tion relates to a sem conductor device and to a process for

icating such a sem - conductor device. In a semconductor device in ¢
which MS field- 5 effect transistors (M SFETS) are used as circuit
conponents, it has been proposed to copnect directly a polysilicon gate and
a source or drain region doped wth an"inpurity, in each ofﬁ?};gfgrgap t he
M SFETS. In the construction shown in Fig. 1 of the acconpa ng
10 for exanple, a polysilicon gate 2 of an n-channel MOSFET QL forned over
a sem conduct or sSubstgEMECONDUCTOR ADERTCECAND aEABRICATROPOrti on of a source
or drain region 3 of an n-channel MOSFET [err]. In order to effect this
direct contact, a contact hol e PROCES® 'BHERE®Fpart of an 15 insul ating
film4 over, for exanple, the source region of MOSFET (2' and the source
region 3 is doped with an n-type inpurity to a hi gh concentration through
this hole to forman n -type contact region 6, to which the gate 2 of the
ot her. n-channel NCSﬂ@F(EF?%?W?\%ﬁY%%FleBnF%E?te%0t° a semieppducthE

t act . f d by diff liable to b
oLt o B R £ AL s S CRLLPLLdn £ hpEFE 1"
likely to occg{;né)l?&\:/\,gzendé‘pl D-type MOSFET [err] and '

In a semiconductor device in which MIS field-

é§§§§47 SEM CONDUCTOR DEVI CE AND FABRI CATI ON PROCESS THERECF The present

5 effect transistors (MISFETS) are used as circuit

components, it has been proposed to connect directly a
polysilicon gate and a source or drain region doped with
an impurity, in each of or between the MISFETS. 1In the
construction shoﬁn in Fig. 1 of the accompanying drawings,

10 for example, a polysilicon gate 2 of én n-channel MOSFET
Q, formed over a semiconéuctor-substrate 1 is in direct
contact with a portioh of a source or drain region 3 of
an n-channel MOSFET Q. 1In order fo effect this direct
contact, a contact hole 5 is formed in part of an

(% 15 insulating film 4 over, for example, the source region (

of MOSFET Q2’ and the source region 3 is doped with an
n-type impurity to a high—concentration'through this hole
-to form an n+-type contact region 6, to which the gate 2
of ﬁhe other n-channel MOSFET Q, is in direct contact.

20 Since the cohtact region 6 is formed by
diffusion, its depth Xj is liable to be‘greater than
that of the source region 3. As a result, a leak Xy

is likely to occur between the n-type MOSFET Q1 and



2 the contact region 6 which are arranged so that a field oxide film?7 is o
i nserted between them and a leak [err] is likely to occur because of e.g.z4"
a dfop~fn Vth, between the contact region 6 and a drain region 9. It is
considered 5 that those | eaks are the cause of deterioration of the
characteristics of these transistors. It is thought that in order to
prevent these |eaks, both the space a between the contact region 6 and a
channel portion 8 and the width b of the field-insulating film7 10 should

be increased. To QHQVbQHtHBEKré’@I&A N6 whHidH G A& ArinERld @ Q.fhatth% QQ@tl@Ct
region 6, noreover, it 1Is neces- sary to make the dirnensions a and

| arger. These reSbleae EL 0iAS7 ODs t hesélt tRN PedWesh amkn) ialdeqe Lk x is
"scal e-down", i.e. the mniaturisation, of the elenents, raising thé 15

problen1that a hi yhkedgrte- oécﬁntbgpauSQNDﬁsaxﬁifa(ﬂndp ﬁm dghievetveea the
present invention seeks to provide a_device in which the contact region
between e.g. a poF?gr—PFéoF\e@a@é NG cinaia giedhon P -of I& fliselc@nsfi led

transi st or doe not 20 suffer the defects of the prjor art cqntacts.
onove Thi 098 [Phaf sBhet Lebls 50 hS dinre Al drber o ot B s

