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SEMICONDUCTOR DEVICE ANO 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 (here.inafter called "Bi-MOS element") 

in which both a bipolar element and a MOS element are 

formed on a MOS field effect transistor (hereinafter 

called "MOSFET") or a single semiconductor substrate 

and a method of manufacturing such semiconductor 

device. 

2. Description of the Related Art: 

As advances have recently been made in.integrat-

ing elements in a large scale in MOS semiconductor IC 

devices, application of a buried contact structure is 

on the rise. 

In a typical buried contact 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 contact with a source diffused region 

or a drain diffused region (hereinafter called 

111 
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~ "source/drain diffused region") is formed via a con­

tact diffused region by impurity diffusion from the 

source/drain electrode. 

In response to the minute elements, an LOO 

(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 transistor 

having an LDD structure. This MOSFET 100 has a buried 

contact structure on a-p-type silicon substrate 10. A 

contact diffused region 28 constituting this buried 

contact structure is formed of an n+ diffusion layer 

formed by impurity diffusion from a source/drain elec­

trode 40 formed of an n+-type polycrystalline silicon 

layer. The source/drain electrode 40 is formed to­

gether with a wiring portion 44 while the 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 film; 14, a gate oxide film; and 1a, a 

silicon layer hollow formed during etching the 
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po l yc rys tall i ne 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 n+-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 n+-type gate electrode 30 

and the n+-type source/drain electrode 40 by etching, 

the exposed portion of the p-type silicon substrat~ 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 peripheral portion of the silicon layer hollow 18 

so that the impurity concentration of the n--type off-
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se t region 52 to be formed tends to become lower than 

a predetermined value while:the resistance of the same 

n--type offset region 52 tends 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 n•-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 impurity diffusion of arsenic from the n•­

type polycrystalline silicon layer. 

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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·i;· i ng a contact diffused region of MOSFET simultaneously 

with the emitter diffused region, the connection of 

the contact diffused region would be shallow to cause 

the above problems (1) and (2). Consequently, if in a 

Bi-MOS element an parasitic resistance resulting from 

t·he buried contact structure is to be reduced, the 

connection of the diffused region should be deep. 

This would be an obstacle to a high-speed Bi-MOS 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 object 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 surface of 

said semiconductor substrate and having a buried con-

tact structure; and 

(c) said buried contact structure including at 

II! 
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~ least a first contact diffused region formed by diffu-

sion from a polycrystalline:silicon layer, and a sec-

and 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-MOS-type semiconductor device 

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 surf ace 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 single polycrystalline silicon layer; 

(e) said buried con~act structure of said MOS 

element including at least a first 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 

(f) an emitter diffu~ed region of said bipolar 

element and said first contact diffused region· being 

formed by impurity diffusion from said polycrystalline 

silicon layer. 
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According to a third a~pect of the invention, 

there is provided a method of manufacturing a MOS-type 

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 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 electrode; 

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 Bi-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-

iii 
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s ion 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 

diffused region to a bipolar element, then by forming 

openings in a gate oxide film of the buried contact 

structure forming 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 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. 

With this semiconductor device, since the dif­

fused region forming the buried 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 dif fusiori deeper than the 

first contact diffused region, it is possible to real-

iii 
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q ize a semiconductor device which hardly receives in-

f luence 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 ~esistance. 

Further, since the MOS element of this invention 

has a deep diffusion layer to increase the area of 

connection of the source/drain, it is suitable for use 

in, for example, a static random access memory (SRAM). 

As advances have recently been made in integrating 

elements, demands for shallow connection of the 

source/drain of a transistor are on the rise, for 

which the area of such connection must be reduced. 

Thus the amount of connection of the source/drain 

would be reduced so that the amount of connection of 

storage node in a SRAM 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 used, 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 

Iii 
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In addition, since th~·depth of connection and 

the impurity concentration of the second contact dif-

fused region constituting the buried contact structure 

/' can be set independently of the impurity concentration 

in the polycrystalline silicon layer, it is possible 

to improve the degree of freedom of device 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 production 

as conventional. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. l is a cross-sectional view schematically 

showing a MOS-type semiconductor device according to 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 ~imilar to FIG. 

l, showing a modification according to the first em-

bodiment; 

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

showing the manufacturing process of the semiconductor 

iii 
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• device of FIG. l; 

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 reference to the accompanying draw-

ings. 

§;mbodiment 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-channel 

MOSFET 100 having an LOO structure. In the MOSFET 

100, a field oxide film 12 and a gate oxide film 14 

iii 
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are formed on a p-type silic9n substrate 10. On the 

gate oxide film 14, a gate ~iectrode 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. On the opposite sides of the gate elec-

trade 30 and the end of the source/drain electrode 40, 

side walls 50 each in the form of a silicon oxide film 

is formed. Under each of the side walls SO, an n--

type offset region 52 constituting an LDD structure is 

formed. 

