SEM. CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG T;Zé§xﬁgﬂ#ﬂb
BACKGROUND OF THE INVENTION 1. Field of the Invention: Thi s

i nvention relates to a sem conductor device, and nore particularly to a

sem donductor device including.a:MOXS el enent, such as a sem - conductor
devi'de (hereinafter called "Bi-MXS eleﬁéﬁt") i n which both a bipolar

elemgnt and a MOS elenent are fornmed onna MOS field effect transistor
(heéreinafter called "MOSEMECONDUCTOR DEVICEMRNDDMERHOD substrate and a

met hod of manufacturing such sem conductor device. 2. Description of the

Rel ated Art: As advaFe MANVFACTMRING THEE@AMBEade in integrat- ing
elenments in a large scale in MOS sem conductor | C devices, application of
a buried eontact structure is on the rise. In a typical buried

contact structure in conven-
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 semaconductor
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, épplicationiof 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 contact with a source diffused region

or a drain diffused region (hereinafter called



tional MOSFETs, a gate electrode and a source elec- trode and/or a drain
el ectrode (hereinafter called source/drain electrode") are fornmed during
the growth and process of one and the sanme polycrystalline silicon, and a
contact with a source diffused region ez-a drain diffused region B
(hereinafter called -2- ' sourcel/drain
di ffused regi eouyced draimediififused mregionthcis didmmeskv i@ @PYY i npurity
diffusion fromthe source/drain electrode. . In response to the

m nut e el eref@et i frpped( [reghony bFogaPuiidin ) didtfiusdqn & am Ehfeasure

agai nst the hot el.ectron probl em was used in MOSFET. The structure
of this typeSOUFFEERARENRLIEEFIOS® i s schematical ly shown in FIG 2 of the
acconpanyi ng draw_ngs. In FIG 2, MOSFET is an n-channel MOS :
transi stor havi ng*8nTEBRREERULLULEe MY YRosRERedE nAD &Biried cont act

structure on, a-p-type_silicon suhstrate 10. A contact diffused region 28
constituting(PHQEt r Peped 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 nt-typa |
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

ll



contact structure is forned of an n[err] diffusion |layer forned by

i mpurity diffusion froma source/drain elec- trode 40 fornmed of an n+-type
polycrystalline silicon layer. The source/drain electrode 40 is formed to-
gether with a wiring portion 44 whil.e the layer of a gate electrode 30 is
formed. The n+-type contact dif- fused region 28 is connected to one
n+-type soyakycirystall Iheseil iegnobav@a.via an n--type of fset region 52
which is located right under a side-wall -50 contiguous to the source/drain
el ectrode 40. Howaver] Ghe semriceordectonndewicd 20tcEIgnagebaa field
oxide film 14, a gate oxide film and 18, a silicon |ayer hollow formed
during etchitthe tfmllowing problems resulting from the.uriedyeedstalline

silicon |ayer. However, the sem conductor device of FIG 2 has the

fol | owi ng prigstterfitiutiing@ng fromthe buried con- tact structure:
(1) If an inpurity having a small_diffusjon con- stant is, used as the
impurity in the sddrkcdfdrdf 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-
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el ectrode 40 of the n+-type polycrystalline silicon, the connection of the
nt-type contact diffused region 28 would be shallow. The connection of the
n--type offset region 52 to be connected to the n[err]-type con- tact

di ffused region 28 is originally shallay.and has a high resistance
Therefore, the resistance of the whole buried contact structure would

i ncrease to &®F dediiqrh SArtxike Formadttends t ko thrceeRr bewar athani f f used

regi on 42a of MOSFET, thus |npa|r|ga}the mut ual con- ductance of MOSFET
and the char dPaEcatsrngnecheakve #kﬁﬁthﬁkﬁﬁ%&FQ%ﬁGQcﬁfmh@% $3Mee

transistor is in on state. ) During formng the4%£err] type gate
el ectrode 30N artyPenofisat ragian r?ﬁQQﬁzﬁ91Q§QRHQ(iﬂP $8 et chi ng,

t he exposed portion of the p e SI|ICO substrate 10  al so woul d be
etched Lo foPf ehEeshiliteorFeaybingtdamo @t fhe (oY R W1 region

52 is formed by ion_ inplantati t he i nmpurit ul d har be, doped to
t he peripherHP¥5oPF98nISFqﬂ9¥§§ Yo d® | q:%k?ﬁ? Sl ﬁéﬂ & i npurity

concentratloqhgg gqgonrgéﬂﬁts 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-

Il



-4- set region 52 to be forned tends to becone | ower than a
predeterm ned val ue while the resistance of the sane nferr]-type offset
region 52 tends to becone 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- ment i oned
characteri stisgdaecentant dbfifuaptoraoppp- of MESEEMgSipUdFaneouslyhe

et ching step. The foregoing problens are remarkable if arsenic
havi ng a smeit@i thesemhttenseafifusadysegias.t ke gPNNERELPR Pl t he n+-type
pol ycrystalline silicon |a (source/drain electrode 40), the n[err]-type
of f set regloﬁh95%°%hﬂ°Fh%1%f%$?? FE88080HPHAACPE| RhALLPHSER Péﬂﬁ@ns 42a,