AR S et e A o R T L AR
region thereof; b) a pokysili£RBudRY Sfhatirfbrdder® 1R ER Vet 18d8 0N eaks,
both the space a betweén the contact region 6 and a chanhel_
A | .. portion 8 and the width b of the field-insulating film 7 -
10 should be increased. To provide mask margins during the
formation of the contact region 6, moreover, it is neces-
sary to make the dimensions a and b larger. These restric-
tions on the dimensions a and b impede the “scale-down",
i.e. the miniaturisation, of the elements, raising the
15 problem that a high degree of integration is difficult to
achieve;
The present invention'seeks to provide a device in
which the contact region between e.g. a polysilicon gate and
a source or drain of a field effect transistor does not
20 guffer the defects of the prior art contacts.
| To achieve this, a first aspect of the invention
provides a semiconductor device comprising:
a) a semiconductor substrate having a first impurity
doped region which is 'a source or drain region of a MISFET
25 jin a surface region thereof; |
. b) a polysilicon layer, which is a gate electrode of

the or another MISFET, over the semiconductor substrate; and
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the or another M SFET, over the sem conductor substrate; and 3¢c) a-
aI silicide layer extending fromthe first inpurity doped region to.the .
JnyS|I|con | ayer directly to connect electrlcally the first inpurity gpped.
regi oan and the polysilicon |ayer, the metal silicide |ayer extendlng onto 5
the surface of the polysilicon layer furthest fromthe substrate. "Such an
arrangenent nay have the further advantage that the reliability of the
contacts is inproved. The netal sili éi de | ayer contacts conponents of the

10 devi ce, which conponen rt of the em - conduct or
ol eront . or may 5 PaBeH GLoE BPoRENES, SthEnALGS LE ol Pt ffrﬁ;hr.ty |
b e oA EIR SUIBHT 8L REORLDR.E  fon " 0L 81 e 71db o0l o)

Accor di ng tc%n%e%%c%'l@c%%i%%tll?f t‘thf'l?!?:”E ?Gri@?r&oﬂ:éd PEQY] &8 dady PERCESS

of fabricating a sem conductof device, conprising the stepsS of: a) formng

at | east opR1MsIREEM laRerserheonddalosiderias, 1aper adxte&m@ingnentd SFET
including an inpurity doped 20 region as a source or drain region in a

sur f ace5r egihen sofr faceemifc theuppdyssilisbnafleyendferpéysi frannthayer as a
gate el ectrode extendi ng over the sem conductor substrate; b) formng a
netal | ayesubgtratetal which fornms a

Such an arrangement may have the further advantage
that the reliability of the contacts is improved.
The metal siiicide layer contacts components of the- v/

10 device, which components may be part of the same semi-
conductor element, or may-bé two different elements. One
may be a first impurity region in a semiconductor substrate
{forming e.g. a source or drain region) with the other a
polysilicon layer (forming e.g. a gate).

15 According to a second aspect of the invention there is
provided a process of fabricating a semiconductor device,
comprising_the steps of:

a) forming at leasﬁ one MISFET of the semiconductor J
device, the at least one MISFET including an impurity doped a

20 region as a source or drain region in a surface region of a
semiconductor substrate and a polysilicon layer as a gaté
electrode extending over the semiao;;ﬁator substrate;

b) forming a métal layer, of a metal which forms a
silicide, continuously extending from the polysilicon layer

25 to the impurity doped region; and

c) selectively turning the metal layer into the

silicide thereof to form a metal silicide layer over the



silicirde, continuously extending fromthe polysilicon layer 25 to the -
i npupity doped region; and c) selectively turning the netal |ayer into thegé "
S|fregde thereof to forma netal silicide |ayer over the 3a polysilig
| ayer and the inpurity doped region. By formng a metal film turning it
into its silicide and then rempving residual metal, after the renoval of
the side walls of the polysilicon, noreover, the polysilicon and 5 the

i npurity-doped region may be connected by tﬁe nmet al silicide Enbodi nent s

of the inventi on élf? 011961%5 dr‘i’P‘?%g q‘?%nllte’h%fg%y eoéarrpl e, with

reference to theP ac anyl raw ngs igure 1 is a
section through the CO@§tfé¥ﬁ16§‘éﬁmétéi”ﬁﬁ¥ﬁ'(HhﬂNYdHWlQa%nQ%ﬁEtErQQQiégde
prior to the -4- present invention and has al ready been descri bed

Figure 2 is a seghdofhéhr ey indlardLiealal ngetalf, Iafteanod Femoval blfethe
present invention; Figure 3 is a top plan view of the enbodi nent 5 of