In the silicon substrate 10, n+-type 

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

the opposite sides of the gate electrode 30. In this 

embodiment, one n+-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 

n+-type contact diffused region 22 formed shallowly on 

the surface of the silicon substrate 10, and a second 

n•-type contact diffused region 24 formed on the sur-

face of the silicon substrate 10 more deeply than the 

first n+-type contact diffused region 22. 

The second n+-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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s~bst rate 10, with a part of, the second n•-type con-

tact diffused region 24 being connected to the 

source/drain diffused region 42a. The first n•-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

quately large so that the contact resistance 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 µm, and the second n•-type contact 

diffused region 24 may have a depth of diffusion of 

o.s to o.a µm. 

In the arrangement, the diffused region forming 

the buried contact structure 20 includes the first n+­

type contact-diffused region 22 formed by impurity 

diffusion of arsenic, and the second n•-type contact 

diffused region 24 formed by impurity diffusion of 

phosphorous deeper than the first contact diffused 

region 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 conn~ction, the MOSFET 100 al-

lows the connecting area of :the n+-typ~ source/drain 

diffused region 42a to increase so that with the con-

nection of the n•-type source/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 possi~le to obtain a low-resistance 

buried contact structure stably with no influence from 

the non-uniform processing, such as irregular depth of 

etching of the silicon substrate 10. 

Further, since the depth of connection and the 

impurity concentration of the second n+-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 embodim~t, 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-

Iii 
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cess of the semiconductor device of FIG. 1. Like 

reference numerals designate 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 film 14 are formed on a p­

type silicon substrate 10 in the usual method. Then, 

using a resist film Rl 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 sx1013 to Sxl014 cm-2. After removing the 

resist film Rl, annealing is performed in the atmo­

sphere of nitrogen at 900 to l,OOO#C for 40 to 80 

minutes. In this step, a second n+-type contact dif­

fused region 24 is formed. 

(B) In the step shown in FIG. 48, opening Hl is 

formed in the gate oxide film 14 of the region def in­

ing the buried contact 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 implantation is 60 to 100 KeV and an amount.of 

implantation is Sx101s 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 t~ 1,000#C for 20 to 30 

minutes. In this step, an ~+-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 n+-type gate-electrode 30, an n+-type source/drain 

electrode 40 and a wiring portion 44 contiguous the~e­

to. At that time, the exposed portion of the p-type 

silicon substrate 10 also is etched to form a hollow 

18 on the substrate 10~ 

(D) In the step shown in FIG. 40, under such a 

condition that energy of implantation is 50 to 100 Kev 

and an amount of implantation is lxl013 to 3xl013 cm-

2, ion implantation (indicated by arrows in the draw­

ing) of phosphorous or arsenic is performed ih order 

to form an n--type offset region of an LOO structure. 

In this step, a diffused region 52a 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 (CVD). 

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

oxide film soa is etched by anisotropic etching. In 

iii 
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this step, a side wall 50 in, the form of a silicon 

oxide film is formed on the ~nd 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 1x101s to sx101scm-2, 

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 n+-type drain 

diffused region 42b are formed. Under the side wall 

SO, an n--type offset region 52 constituted by a part 

of the diffused region 52a is formed to provide an LOO 

stru~ture. 

Sy 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 LOO structure is added. 

This MOSFET 300 is essentially identical in 

structure with the LOO-type MOSFET 100 of FIG. 1, ex-

capt that there is no region corresponding to the n--

type offset region 52 of the MOSFET 100. 

gmbodiment 2: 

FIG. 5 shows a semiconductor device according to 
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the second embodiment of this invention. 

In FIG. 5, a Bi-MOS e~ement includes an n-p-n­

type vertical bipolar transistor 200 of washed emitter 

structure formed in an n-type well lOa on a p-type 

silicon substrate 10, and an n-channel MOSFET 100 of 

the LDD structure formed in· a p-type well !Ob. 

MOSFET 100 of this embodiment is identical in 

construction with the MOSFET 100 of the first embodi-

ment. Therefore, 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 n+-type 

emitter diffused region 62 formed in the n-type well 

lOa, a p-type base diffused region 64 formed under the 

n+-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. An 

·emitter electrode 60 is formed on the n+-type emitter 

diffused region 62. 

The n+-type emitter electrode 60 of the bipolar 

transistor 200, the n+-type gate electrode 30 of MOS-

FET 100, a source/drain electrode 40 and a wiring par-

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 n+-type contact diffused region 22 com-
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posi ng a buried contact structure 20 of MOSFET 100, 
. 

and the n+-type 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 n+-type contact diffused 

region 24 composing the buried contact structure 2o of 

MOSFET 100 and the n+-type collector diffused region 

66 for connecting the collector electrode of the 

bipolar transistor 200 are simultaneously formed by 

impurity diffusion of pho~phorous, having substantial-

ly the same depth of diffusion and impu'.ity 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 µm, and the second n+-type contact 

diffused region 24 has a depth of diffusion of 0.5 to 

o.s µm. 