42b. Further, for the sa reason, .the_above problem (1) will be
caused even HiP (RPYGRTHLARBFER) h%min@?A bGPNBEAUERELYs éfrl’uBt fire to

whi ch an LDD structure is not to be a in the case of a
Bi - MOS el et ~MQH L 8RR M a?rﬁﬁ%ﬁﬁhﬁl?yﬁﬁséﬁ¥59%? H???hﬁéﬁgrgﬁPBn of the

bi pol ar tran3|stor he sanme probl em as t{he MOSFET woul due to the

i npurity di R ’d?‘; eﬁ%‘é‘f'ﬁ%tfﬂ'ﬁh'?ﬂér?wls £9 pRe pEPRES taFH?ne silicon

| ayer. 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



In order to realize a high-speed bipolar transistor, the connection of the
n+-type emtter dif- fused region should be shallow. Therefore, when form
-5- _ing a contact diffused region of MOSFET sinultaneously with the
emitfer diffused region, the connection of t he contact diffused region
woul d be shallow to cause the above pgoblens (1) and (2). Consequently,

if ig a BiydiScehepepit aRoRBAAE! b ¢ FLEBHSFRBEBNT EHMEENBY amry-t he
buri ed contact structure is to be reduced, the connection of the diffused

region shoul gide €eeP.a pdlysrvevhilbaeasiobebaclayép, aahdgh- speed Bi - MOS
el e- ment . SUMVARY OF THE | NVENTI ON It is therefore

an obj ect ofomdiditfivesd i cegion Ppoomedebg défifushdacdeepdevitbanwhi ch hardly
receives influence of non-uniform processing such as in the etching step,
is stabl e i szidréitst i cdntaabddibbfusaed| oegiesi st ance buri ed cont act
structure. Anot her object of the invention.is to provide a

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.
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met hod of manufacturing the above-nentioned sem - conductor device.
According to a first aspect of the invention, there is provided a MOS-type

sem ¢onduct or device com prising: (a) a sem conductor substrate;
(b) an MOS el enent forned on a main surface of said senm conduetor
substrate and having a buried con- tact-structure; and (c) said

buri @d contact stracdardingictaidd nghatd aspect of the invention,
-6- least a first contact diffused region formed by diffu- sion froma
pol ycryst al Itiheeesiils goovidest .a amgthod eaf mamd’ ai¢ tdobral 2 JPINtYrRe red by

di ffusion deeper than said first contact_ diffused region. Accor di ng
to a secondsaspeondyiciare daniar. GipmPririrg | therater P Bi - MOS-t ype
sem conduct or device conpri Sing: (a) a sem conductor substrate;

(b) a bipolar el ed@t flaamMing éh LGRN% eRntaee 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-



of said sem conductor substrate; (c) an MOXS el enent fornmed on the
mai n surface of said sem conductor substrate and having a buried con-

tact structure; (d) an emitter electrode of said bipolar el enent
and a source/drain el ectrode of said MOS el ement being in the formof a
single polycrystalline silicon |layer; =8- (e) said buried contact

strucgture of Hid Mzt ENEdtaiheh 1l "dortateastracturst répmiagt diffused
region formed by inpurity diffusion fromsaid polycrystalline silicon

| ayer and a seRyiwh arid actcoXidd tseddiehised f oegiboh bfochiAigsregidagper than
said first contact diffused region; and (f) an emtter diffused
regi on of said bi pdlkar faatneimenta ahirsticbritacst dohiwsed drédiliepdandgi on
being formed by inpurity diffusion fromsaid polycrystalline silicon

| ayer. an emitter diffused region by daping impuicttwdiwitho a third
aspect of the invention, there is provided a nethod of manufacturing a
MOS-t ype 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 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-



sem conduct or device, conprising the steps of: (a) formng a second
contact diffused region by formng a field oxide filmand a gate oxide
filmon a silicon substrate and then doping an inpurity of a large

di ffusion constant to a buried contact structure formng region;

(b) forming a first contact diffused r&g on by form ng openings in the

gat e oxi de EE'”"Q@ﬁ?dakébcﬁgﬁ3@%0@Eé“&¢fﬁhsﬂé}fﬂﬁ.}?¥§iv9§ jhe silicon
substrate an £hén oping an inpurity of a small ‘diffusion con- stant to
the buried ¢aRkache S Wi ih rd R Phg Vddch s 0DRNERESeteh- (C) -
etching the polycrystalline silicon layer to forma gate electrode and a

source/ drai 3 g a¢kbQdas sAible in cHabadiod i &, iHERIrdtyowo forma

source/drain diffused region. According to a fourth aspect of the
i nvention, relBestanselbHidRl coffdY & tiudBms anidirhay & BhwMOS-  type
sem conduct or device, conprising the steps of: (a) formng a second

contact dif pagagtiegiwesisténce.coll ector diffused region by formng a well

and then a field oxide filmand a gate oxide filmon a silicon substrate

and t hen dopi ng arFumgheirt,y sifnce [tareggeiod fflement of this invention
has a deep diffusion layer to increase the area of
connaection 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



-8- sion constant to a buried contact structure formng region and a
collector diffused region form ng region,; (b) formng a first
contact diffused region and an emtter diffused region by doping inpurity,
with the MOS el enent form ng regi on nmasked, to forma base -diffused
region to a hipolar elenment, then by fel®ing openings in a gate oxide film
of the buri ed9¢88PAE0 PEPPIEMSr-e forning.regi on and an enitter diffused

i1 con subst rat o 1 PHOK i OPESSLEREHe ARG SORORARIARS IR and by
O " Yoblh 5%, BBl e o 5 S e B R R e anc
a sourpe/dra#n electrgde 8%ns%g%u el nenh and, an %ni te%reL %trode of
the bipol ar ' 4PERehBILIGRGCON: ¥g$gb5gﬁn6,£ﬁanﬁﬁP|?§, Wit WexUi®ool ar
el ement  for gbno,LegLen; 18858 Aueh1lO0F 2neOYnperdts' Bofcbht?adiohed! on-
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