Fi gure 2; side walls of the polysilicon, moreover, the polysilicon and

5 the impurity-doped region may be connected by the metal
_5111c1de._ |
Embodlments of the invention will now be described in
detail, by way of example, with reference to the accom-
— panying drawings, iﬁ which: | .
10 Figure 1 is a section through thé construction of a

connection which has been proposed prior to the



qure 4 is a CIrCUIt di agram of the enbodi ment of Figure 2; Figures 5(A)
‘(F) are sectional views illustrating the steps in the fabrlcatlon
prBless of 10 the first embodinent; Figure 6 is a section through a deyreet
bei ng a second enbodi ment of the present i nvent i on; Figure 7 is a top plan’
vi ew of the second enbodi ment of FiLggre 6; and 15 Figures 8(A) to
(D) are sections illustrating steps in the fabrication process of the
second enbodi nent. Figures 2 to 4 show one enbodi nent of a sem - conductor
device of the present invention. As shown 20 in Figures 2 and 3,

n- channel M@xFésSé&nAinmventiBoarandrhasgalireadyibéen adesesibedeach ot her on
the main surface of a p-type sem conductor substrate 11, for exanple, and
are isolated by a fFeguren uiatange¢tiﬂn12hrqu#{a'@pvhes bepogysilicon
gate 14 fornmed_on 25 a gate:insulating film 13, and source and drain -5- -
regi ons 15 Whl%hrﬁFeeHB%@HmﬁﬂPh°§nthet95%5?ﬂ%u¥$Y?nt¥%% ot her MOSFET, QB

simlarly has a polysilico ate 6_and_sour ce- d nr ops 17, One end
ot on dan of 't ho Fioyts P L8 8 fep (0TeR Visriat e SibSdineit

5 of Figure 2;

Figure 4 is a circuit diagram of the embodiment
of Figure 2; | |
Figures 5(A) to 5(F) are sectional views
illustrating the steps in the fabricaﬁion process of
10 the first embodiment;
Figure 6 is a section through a device being
a second embodiment of the present invention;
Figure 7 is a top plan view of the second
embodiment of Figure 6; and
15 Figures 8(A) to (D) are sections illustrating
steps in the fabrication process of the second
embodiment.
Figures 2 to 4 show one embodiment of a semi- N
conductor device of the present ihvention. As shown
20 in Figures 2 and 3, n-channel MOSFETS QA and QB are
arranged at right angles to each other on the main
surface of a p-type semiconductor substrate 11, for
example, and are isolated by a field insulating film
12. MOSFET QA has a polysilicon gate 14 formed on

25 a gate-insulating film 13, and source and drain



5 extend over one of the source-drain regions 17 of MOSFET [err], and_k
compected to that source or drain region 17. Mre specifically, an eng?
-6iportion of the polysilicon gate 14 is arranged over the source or
region 17. One portion of a side wall 21, of silicon oxide, on the sidéof
the poly- silicon gate has been renovedsby, e.g., a process to 5 form an
opening 18 to the source or .drain region 17 of MOSFET B The el ectri cal
connection between the source or drain region 17 and the polysilicon gate
14 is effected by netal silicide |ayers 19 and 20 which are fornmed so as to
extend from t heegicdngcd owhilgh ager doped WiihnaRonr&EYPEnIPPUEIEY -t he upper

of i1 con o (B SeSF M im0 FPIIAELY BESch PALYEIOEPRG
Conttruct i on's G4 i A0 GoRTHAT AP B8 LPESad ThaP EnBA PRCERBEr e 4. A
For med on the. deT S GO Thg BReE 1T B psretal Ba e or °
fabricatinggt h%’&%ﬁ;‘e (%H%sgﬁé)#g Wehirda irlali nN@Wghende3gr bleed with

reference tdo 2 First of all, the field-insulating
filmiz MOSFET Q,, and is connected to that source or drain

region 17. More specifically, an end
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and the gate-insulating film13 (200 A), made of silicon oxide are formed on
Yyai n surface of the p-type sem conductor substrate 11, e.g., of sili corl
fown in Figure 5(A), -25 and the polysilicon.gates 14 and 16 are forwéd
thereon by the deposition and patterning (or etchlng) of poly- sili.con.

“ The n-type inpurity ions are thenlwnﬁenned by -7- a self-alignnment
method into the main surface of the sem conductor substrate 11, to formthe
source and drain regions 15 and 17. This forns the two MOSFETs [err] and

[err]. 5 t S )i g S £§§F verfilm 21A
.and 22A (ZOOPTzétr'%T?I\EFetha S%éri%@e%%efign’d' sélic-i* ?aces of the

polysilicon gpiegodfcanérl@rfint Regitin @9 dalowd poreidn OF a §sdeafter an
[err] film( 0O - 5000 [err]) has 'been forned over the whole sur?ace by a

CVD net hod, gg1$heIy) oF Emgeex%@me o thé §RI0\GE he 'pETyL Ve ion
et chi ng (RIE) or a simlar nethod, from t he upper surfaces of” t he

polysilicon gaigesonigate ﬂ:ﬁsabéefﬂmmcs ,ceé.a? % ¢égg ofs. During
rom e

this time, the silicon oxide filmis not renoved sides of the
pol ysi | i gpn g@i—gSgﬁélo?eﬂiihQ 180 £25 tHeowoudie Tl raln rddiondlPos Wih
regard to formation of the side walls, note Tsang, et al. Fabri cation of