According to this embodiment, since the buried 

contact structure 20 of MOSFET 100 includes the first 

n+-type contact diffused region 22 formed by impurity 

diffusion ~nd 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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The ref ore it is possible to form on one substrate both 

MOSFET 100 having a small pa-'rasi tic resistance and the 

high-speed bipolar transistor 200 with shallow diffu-

sion. 

Since the second n+-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 independently for the n+-type 

emitter diffused region 62 of the bipolar transistor 

200 and the second n+-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 the degree of freedom of device designing. 

FIGS. 6A through 6G shows the manufacturing pro-

cess of the semiconductor device of FIG. s. 

(A) In the step shown in FIG. 6A, using the 

usual method, an n-type well lOa and a p-type well !Ob 

are formed in the p-type silicon substrate 10, and a 

field oxide film 12 and an oxide silicon film l4a are 

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

KeY and an··amount of im~lan;~tion is Sxl013 to Sxl014 

cm-2, ion implantation (indicated by arrows in the 

drawing) of phosphorous are performed on the silicon 

substrate 10 via a resist film R2 as a mask having 

openings, and annealing is performed in the atmosphere 

of nitrogen at 900 to 1,000~C for 40 to 80 minutes. 

In this step, an n+-type collector diffused region 66 

for connecting the collector electrode, and a second 

n+-type contact diffused region 24 are formed. 

(B) In the step of FIG. 68, ion implantation of 

a p-type impurity such as boron is performed ~o 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, respectively~ A.polycrystalline silicon layer 

16 is deposited on 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 sx101s to lxl016 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 1,000 C 

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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di ff used region 22 are forme9 by arsenic diffusion· 

' from a polycrystalline silic;On layer 16. 

(C) In the step shown in FIG. 6C, the 

polycrystalline silicon layer 16 is photo-etched to 

form an n+-type emitter electrode 60, an n+-type gate 

electrode 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. 60, a resist film 

R3 is formed on a bipolar transistor forming region. 

Then, under such a condition that energy of implanta-

tion is so to 100 Kev and an amount of implantation is 

1x1013 to 3xl013 cm-3, ion implantation (indicated by 

arrows in the drawing) of arsenic or phosphorous 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. 6E, after removing 

the resist film R3, a silicon oxide film SOa 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 SOa undergoes the anisotropic etching to 
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f o rm silicon oxide side walls 50 on the end of each of 

the gate electrode .30 and n•.--type source/drain elec­

trode 40 and on the opposite ends of the n+-type emit­

ter electrode 60. 

(G) In the step shown 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 50 to 100 KeV and an amount of implantation is 

lx101s to sx101s cm-2, ion implantation (indicated by 

arrows in the drawing) of arsenic or phosphorous is 

performed, a~d annealing is performed in the atmo-

sphere of nitrogen at 900 to 1,ooo•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 region 52 con­

stituted by part of the n--type diffused region 52a is 

formed under the side wall 50 to provide an LDD struc-

tu re. 

In the second embodimerit. like the first embodi­

ment, in MOSFET it is also possible to obtain a buried 

contact structure to which no LOO structure is added. 

Both the n_+-type emitter diffused region 62 and 

the first n+-type contact diffused region 22 can be 

formed by the same first step, and the n+-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. 

~mbod i m§..!J..t_ 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 portiorr 46 prevents the silicon layer 

of the first embodiment from being formed with a hol­

low 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 element 

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-MOS elements of this embodiment can offer 

an advantage that the cover portion 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. 

Although certain preferred 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-channel MOS elements as wall 

as the n-channel MOSFET as a MOS element and n-p-n 

bipolar t~ansistor as the bipolar element. 
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CLAIMS: 

1. A semiconductor-. device comprising: 

(a) a semiconductor 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 polycrystalline 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, 

wherein 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 semiconductor 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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ture forming region; 

(b) foriiiing 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 electrode; 

and 

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

diffused region. 

6. A semiconductor device according to claim 4, 

wherein said source/drain electrode is formed, simul-

. taneously with forlliing a gate electrode, by forming 

said polycrystalline silicon layer and etching the 

same. 

7 • A semiconductor device 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 
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in the form of a single polycrystall-ine silicon layer: 

{e) said buried contact structure of said MOS 

element including a first 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 

{f) an emitter diffused region of said bipolar 

element and said first contact diffused region being 

formed by impurity diffusion from said polycrystalline 

silicon layer. 

B. A semiconductor device according to claim 7, 

wherein said semiconductor 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 ·O.l to 0.3 µm and said second 

contact diffused region has a depth of diffusion of 

o.s to o.s µm. 

10. A semiconductor device according to claim 1 

or 7, wherein said first contact diffused region is 

formed by doping arsenic having a sma,11 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 semiconductqr device according to claim 1 

or 7 , wherein said polycrystalline 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 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

sion constant to a buried contac~ 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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dif fused region to a bipolar element, then by forming 

openings in a gate o"ide .·_film of the buried contact 

structure forming 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 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. 
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