Wth this sem conductor device, since the dif- fused region formng the
buried contact structure of the MOS el enent includes the first contact
diffused region fornmed by inpurity diffusion fromthe polycrystalline
silicon |layer and the second contact diffused region fornmed by diffusion
deeper than the first contact diffusedlregion, it is possible to real-
-9- i.ze a seqdiuElust oFxglevi ce which hardly receives in- fluence of

non-uni form processing such as in the etch- ing step, is stable in
characteristic, har@ |9Ws 4 asSrcdsrescPibnLl ¢Da agthémavieslbyand has a
| ow- parastic resistance. Further, since the MOS el enent of this

i nvention hamwireep shifNoSH Oype ayemiidanductensdet hee aneaondiingonnect i on
of the source/drain, it is suitable for use in, for exanple, a static
random acces remEcor(dSRMJodimentadvances have recently been made in

integrating elenents, demands for shall ow connection of the source/drain

of a transistor arIGB. tére thraygh 3G 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



whi ch the area of such connection nust be reduced. Thus the anount 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- cone
i nadequate. As a result, in SRAM character- istics such as resistance
agai nst noise, leak current and a ray-<98ft error. This problemwould be
remark- abl @rgarfpiregidaciny aopttwpesisid igfon mubitatate Hwevdin thd an
n-channel transistor in-which the MOS el epent of the invention is

i ncor por at ed gageusxdde; fileg dassidlaate @laryragse Ihd sarfarngd .catbcti on of
t he source/drain and hence the amobunt of connection, -with the connec-

tion of the $o8PHEFEY drainegleateadftelisofanmmed atafsiPart IR ng kept

shal | ow, thereby elimnating the .. -10-
foregoi ng pr SBRERE. Trom the gatey@lschiods f% @E Zy&PH M RYinect i on and
the impurity c¢oncentration of the second _contact dif- fused region

constituti ngttRB By i8dTEEMES FORtIQUOSdY T FNGe SOUNG fEident |y of the

i mpurity concentration . .
P y efectrode 40. On 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 di%fused 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



in the polycrystalline silicon layer, it is possible to inprove the
degree of freedom of device designing. If this MOS elenent is
combined with a bipolar element, it is possible not only to achieve a

hi gh- speed operation of the bipolar_g%gnent but also to realize a Bi-MOS.
el ement having a small parasitic resistance. The foregoi ng

sem gonduct csubkrbrake tan Wethpanapast af e§hpnserendant ~kRBeFOBr st eps of
production as conventional. - BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a ta@bsdkttiisedaregien 3tnkainacarnpecirdutigthemos- type

PG 21 o tros ettt T IHERASCRBHAD, 4Ry TERORARGEa EoRVERL | onal
i | o o MAERAt SHfiHgTa ABIPR: 23t 1 onf AE0SY dPRoLPRUEREY! PREE em
D e it A bt S ShfLE L PS8 LSRBLCY! P POV N the
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-



-11- device of FIG 1, FIG 5 is a cross-sectional view
schematically showi ng a Bi - MOS-type sem conductor device according to a
second enbodi nent ; FI GS. 6A through 6G are cross-sectional views
~schematically showi ng the manufacturing_ process of the sem conductor
device of FIG 5; FIG 7 is a cFB@S-sectional view schematical ly
showi,ng a MOBuspde regipooRduceer devicosnesddradi.ng heo MPSRET riPledodi nent ;
and FIG 8 is a cross-sectional view schematically showi ng a

Bi - MOS-t ype $enBcshe@ucoonegsinge aneeordi Ade tnd —thyPe Isour cafisi@iiment .

DETAI LED DESCRI PTI ON . Tépical.enbodinents of this invention wll now
be descri beddif fTHSEdf EPEHER t83t ke ADESRPESY ISy tadwwithhdde cempodi nent 1:

FIG 1 shows -a sem conductor device schematical- |y according to the first
embodi ment oPeEkRign| Afetbe pffshype 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 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-



Li ke reference nuneral s designate simlar parts or elenents throughout

FIGS. 1 and 2. Thi s sem conductor device conprises an n-channel
MOSFET 100 having an LDD structure. In the MOSFET 100, a field oxide film
12 and a gate oxide film21i4 -~ . -12- are

formed on a p-type silicon substrate 10°"0n the gate oxide film14, a
gat e .el ect r abss3®fi tHeorswml camdilctar sdav e dohi AI@L ett r odékd0 is fornmed at

a position spaced fromthe gate el-ectrode 30, and a wiring por- tion 44
is formed coefiegqenes yhwumetdks sirpigriataisimilkiedraot® 20. etpmentsopposite

sides of the gate el ec- trode 30 and the end of the source/drain

el ectrode 4Ghroughga t\diIGS 50t edfth 4n the formof a silicon oxide film s
formed. Under each of the side walls 50, an n-- type offset region 52

constituting an LEB)sthructhg step shawndn FIG. 4A; athiekd| exidesubstrate
10, n[err]-type source/drain diffused regions 42a, 42b are forned on the
opposi te si dddmofl2 pdch#/ Sadie it 3dm |I¢ ta1e 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 than 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-



enbodi nent, one n[err]-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 shallowy on the surfgce of the silicon substrate 10, and
a second n+-type contact diffused region 24 fornmed on the sur- face of
the silicon spbereapd 13 tmmgendedpIFOQ Han 1t ROO0HG rfAr 20 t§¥pe3Cont act