Hi gh- Per f or nMOSEETDREET' TheV eleGtrdeal Mécﬂmtﬁieﬁt&émd@ﬁouréﬂ EEE
Transacti ons on El ectron Devi ces,

or drain region 17 and the polysilicon gate 14 is effected

by metal silicide layers 19 and 20 which are formed so
as to extend from the surface of the source or drain
10 region 17 over the upper and side surfaces of the poly-
8ilicon gate 14. Side walls 21 and 22 made of silicon
oxide (5i0,) are formed over the side surfaces of the
polysilicon gates 14 and 16, except for the contact. The
device of this construction is formed into a circuit such
15 a5 that shown in Figure 4. A metal silicide layer 23
connected to an element outside the figure is formea on’
the upper face of the polysilicon gate 16.
The process of fabricating the device of this
construction will now be described with reference to
20 Figures S5(A) to (F).
First of all, the field-insulating £ilm 12
and the gate-insulating éfﬂ? 13) made of silicon oxide are
formed on the main surface of the p-type semiconductor
substrate 11, e.g., of silicon as shown in Figure 5(a),
25 and the polysilicon gates 14 and 16 are formed thereon
by the deposition and patterning (or etching) of poly-

silicon. The n-type impurity ions are then implanted hv



Vblu ED-29, No. 4 (April 1982), pages 590-6, the contents 20 of which f& ..
incorporated herein by reference. As shown in Figure 5(D), parts of thg
§|dé wal I's 21 and 22 are al so subjected to selective wet- etching to etc

a "the sidé walls where wiring will be required using aresist filmas a
mask. In this enbodiment, the part thug cenoved is a portion of the side
wali 21 25 of the polysilicon gate 14 of MOSFET [err]. The side wall 21

of the polysilicon gate 14 is etched to formthe connection opening 18 for
the*silicon gate 14 and t he source or drain region 17. v%lle t he opening

ke i
aﬁgttherl ng ovehr' %t%ﬁr%€gggegghﬁ1 ﬁeltﬁrml g‘&r 5(70%[“?”]) Iy

10
e Chow i Fi diradm dseidts Fs eR8% 7,  PabTR orhs) $he 93 woehy o

1000 - 2000 [er ])anfdsorned over the portion at which the netal | ayer 24
and the silico bntact, i.e., the upper surface of t he polysilicon
gate 16, partially over upper nS olysilicon
gate 14, and over the s&%?ﬁt & ﬁﬁéwg ?q ury’ fset%@§p |VSV€ The net al
silicide |ayer gy 'f?’?h 5§f t&ﬁa‘ssﬁm%%%ﬁ.eaf oviE &@Jey%pyemnaate 14,
in partlcular connec . \by_thermal oxidation et silicon, -
side surfaces of the polys;licon gates 14 and 16r

_ ( fooo — 5000 A)

U/ The, after en slo2 £ilmYhas been formed over the whole

surface by a CVD method, as shown ln Figure 5(C), lg
10 is removed by reactive 155 etching (ﬁlE); or a similar
" method, from ehe cpper surfaces of the polysilicon gates
14 and 16 and from the source and drain regions.
Durihg this'time; the.siliccn exide £ilm is not removed
~ from the sides cf the.polysllicon gates 14 and 16, to
15 form the side walls 21';55 22, With regard to formation
of the side walls, note Tsang, et al., 'Fabrlcatzon of
W H;gh-?erfcrmance LDDFET‘s With Oxide Sidewell-SPacer
Technology_, in IEEE Trensacticns on Electron Devices,
' Vol. ED-29, No. 4 (april '.1_932)_. pages 590-6, the contents
20 of which is 1nccrporeted ﬁerein by reference. As shown
in rigure 5(D), parts of the side walls 21 and 22 are

Cawet,
slso subjected to selective etching to etch away the side

. . (USIng- & vesist film as a mesk,
walls where wiring will be required In this embodiment,

 the part ghus removed_is a portion of the side wall 21

25 of the polysilicon gate 14 of MOSFET Q,. The side wall



insulating film213 is interposed between the polysilicon gate 14 and

ource or drain region 17, but the nmetal siljcide |ayers formed ovek#~ '
t.hese two parts are brought into coangction Wwith each other by a brjdge
action in which they protrude to provide a connec- 25 tion. Thus, the
nmetal silicide can be forned in self- alignment with the side wall 21 and
the field oxizle af;thetpolysisicon gateold The etched|tgcfermrehe hen et ched
so that the netal |ayer 24 which was not turned into the silicide is etched
of f to | eave Gonnection opening 18,£6x 2139 ablicon getesléand thenpl eting
the con- 5 struction shown in Figure 2. During this tinme, a mask can be

used, fornmed WCQWW% W%‘?’bn”to thilte the cpening 8 imec netal

over that portion, so that such lon, if_n d fo t nnection at
the bri dge pc?-ﬁ*% £ %e the %’eﬁ&%t% h%fgb gleang Bite 14 and
the sourc e ing to t sem cond of device with

t he const ctri"giyﬁg%%? é?)o}/é\‘a?*‘ghng?%?’ {SP? PRRPIRY i é; ep can be
utilized unch%%g %fal i ze a direct contact between the polysilicon gate
14 and the 1% ? drain region 17 by the nmetal silicide. Because

In addit:l.cn, as shown in Figure S5(E), a metal

si!?con gate 14 and the source or drain region 17 directly. 20 The
t

by szm--ter-mi:,
such as mclyhdem:m (Mo) or the like is deposited over
(50048 ) _
the whole su:face to form a metal layer 24y which is . <

n N as
10 then subjected to a heat treatmenty Xs a result, as

shown in Figure S(F). metal silicide layers 23, 19, 20 and
%% the portion at which the metal layer
24 and the siliccn are in contact, i.e., the upper surface
of the polysilicon gate 16, partially over the upper
15 and side sutfaces of the polysilicon gate 14, and over
the source and drain xegiocs 17, respectively. The
metal silicide layer 20 fcrmed over the side surfaces of
the polysilicon gate 14, in particular, connect the poly-
silicon gate 14 and the source or drain region 17 directly.
20 The gate-insulating £ilm 13 is interposed between the
polysilicon gate 14 An& "the source or drain region 17,
but the metal silicide layers formed over these two
parts are brought into connection with each cther_by a
bridge action in which they protrude to prcvide a connec-
25 tion. Thus, the metal"cilicide can be formed in self-
alignment with the side wall 21 and the field oxide
12; note Figure 3. | .. |
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of the connection by the netal silicide |ayers 19 and 20, noreover, the . -

connection resistance is low and the reliability is high. The contact PR
regiQu is made redundant, and 20 can be elinminated, to elinmnate the ,_
danger: of deteriora- tion of the characteristics due to | eaks between thd
MOSFETs and t he channel portions. As a-reselt, as shown in Figure 2, the
dinmension [err] (0.3 [err])between the opening 18 and the gate 16 and t he
di mensi on he field insulating 25 film 12 can both be reduced, to
effect a high degree of integration of the elements. =~ Figures 6 and 7

ate §2°2Peén§”bw%%k2$”f eﬁ’wfqet e $af Chxets oarec Ehyn: Beiedosd BRake ool n
rotal i1 i de ERgomeRAL A rzsﬁ%v#?’vﬁ% aSepas ERERes SEERT kBRI |, Yo
f°'g§tLCZo| Si%?tjieiqm Fried et B AMe. ”ﬁn‘ﬂﬁieépgﬁkaﬁtﬁfgf?g‘””
Lerr] I)L)lthm!ssdfam f#f?ef%/%‘frﬁ%ﬁsziﬁﬁf“ %gﬁgégggﬁff ERh g‘?‘dae wal | 's
Lpper surfack e ttjb% e I:g‘*f:éé’@ﬁé’b BErihgCeRls’ 8068, 2R0nhER

can be used, formed over the bridge portion, to block

the etching of the metal over that portion, so that
e | such portion, if needed for the connection at the
bridge portion, may be retained between the polysilicon
10 gate 14 and thé source or drain region 17.
According to the semiconductor device with
the construction described above, the metal silicide
wiring step can be utilized unchanged to realize a
direct contact between the polysilicon gate 14 and the
.15 source or‘dxain region 17 by the metal silicide. Because
._of'the connection by the metal silicide layers 19 and
LJ 20, moreover, the connection resistance is low and the
| reliability is high.
' The contact region is made redundant, and
20 cahnbe eliminated, to eliminate the danger of deteriora-
tion of the characteristics due to leaks between the
MOSFETs and the -channel portions. As a result, as shown
(0.34m)
in Figure 2, the dimension“izYSE€$een the opening 18 and
the gate 16 and the dimension.%+¢2¥)the field insulating
25 £ilm 12 can both be reduced, to effect a high degree of

integration of the elements.



rem e e ¥

15 One side wall 37 of the polysilicon gate 34 is et ched away

t_]rough an opening, as shown in Figure 8(C). As further shown in Figure.