~diffused region 22. : The second n+-type contact diffused region 24 is
formed by pr@dnoliesdi f ositdyisofs teifos giromfutwie £anfrapt dififusadn const ant
as an inpurity into the silicon - 13-

substrate 10re@iPn 22pdpt Termachdysdewnd ifpe i iiugion G arsgiql f f Used
regi on 24 being connected to the_ _source/drain diffused region 42a. The
first n[err]fr@petheorpdverysitriddaer sdildeory Jayarorkéed by inpurity dif-
fusion of arsenic gf a_small diffusion contact from the source/drain
el ectrode 40. The 8€pt Rnothendteecshoyng iy 1. hpe Wht act di f fused

region 24 should be ade- ., quately large so that the contact resistance of
t he . polycrystalline silicon laver 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



buri ed contact structure 20 can be reduced | ower than a predeterm ned
val ue. For exanple, the first n[err]-type contact diffused region 22 may
have .a depth of diffu- sion of 0.1 to 0.3 [err]m and the second
nferr]-type contact diffused region 24 may-have a depth of diffusion of
0.5to0 0.8 [err]m In the arrangeuent, the diffused region formng

the Quried amilsagited, Uctdids AbiNAAdas. the forfptonia siyisosont act
di ffused region 22 formed by inpurity diffusion of arsenic, and the second

n+-type conioxdide diiflimuded froagiexh oiv ey rered yf iegmh idfy thd fgsteon of
phosphor ous deeper than the first contact diffused region 22. Because of
t hi s doubl eellagdrogier &t arel the s meysingin ted aathade t42. buri ed cont act
resi stance, which would be a cause for the conventional problens, to an
adequately smal |l {&udn rtéa istieny shoWPSERT FG. 4G.nyndegnmsuctpa asitic
resi st ance. Further, having the second n[err]-type contact dif-
-14- fused ropddfien dbel iemer@ynedt ilowlarta tNosFEE FI0 ta -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



| ows the connecting area of the n[err]-type source/drain diffused region
42a to increase so that with the con- nection of the n[err]-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 randonf%%tqss menory ( SRAM . Si nce
t he gonnect i bheoéechndsevbndimentYPE tbas inyentderf-used region 24 is set
to be deeper than the_ _connection of. the first n+-type contact diffused
region 22, it is pbBsFBfe Beo B8bEBArMOE edamessi ingAHEespapi BIPCHAt act
structure stably with_no_influence from the non-u iforn1groces%ing, such
as irregul artyedtvebFical chiRgisr LhReNSiPEEHN2S0LETr Ypahed. emitter y ( her,
since the depth of conpectiaon_and the inpuriﬁy concentration of the second
n+- type contBEEUCHFe EREMREgLBNAR4NEhYPBeWELL 1RBePBNACRTFYPBf the im
purity concentration in the polycrystalline silicon r..Lt s possible
to inprove t%&#%ﬁ@ﬁe%”%ﬁtf?ﬁédb %?dd%QiEécgﬁgpaﬂiﬂ8%9¥$ 106 ?t this
enbodi nent, the buried coptact_ structure is_forned, ni for one
sour ce/ dr ai n”é?e"céﬁoﬂ'é’.’uc&‘f%rﬁ%fﬁ/ 13" ¥R Bﬁ??e‘deégn é%t structure may be
formed for both tfﬁb§¥%40fbgngfd£ﬁgg Sﬁégéiﬁgﬁé-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 n*t-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. AN
‘emitter electrode 60 is formed on the n*t-type emitter
diffused region 62.

The nt-type emitter electrode 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-



FI GS. 4A through 4G shows the manufacturing pro-
-15- cess of the sem conductor device of FIG 1. Like reference nunerals
designate simlar parts or elenents throughout FIGS. 1 and 4.
In the step-shown in FIG 4A a field ide film12 and a gate oxide film
14 are formed on a p- type silicon substrate 10 in the usual nethod. Then,
usi ng a resimisifid m Buraked awstact et rugptane a20 oof NOSKETated, by arrows in

FIG 4A) of phosphorous is

structure

2nd gem*sikpe euiiiart i thisedneegionis2 ngf atbait i on

(A)

made in.the region defining a buried contact

is 80 to

120 KeV and an anount of inplantation is  about 5x10[err] to 5x10[err]
cm 2. After biggd@md nansistan K0G ang Bl mphirReOYRLY sTpEredred in the
at no- sphere of nitrogpn at 900 to 1, 000#C for 40 to 80 m nutes.

step, a secdmpuridyr jdif
(B) In the step shown in FIG_ 4B, opening Hl is

film14 of Pedyesysdalddinersilicon 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.