. ngD,_the silicon oxide filmon the upper surface of the polysilicon gat®
34 and on the side wall 37 etched away has al so been renoved, 20 .e.g., by
RIE. In addition, as shown in Figurelﬁ(D), a netal layer 39 is forned over
the whole surface and is turned into its silicide, e.g., by heat treatnent
to formthe netal silicide |ayer 36. extending over the source region 35a to
one side surface and Figuresecé andfIcehow mnothmlyy -entodinentopfygate 34. The
netal |layer is etched away to | eave the netal silicide [ayer 36, and form
the sem condile presentnihvention,sinwhich-iaypodysd ldobry gatien 34 t he
contact region can be omtted in the present enbodi nent as well,
char act eri stgf ottt MOSFET Qj.0oLsceonhectedy dixedttly itec osms©f lsource~
reliability, 5 and facilitale the flabrication. Since the contact region can
be onmitted Wdraimzegitmsdabgel.ef,dat soumce iregion b dot ghestics due to
| eaks, noreover, no nmasking margi n need be consi dered.when determ ning the
di mensi ofis ¢iresentreenbodinentdebyoal mpseligidiclideidayrr 364 hat the
di mensi ons can be reduced to enable miniaturization of the elenents. As can
be appreciated from the sheefoingFignze B8(A), more specifically,

the polysilicon gate 34 is formed on a p-type semi-
conductor substrate 31 over a gate-insulating film 33,
and is then doped with an n-type impurity to form the

10 source-drain regions 35. As showﬂ'in Figure 8(B),
after a sio, film is formed by the CVD method, a sili-
con oxide film (side walls 37 at both sides) 37A is then
formed on both the side surfaces and the upper surface
of the polysilicon gate 34. |

15 _ One side wall 37 of the poly#ilicon gate- 34 is
gtched away through an opening, as shown in Figure B(C)._'
As_further shown in Figure B8(C), the silicon oxide film
on the upper surface of the polysilicqﬁ gate 34 and on
the side wall 37 etched away has also been removed,

20 e.g., by RIE. In addition, as shown in Figure 8(D), a
metal layer 39 is formed over the whole surface and is
‘turned into its silicide, e.g., by heat treatment to form
the metal_siliciae'laye:_sstextending.over the source region
35a to one side surface and the upper surface of the poly-

25 silicon gate 34.

The metal layer is etched away to leave the

metal silicide layer 36, and form the semiconductor
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foll owi ng beneficial and advantageous results are obtained through use of =
t he present invention: 15 (1) After the side walls of the
pol ysidl i con gates are renoved, the netal silicide is formed over the P~
pol ysilicon gate and the source or draipiregion to provide connection
t herebetween. As a result, the contact region, which is necessary in the
prior art, 20 can be omtted to renove the deterioration of charac-
teristics due tonbembetion tshmwm dn glguresi &badcdn- nection structure
can be"obtained. (2) Because the contact region is not necessary, |eaks
bet ween t he MOSFETs and Simeecthth@onkact onegdonnsarede mttezoinmhethe
di nensi ons of the opening over the source or drain region and of the '
field-insul ati pgesenht addment A% wehlbl charactenistda deterioraf the
12 elements to provide -a high degree of.integration. (3) Since the netal
silicide stepstébnt sanpbeopreventad ko inerensesthe geldabilitynay the
side walls of the polysilicon gate, can be used al nost unchanged, the
process 5 Scanapd Spgiliitiate t & &abricationnri cation. (4) Since there is
no necessity for a contact region, the source,and drain regjons_can be nmade
shal lower to suit them BdncesHhe SRRFAGE t FEGARN F&D Rec AMIHEeR st eamove

descri bed above in : _ . .
the danger of deterioration of characteristics due to

leaks, moreover, no masking margin need be considered
N ‘when determining the dimensions of the metal silicide

10 layer 36 of Figure 7, so that the dimensions can be
reduced to enable miniatu:ization of the elements.
| | As can be appreci#ﬁed from the foregoing, the
following beneficial and advant#gebus results are

. obtained th:ougﬁ use of the.present invention:
15 | (1) After the side walls of the polysilicon
. gates are removed, the metal silicide is formed over
the polysilicon gate and the ‘source or drain region:to
U  provide connection therebetween. As a result, the |
contact region, which is'necessary in the prior art,