Vipes intafctanganic riram ¥hg)iwm ©Pe s f or ned.
formed in the gate oxide

In this



ing the buried contact structure 20, and then a polycrystalline silicon

| ayer 16 having a thickness of about 2,000 to 5,000 Angstromis piled on
the silicon substrate 10. Then, under such a condition that ener- gy of
i nplantation is 60 to 100 KeV and an anount of inplantation is 5x10[err]
to 1x10[er]r cnferr], ion inplanta- tigg_(indicated by arrows in the

6 ophere THetAAT R cht ore ooeeT o4 0B Lo Br ©D0°hE S4P=RTAEECEOthn this
step, an n[e[;{gaéf-sete.ypeo&q{ltact diffusf r.egiop. 22 ig.g [ g bx iErRurity

i f f 106 Hafion e oIS \RECrFTRLECrPRighafge cAid e

(k) Falﬁﬂeogp%ﬁrgﬁ; i .g%f%e45; zgfyfgglg 6y§§%£:é§ lf'i?&g fIgyer 16 is
et ched by t he 'S §¥Q%H%%o [ %ogr%p ysand e§ch|ng tec%no ogy fouforn1 an

nferr]-type gate electrode 30, an n[err]-type source/drain electrode 40
and a wiring portion 44 contiguous there- to. At that tine, the exposed

portion of the p- e SiAd CULEHPIHY-Aod Gk ot St FNGG T Ped o @ Mol | ow

18 on the substrate _
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



(D) In the step shown in FIG 4D, under such a condition that energy of

i nplantation is 50 to 100 KeV and an anount of inplantation is 1x10[err]
to 3x10[err] cm 2, ion inplantation (indicated by arrows in the draw

i ng) "of phosphorous or arsenic.is perforned ih order to forman
nf[err]-type offset region of an LDD str3kture. |In this step, a diffused
regi on 52a iss domdigdam thet enefaceodfinmbantation 53080 rt0el20.

(BE) I'n the step shown i:n FIG 4E, a.silicon oxide film50a having a

t hi ckness ofkedb@nd ZroGEmaunt ROOMRREFBIRM sipi PetPlh & Peedital vapor
deposi- tion QCVD). . (F). In the step shown in FIG 4F, the silicon
oxi de fil m S5 %»s IO cHOPIANEARIAN (TN cates Ry 3ffows 1n the

-17- this step, aside wall 50 in the formof a silicon  _oxide filmis
formed on t RE3WIRII oo ANAFPRAOUR e RETATRRRE b thi 1L r ce/ drain
el ectrode 4 In the step shown-in FIG 4G under such a

condi ti on t%&?séﬁért@(l(a Vlirﬂalaarfteétli fidm®RZ As G nask hav1qg
openings, and annealing is performed in the atmosphere
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
T 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



and an anmount of inplantation is 1x10[err] to 5x10[err] cnferr], ion

i npl antation (indicated by arrows in the drawi ng) of phosphorous or
arsenic is performed, and annealing is performed in the atnosphere of
nitrogen at 900 to 1,000#C for-20-to 6Q _minutes. In this step, the n+-
type source di ffused region 42a and théqgrerr]-type drain diffused region
42b are fornedffusddr relgdosi 2 \aadel fordedakynjaarsenitoy gl fdfussiatn r egi on 52
constituted by a part of the diffused region 52a is forned to provide an
LDD structufeom a polyByysitalildnegsiddcoer leyesf 1$teps, it is possible to

obtain the MOSFET shown in FIG 1. . Anot her MOSFET 300 according to
the first em bodl(eenin ibesgsRpR BROENPGIN3FIGan SFavdh® buried con- tact
structure to which no LDD structure is added. This MOSFET 300 is

essenti al |y Pakveryatalhing sidigre JAvRrt A& ABDPHPIO-MESEER #00 of FIG 1,
ex- cept that there is no re%Lon corresgonding to the+n- type of f set
regi on 52 of TeHB MorETLYBS. eMik{Eh; RLAFLYOde 50, ap aY-LvPR gets

seniconductoglgggig eagg?rgkn%+£gype 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 substfate 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 SO 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

i



-18- the second enbodi ment of this invention. In FIG 5, a Bi-MXS
el ement includes an n-p-n- type vertical bipolar transistor 200 of washed
emtter structure formed in an n-type well 10a on a p-type silicon
substtate 10, and an n-channel MOSFET 100 of the LDD structure forned in a
p-type well 10b. MOSFET 100 of tB¥s enbodi nent is identical in

constructi ongddh Nsi DecdRSERId&09i86 WARB1EI 56t canBadi endnefit eathenéf ore,
li ke Teference nunerals-designate simlar parts or el ements throughout

FIGS. 1 and ghe géﬁedelettedddesorapdian—tspeanUedeHdreihoelebarity

The bi pol ar transistor 200 includes an n[err]-type emtter diffused region
62 formed intgdde 40 ysedwehl théOappaspteypadsact dhef ndellypegP®Ate4 f or med
under the n[err]-type emtter diffused region 62, and an n[err]-type
col l ector ditdrsereecegpda 66.| ocated on the p-type base diffused regi on 64
via a field oxide film12. An emtter electrode 60 is formed on the
nferr]-type emttefG)dimftisedsteni shoga. in FIG. &Ge a[ eesistypélenitter

el ectrode 60 of the bipolar transistor 200, the n[err]-type_gate el ectrode
30 of MOS- MRETL<0fprmedoun ce/biirohae| prapsistan ’a'ﬁdmanan FEE4OPor-

Then, under such a condition that energy of implanta-~
tion is 50 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 S0 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

ili



tion 44 connected to a buried contact region 20 are fornmed of the
nferr]-type polycrystalline silicon |ayer having arsenic by the sane |ayer
forn1ng process. A first n[err]-type contact diffused region 22 com
-19- "posing a buried contact structure 20 of MOSFET 100, and the n+-type
emtter diffused region 62 of the bipoP4r transistor 200 are

Si mul.t aneousLynb95 759l ¢ ek Al oo SNl dem Lhe N type

polycrystalllne silicon.layers 0, aving sub- stantially the sane

dept h of dlf&gﬁagatapddbqggglty concentratlon A second n+-type contact
diffused region 24 conposing the buried contact structure 20 of MOSFET

100 and the gmbbdpsenel Bector diffused region 66 for connecting the
coll ector electrode of the bipolar transistor 200 are sinmultaneously

formed by inpurityidiffushonsok mbaipieaadisn bdvithg sOBFEINfalthe |y the
sane depth of diffusion and inpurity concentra- tion. : In this
enbodi nent, fhestiembodiméppe cont act

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—;dentified advantages

as attained by the first and second embodiments, MOS-



di ffused region 22 of MOSFET 100 has a depth of diffu- sion of 0.1 to 0.3
[err]m and the second nt-type contact diffused region 24 has a depth of
diffusion of 0.5 to 0.8 [err]m According to this enbodi ment, since
the buried contact structure 20 of MOSFET 100 includes the first n+-type
contact diffused-region 22 forned by i48urity diffusion and the second

nt+-type conteet flid faisados 'Eemen s &7 EREls D¥mbaAYREAY Qéﬁf&FfQP deeper
than the first contact diffused region 22, it is possible to reduce the

resistance ofn thevantagsl €0t athe ddvst Wertion 46 serves to as-
-20- Therefore it is possible to formon one substrate both MOSFET 100

havi ng a smailstparrad teveneiig it d e dinerenhi ph- sineedi bfypsear transi stor
200 with shall ow diffu- si on. Si nce the second n+-type contact

di ffused reQiayer hicchmiosd g hee i missh € dne aciusdéd usy tciZbng s nmade

deep, a buried contact structure having a |l ow resistance can be forned

W th no infMerefdne ndnt 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 slement and n-p-n

bipolar transistor as the bipolar element.



—_—
unlforn1proc regular dept h of etchln on the
pol ycryst aI I ﬁﬂ’"ﬂ”ﬂﬂm "m 'las descrl bed in connectgl on with the first
enbodi nmen Itt ws possl ble to st the depth of diffusion and
i mpurity concentratlon i ndependent | y fOr the n+- type emtter diffused
region 62 of thebigelar transistor 200 and the second n+-type contact
di ffused region 24 of MOSFET 100. Therefore, the characteristics of the
buri‘ed contact structyje ﬁ05@&1&6§ﬁ§3£690daamcbecoﬂﬂfis1pgndentIy set for

the bipolar transistor 200, inprov- ing the degree of freedom of device
desi gni ng. FI Ga) 64 samboghdectshosabsheatenuf acturing pro- cess of
the sem conduct or device of FIG 5. (A) In the step shown in FIG

6A. using the usual (i) han, MeS elementwébrmedaonnd mapnt peface of0b are
formed in the p-type silicon substrate 10, and a field oxide film 12 and
an oxi de S|H(uxaidIsemﬂaoaduct¢nranSbnatﬁeaBﬂIh%ﬁhﬂgubsbﬂﬁiéd19°nThen
under such -21- a condition that
energy of inpl srect i stract@de: cando '

(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-



KeV and an amunﬂlmmmrmmm lis 5x10[err] to 5x10[err] cm2, ion
I npl antation (ink I el 10 in the draw ng) of phosphorous are
perforned on the 8ilfcdn 'substratie 10 via a resist filmR2 as a mask
havi'hg - openi ngs, and annealing is perfgtmed in the atnosphere of nitrogen
at 900 to 1,000 ] . 40 .80 mnutes. In this step, an n+-type

col l ector diffuégﬁérgg%gén 6r%§é§géonneqping the collector electrode, and a
second n[err]-type cegy a_%fﬂ&h{;ua_eéi&%&! @ontdct’ AifFPudRE region HyB) !N
the step of FIG 6B, ion inplanfation of a p-type inpurity such as boron

is performed toréphihg opantngsf iHseter gaiten okddeWigl AYPFdXMiIMRF ISt fil m R2
is rermoved. Then, the oxide Silicon fil'm1l4a shown in Fig. 6Ais forned
wi th openings HBolyBristallifiengidichtr 1a¢eg0BhatheSELldCoNE sAb&tAALRI (T er
di ffused region, respectively. A polycrystalline silicon layer 16 is
deposi ted on thgndubBénadepifigt anaihpuehitgsafoh saldlt ddfFRSion 2dpB0
Angstrom by CVD. Under such a condition that energy of inplantation is 60
to 100 KeV andstantinbonthef bunrpedntahtacti stbudébiieer Formihgl eerion cm 2,
ion inplantation (indicated by arrows in the draw ing) of arsenic is
performed, and abmethéngpesipgs:; forned in the atnosphere of nitrogen at

900 to 1,000[err]C for 20 to 30 mnutes. In this step, an n[err]-type
enmt- (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



: i .
ter diffused reqi j|ft n[err]-type contact

-22- diffused rﬂ&“ﬂlﬂm““umﬂu d by arsenic diffusion froma

pol ycrystal line sTll%od-Iéyef 16.1 (© In the step showmn in FIG 6C,
the - polycrystalline silicon layer 16 is photo-etched to forman o

nferr]-type emtter. el ectrode 60, . neer Ll ts QGl
nferr]-type soutBeFlifai ﬁrg'loggt Po&é‘%?g&ﬁ%)g%é}%%ﬁ:ﬁg?tlgg ?&%gh%&g}%f?n
cont'act structure, an i3 L4l ti on i TR s ed
portion of the p-t ypg egi Fg}gclgln%%tfg%thr g’%gltél%:tl ?tgfdggﬁeﬁécgd st%(r)lcff or mea