20 can be omitted to remove the deterioration of charac-
teristics due to leaks, so that a highly Treliable con-
nection structure can be obtained. |

(2) Because the contact region is not necessary,
leaks between the MOSFETs and the channel pottioqs do not

25 ocecur, so that the dimensions of'the opening over the
source or drain regibn and of the field-insulating film

can be reduced, enabling the miniaturization of the



di ments. For exanple, the netal of the nmetal silicide need not be _

‘ted to M alone; platinum(Pt), tungsten (W, titanium(Ti) or t ant alamn?
(Ta) can be used therefor. Mreover, the silicide pattern may be 15 changed
as required, in accordance with the circuit. The present invention also has
application in applying lightly doped Drain/Source Field Effect Transistor
(LDDFET) structure to switching MOSBETs of nenory cells of-a DRAM or a
SRAM 20 VWi | e various enbodi ments in accordance with the present
i nventi on havgeherBsdesCprbeidei & hoghnd@GBé®OSE thrdedieridvention i s not
limted to those enbodi nents, but is susceptible of nunerous changes and
nodi fications as kidwnStiocéhtbe sé&tdlesilicide steps of Ih&lgd B drt, A
sem conduct or device conprising: a) a sem conductor substrate having a
first inpuri pyhéépébapegﬁénsmpcﬂfl%tfahlsmr%‘eabrt%ﬁ a8 ¢ i biks #f atfm SFET 5
in a surface region thereof; b S|I|con | ayer, which is a
el ectrode of PPR¥SHLiSRBL HAFEM éFETg ovged tﬁ%‘“%%?n‘t‘b?mfbﬁ%‘? SthRt %?%essand

Do, SEahChaC bAEREeF¥hcEY. Pl LELDebERLaLmir 1Y doved region Lo

(4) Since there is no necessity for a contact region,

¢
@onnection with enmbodi nents thereof, it should not be limted to these . !
I

the source and drain'regions can be made shallower to suit
them for "scale-down".
Although the invention has been described above in

10 connection with embodiments ﬁhereof, it should not be
limited to these embodiments.: For'éxample, the metal of the
metal silicidé need not be.limited'to Mo alone; platinum
(Pt), tungsten (W), titanium (Ti) or tantalum (Ta) can be
used therefor. Moreover, the silicide pattern may.be

15 changed as required, in accordance with the circuit. The
present invention also has application in applying lightly
doped Drain/Source Field Effect Transistor (LDDFET)
structure to switching MOSFETs of memory cells of a DRAM or ';;
a SRAM.

20 While various embodiments in accordance with the
present invention have been described, it is understood that
the invention is not limited to those embodiménts, but is
susceptiblé of numerous changes and mpdifications as known

to those skilled in the art.



}
10 connect electrically the first inpurity doped region and the ponS|I|can\

layer, the netal silicide layer extending onto Lh§_§gil§92_91_£ﬂg_t ,
polyagllcon | ayer furthest fromthe sub- strate A sem conduct or

devi ce according to claim1, wherein 15 the pol yﬁ”"ﬁm(lm the first

i npurity doped region overlap and are separated ﬂﬂﬂ" y an

i nsul.ating | ayer on the sem conductor subdtrate. 3. ¢ 'A ¥eniconductor
device according to claim1 or claim2, further conprising: 20 d a
field oxide fil nnuarMde sem conduct or substrate e) athininsulator film
on the senm conductor sub- strate; and f) a-side wall of insulator material

at the sides of lthe pd m!ﬂum@\ﬂca:y:e‘r devxcept cboprpsingons of the sides in

25 contact with the netal silicide l.ayer; wherein the polysilicon |layer is
on said thin insul ator)id MmEEHE AWRCEOE| gubstgate Pﬂ?lﬂﬁe?eﬁhr@{al HPQF 5y

R N e C
e ot i A e e (he o vell B
first inpurity doped rkﬁg'ao'bdlirsa.r.lsi@érnCQayer, which is a gate electrode of
the or another MISFET}IOQef the semiconductor substrate; and
c) a metai silicide layer extending from the first
o ' impurity doped region to the polysilicoh'léyer directly to
10 connect electrically the first impurity doped region and the
polysilicbn layer, the metal silicide léyer extending onto
the éurface.of the polysilicdnilayer furthest from the sub-
strate. _
2. A semicoriductor device éécording to claim 1, wherein
"15’ the pbiysiiicon layér and the first impurity dopéd region
overlap and are separated from each 6thef by an insuiating
layer on the semiconductor substrate.
3. A semiconductor device achrding to claim lﬁor claim
2, further cgmprising: |
20 d) a field oxide film on the semiconductor substrate;
e) a thin insulator film on the semicoﬁduétor sub-
stréﬁe:'and |
f£) a-side wall of insulator material at the sides of
- the polysilicon layer except for portions of the sides in
25 contact with the metal silicide layer;
wherein the polysilicon layer is on said thin

insulator film and the field oxide film; wherein said first



I
S

Oé%%&ain region of a first field effect transistor and the polysilicon

sem conduct or device substantially as herein d

o T S ) L N 1

and as illustrated in Figs. 2 to 15 5 or Figs.

dr awi ngs. A process of fabricating a sem conductor device, conprising

7.