hol l'ow 18 ‘on t hg; gyAREr iz}%ﬂ:ﬁ-ingi a firs? dohtdit HiFFugeavrdgidd G 6D, a

| ow 1 4B . s dg
resist film R3 1s torned on a polar transistor formng region. Then

under such a ?OEQ%Ean&hihpﬁﬁ&?yd(ifffiu@ﬂo&ﬂtﬂ‘om tSadd ipd1yerystd)) e/ and
an anount of inplantation 1S 1x10[err] to 3x10[err] cnferr], ion

i npl antation (igdhgabadiByerabhana isecdd Wontaes) adff faseehiregiion
phosphorous is perforned to forman offset region for the LDD struc- ture
on a MOSFET for gbifiedeBiy0a 1 fifastibins deleper dham 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



type diffused r d in the MOSFET form ing region on the
surface of the IMH IlHE!m (E) I'n the step shown in FIG 6E, after
renmoving the resist i a 3| i con oxide film50a having a thickness

of 3,000 to 7,000 Angstromis plled upday CVD. - (F) I'n the step
shown in FIG 6fonkeganexide silicon film 50a undergoes the anisotropic
etching to -23- formsilicon oxide side

wal I's 50 on the end of1each eémlbbadgetereHevucedacaardddgn&erdnauppa
source/drain elec- trode 40 and on the opposite ends of the n[err]-type
emt- ter el ecorolig ¥berein sai@(polycriyetsidpnehsidiconFlayesGtoabeesi st
film R4 is formed on a bipolar transistor formng region. Then, under
such a condi ti oponhectedetgysafidi hpriedaconthch strggtuyelbaSKevcaweran.
anount of inplantation is 1x10[err] to 5x10[err] cnferr], ion i mpl ant ati on
(indicated by perbtienifiorneddtawerpndf ouereni gate pmdphcmusofs
performed, and annealing is perforned in the atno-
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 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



sphere of nitroge err]C for 20 to 60 mnutes. In this
step, an n[err]-ti“"[llﬂ‘ﬁl“ﬂ("lllam[ed region 42a and an n[err]-type drain
di ffused region 42 aretforned for. MOSFET 100. The offset region 52 con-
stituted- by part of the n--type diffus8oregion 52a is fornmed under the

side wall 50 togp¥eusda 2BgibR o' dChbipolat element,| tthiere byedimmning

enbodi nent, l.ike the first enbodi- nent, in MOSFET it is also possible to
obtdin a buri edopeaihgst int aughttee oixidehifdlmofl bPbesbuxdied cantagtded.

Both the n[err]-type emtter diffused region 62 and the first n[err]-type
contact dif f usedtragture2Zorminge regdome @ngy anhemd&kert dififusad, and the
nferr]-type collec- tor diffused region 66 and the second contact diffused
regi on 24 are fuvegédnbformingaregienendysifeymingya polycrystalline

-24- sinmplifying the nanufacturing process of a sem - cqnductor device.
Enbodi ment 3: siliconl tayershowshe sddicorasubstantene ibhrtheMQSe

first enbodi nent. . . .
element forming region unmasked, and by doping an im-

purity of a small diffusion constant via the openings;
(c) etching the polycrystalline silicon layer.Fo
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.



MOSFET 400 of this enbodinent 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 forned by extending the end of the source/drain

el ectrode 40 of the polycrystalline s314con |ayer, coveri.ng the gate oxide

film14. The cover portion 4 gats the silicon layer of the
first enbodi nent from being formed &FF??% Eol-
substrate 10 is not exposed during.etchjng. Therefore, no | eak current

caused on the diffused |ayer due to the holl ow 18. For this
purpose, a masking fil mggydconBibioR DEvrée Ay ME®™ioy 16 at a cover
portion formng region during etching (FIG 4C). FIG 8 shows a

Bi - MOS el enent simlar to ig¥e Minurddivcieerde gaMge second enbodi nent,
which the structure of MOSFET 400 is used. The Bi-MOS elenent of this

46 i s forned. In addition to the above-i tified advantages as
attai ned by thedving. ansusteandonthoti strustubffs- The buried contact

structure includes a first contact diffused region¢§§9
formed by diffusion from a polycrystalline silicon
layer and a second contact diffused regiog?%ormed by
diffusion deeper than the first contact diffused
region, so that a parasitic resistance of the MOS éle-
- ment can be reduced. In a composite element composed
of the MOS element and a bipolar element, partly since
the first contact diffused region and an emitter dif-
fused region of the bipolar element can be formed si-
multaneously, and partly since the depth ochonnection
of the emitter diffused region, with the parasitic
resistance of the MOS element being reduced, it is

possible to realize a high-speed operation.

Fig.1.

| ow 18, since the silicon
i's

to

enbodi nent is identicl sehibohbactor EeGick inexudphgt AaMoshelement (80/i on



-25- FET and Bi - MOXS el enents of this enbodi nent can offer an advantage
that the cover portion 46 serves to as-" sist in preventing the |eak
current in the diffused |l|ayer which | eak current m ght be caused by
etching. Therefore, it-is. possible ndf'%wny'to prevent the |eak current
in the buried contact structure but also.to prevent the subthreashol d
characterics of MOSFET from being deteriorated. Al t hough certain
preferred enbodi nents have been sho ngadesgri bed, it should be
understood that nmany changes and nnggﬁ? Lo may be made therein wthout
departing fromthe scope of the appended clains. For exanple, this

i nvention is also applicable to p-n-p bipolar el enents and/ or p-channel
MOS el enents as well as the n-ch4@nel MOSFET_as a MOS elgﬂént and n-p-n
bi pol ar transistor as the bigﬁiar el enent . 3 CLAh&B:

80 90 )sy  42p
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1. A sem conductor device conprising: (a) a sem conductor
substrate; (b) an MOS el enent forned on a main surface of said
sem conduct or substrate and having a buried con- tact structure; and
(c) ~said buried contact structure incluiifg-a first. contact diffused -
region formed by diffusion from a polycrystalline silicon |ayer, and a
second diffused region fornmed by diffusion deeper than said first con-

tact® diffused region. . 2. A senlcondu devi ce according to claim
1, wherein said MOS elenment is a eﬂizﬂs transi stor. : 3. A
sem conduct or device according to cIa|n11 erein said MOS elenment is a
p-channel MOS transistor. 4. A sem conductor device according to

claim1l1, wherein said polycnystallinejsilicon | gayer constttutes a :

source/drain el ectrode. ‘ 5. A nmefhod of malufacturinlg a sem conduct or

devi ce, conprising the steps of: (a) formng a second contact

di ffused region by fornn m and oqkqe filmon a
a - -

ie OXIde fil
silicon substrate and then ng PO 0

12 | 14 - Lo

112

|12

22 410




| arge diffusion constant to a buried contact struc-
-27- ture form ng region; (b) formng a first contact diffused
region by formng openings in the gate g)fj?,de film formng a
pol ycrystalline silicon | ayer on the si.licon substrate and then doping an
impurity of a small diffusion con- Ft-ir&to buri ed contact structure
form ng region via the openings; c) i ng the polycrystalline
sili‘con layer to forma gate plectrode|jand a soufce/drain |el ectrode; and
(d) -doping an inpurity to for a.source*drai n dillrfused recgy on. 6. A
sem conductor device according tpgqcl 3o fg WBpein said source/drain

th

el ectrode is forned, sinmul- tanepusl formng a gate el ectrode, by
formng said polycrystallipe SI | fayer etching the sane. 7.
A seni conductor device conp{/g , Lo
22 14 524 o
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(a) a sem conductor substrate; (b) a bipolar elenment forned on a main
surface of said sem conductor substrate; (c) an MOS el enent forned
on the main surface of said sem conductor substrate and having a buried
con~ tact structure; (d) an enig%ﬁ; el ectrode of said bipolar

el ement and a source/drain el ectrode of ‘said MOS el enent being

-28- in the formof a single.polycrystalline silicon |ayer; (e) said
buri‘ed contact structure of said MOS elenment including a first contact
diffused region formed by inpurity diffusion fromsaid pol ycrystalline
silicon layer and a second contact diffused region fornmed by diffusion
deeper than said first contact™ diffused region; and (f) an emtter
di ffused region of said bipolar elenent and said first contact diffused
region being fornmed by inpurity diffusion fromsaid polycrystalline
sil'icon | ayer. - 8. A sem conductor device according to claim?7,

FIG. 5
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wherein said sem conductor substrate is a silicon sub- strate, said MOS
element is a MOS transistor forned in a well, and said bipolar elenent is
a bipolar transistor forned in a well. 9. A seni conductor device
according to claiml or 7., wherein sai?EZ#xst cont act. di ffused- regi on has
a depth of diffusion of 0.1 to 0.3 [err and said second contact

di ffused region has a depth of diffusion of 0.5 to 0.8 [err]m 10. A
sem conduct or device according to claim1 or 7, wherein said first contact
diffused region is fornmed by dopj ZEse ' 6naving a small diffusion con-
stant and said second constant di S -rggf is forméd by doping
phosphorous having a | arge diffusion ' -
const ant. 11. A sem conductor device according to claiml or 7,
wherein said polycrystalline silicon,|ayer to be connected to,said buried
contact structure has a covir portibn formegq to exte%d over a*gqﬁg oxi de
film of :

{ 22 nat { e H3 116

- : 10a
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said MOS el enent so as to cover a gap between said gate oxide film and
said polycrystalline silicon |ayer. 12. A sem conductor device
according to claiml or 7, wherein offs .?regions are fornmed in both a
con-* necting portion between a gate el édtrode and a source/drain diffused
regipn and a connecting portion between said first and second diffused

regions of said buried contact s cllUre _so.as to provide an LDD
structure. 13. A net hod ofﬁé{ac@ﬁg a sem conductor device,
conprising the steps of: (a) form ng a second contact diffused

region and a collectpygliffused regjon by orl@snggﬁv\elé aph then a field
oxide filmand a gateyo “-;BI Ny silicpn ubs t\'dat an hen doping a
e
|

impurity of a large ron gonstant to Bre
form ng region an I or used ' ~ (b)
formng a first co ' ) | on by
doping inpurity, }u tfhe ntS2a@ ni n§ region masked, t @ a
base SR 1 1 7
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-30- diffused region to a bipolar elenent, then by formng openings in a
gate oxide filmof the buried contact structure form ng region and an
emtter diffused region formng region, by formng a polycrystalline
silkcon | ayer on the silicon substrate, Jyth the MOS elenent formng-
regi on unmasked, and by doping an im ﬁﬁﬁ%ty of a small diffusion constant

vi a’t he openi ngs; (c) etching the polycrystalline silicon |ayer to
forma gate el ectrode and a source/drain electrode of the MOS el enent and
an emtter electrode of the ‘bipolar elenent; and (d) doping an

impurity, with a bipolar elenent f ' regspon masked, to forma
source/drain diffused region. IéF)md;% ?’0
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