€ acconpanyi ng

the steps of: a) formng at -l east one M SFET of the sem conductor device,
the at |east ;qpe MSFREJRCIeGiRG 313 Ileip%urfyad@gaﬁlezg #€8h0phaspa1$our ce

or drain regionin a surface regi on of a sem con

uctor substrate and a

pol ysilicon lsaaydlcons 1ay@at and atler dlelaxbaidengiamer ahewheneinntnet or

substr at

e;

b) formng a netal |ayer, of a netal which forns a silicide,

econd. -

e

is a gate electrode of a second field effect transistor. 10 5. ~ A
onduct or device according to claim4, wh

1

conti nuous| y mesttadndiiig cfidemlalyerpdisy dinl isedf —adygnm2btt withetheplieig doped

regi on;

and

c) selectively turning the nmetal layer into the silicide

t hereof to f&hde @@&m %ﬂq|hﬁqn§u &aldver the 15 polysilicon'layer and
égty doped re I Qcess accgﬁdlng toclaim?7 erein,
b C 8

the inmpu
after

10

15

20

25

por 4 l&Pr&%% BVLEC ACROEALNINE] AAY oOPReCki F121HR

1 to 3 wherein the first impurity doped region is a source
or drain region of a first field effgct transistor and the
_polysilicon layer is a gate e;ectrode of .a second field
effect transistor.

5. A semiconductor device according to claim 4, wherein
the first and second MOSFETs are subsﬁantially at right
angles to each other.

6. " A semicénductor device substantially as herein
described with reference to and as illustrated in Figs. 2 to
S or Figs. 6 to 8 of the accompanying drawings.

7. A process-éf fabricating a semiconductor device,
comprising the steps of:

a) forming at least one MISFET of the semiconductor
device, the at least one MISFET including an impurity doped
region as a source or drain region in a surface region of a
semiconductor substrate and a polysilicqn layer as a gate
electrode extending over the semiconductor substrate;

b) formlng a metal layer, of a metal which forms a
5111c1de, conulnuously extending from the polysilicon layer
to the impurity doped region; and

c) selectively turning the meta; layer into the

silicide thereof to form a metal silicide layer over the



are renmoved by etching. 5 9. A process according to claim?7 or claimS8,
wherein the polysilicon layer has insulating side walts at thestdes
thek~pf -and wherein, prior to formng the netal f the ég;b
insulating si de walls closest to the Jdnpurity do m,"]emlumwg E noved,
whereby the netal layer 10 is forned directly cont\ackin es of th
polysilicon layer. 10. A process according to any one of clains 7 to 9,
wherein there are at |least one pluralitySof elements, with one of the

el enments including the inpurity doped region and 15 another of the el enents
i ncluding the pedlwsiliomm |lapar and theA ippocdsy dopeddiregics - any one of
clains 7 to 9, wherein there is a single elenment i_ncluding both

i npurity doped $egi or® REPIIRE FASREIIGFA &féim 72, WheﬁeﬁPoc€§§35f5tep

fabri cat i duct b- 20 stantjal | h
ascri bed i £ h 1 bf SRR o gute 24kl 1o B kAR R ouPRs Radibice

are removed by etchlng

5 9. A process according to claim 7 or claim 8, wherein the
polysilicon layer has insulating side walls at the sides
thereof, and wherein, prior to forming the metal layer,
portions of the insulating side walls closest to the
impurity doped region are removed, whereby the metal layer

10 is formed directly contacting the sides of the polysilicon
layer.

ld. A process according to any one of claims 7 to 9,
wherein there are at least one plurality of elements, with
one of the elements including the impurity doped region and

15 another of the elements including the polysilicon.layer.
11. A process according to any one of claiﬁs 7 to 9,
_wherein there is a single element including both the
impurity doped region and the polysilicon layer.

12. A process of fabricating a semiconductor device sub-

20 stantially as any one herein described with reference to

Figs. 2 to 8 of the accompanying drawings.




