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:-1- ' SEM CONDUCTOR | NTEGRATED CIRCUIT DEVI CE FOR CONNECTING

i SEM CONDUCTCOR REG ON :AND ELECTRI CAL W RI NG METAL VI A ég%ﬂ
iSILICIDE LAYER AND METHOD OF FABRI CATION . - THEREOF NE
THE. | NVENTI ON The present-ulnvem i“on relates to
conuctor integrate chnlque
t hereof, or nor €2 g %%E % {’iﬁ%bgﬁ El‘yﬁ applicable to
a sem conduct or i & &8 a DRAM (dynami c

- ) s ICID B FHAR _
randem access iy aV|ng a nennry ce of stacked capacitor
structure with anin ornatlon st orage capacitor -arranged on a nenory

cell-selecting MSFET and also to a 10 techpique for connecting a

senlconductorEﬁﬁﬁgﬁbﬂﬁﬁjd¥1THE emebfdeal Wring nmetal to each other
t hrough a titanium (Ti) silicide |ayer. In order to

conpensate for the reductie®prdbent lﬁ%@g&u%mwgctwrgesé&; of the
|nfornat|on storage
conductor 1ntegrated circuit device and a fabrication
technique thereof, or more in particular to a technlque
5 effectively appiicablé to a semiconductor integrated
circuit device comprising a DRAM (dynamic random access
memdry) having a memory cell of stacked capacitor
structure with an information storage capacitor arranged
on a memory cell-selecting MISFET and also to a
10 technique for connecting a semiconductor region and an
electrical wiring metal to each other through a titanium
(Ti) silicide layer. |
In order to compensate for the reduction in
the accumulated charge (Cs).of the information storage
15 capacitor with the miniaturization of the memory cell, a
large~capacity DRAM récently déveloped has a stacked
capacitor structure with an information storage
capacitor above a memory cell-selecting MISFET.
The information storage capacitor of stacked
20 capacitor structure is formed by depositing a storage
electrode (lower electrode), a capacitiVe insulating .
film and a plate electrode (upper electrode) in that
-.order. The storagé electrode of the information storage
capacitor is composed of polycrystal éilicon doped with

25 n-type impurities (phosphorus) and is connected to one
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15 capacitor with the miniaturization of the nenory cell, a

| ar ge- capacity DRAM recently devel oped has a stacked capaci tor
structure with an infornmation storage capaci tor above a nenory
cell-sel ecting M SFET. The Bnformation storage capacitor of

stacked 20 capacjtor structure is fotned_bé deposi ti.n a_stora&; -
el ectrode (lo Ehe cFPBUEPRIUctaEEPEL0RS| ASOREERNGNd dradm Hegd@nsg )y at e

I d I de). i hat . der. h I d f
Flectrode (uPhek ¢l Sehedolel ) bhikering, RLARGune] Frdiaa0e egiate of
dgpeo' W th = 257 0:1¥B8e ! RUELY Sée&pQQSBH%EELti\gﬁg' §h8%&e%§;e‘i)t°'°”e
-2- -of the sem conductor Tegions (source an rain regions of a

e oo SPEFEANICE lodaall) S8ETe Thg Buthporspeclaty ol |

conposed as a : a pl ura menory cells and is
suppl i ed wst h gredet@rRigEQT FiRed pb¥eftpatential. A bit

line for witing and reading data 1s _

A bit line for writing and reading data is
arranged above the memory cells. The bit line is
connected to the other one of the semiconductor regions
(source and drain regions) of the memory cell-selecting

10 MISFET through a contact hole opened to an insulating
film covering the memory cells. fhe bit lihe is
composed of a low-resistance metal material in oxrder to
assure high-speed data write and read operation.

The height (from the substrate surface) of the

15 memory array of the DRAM having memory cells of stacked
capacitor structure described above is lafger than that
.of the peripheral cirduit substantially by the height of

the information storage capacitor. As a result, with
the miniaturization of the memory cell, the aspect ratio
- 20 between the semiconductor regions of the memory cell-
selecting MISFET and the contact holes for connecting
the bit line is considerably ihcreased, thereby making
it difficult to deposit a metal material for the bif
line sufficiently in the contact holes;

25 ' As a solution against this problem, the DRAM
déscribed in JP-A-7-142604, which corresponds'to U.s.
‘Patent Application No. 08/341966 filed on November 16,

11994, is fébricated by employing a polycrystalline



~arranged above the nenory cells. The bit line is connected to the

ot her one of the sem conductor regions (source and drain regions) of
the menory cell-selecting 10 M SFET throggh a contact hol e opened to an
i nsul ati ng filmcovering the menory~céll's. The bit line is

conposed of - a.l pwresi stanc tal materi n r to assure

hi gh- speed datStHHFoR %.ﬁgrgﬁgﬁﬁbgpﬁtfgn whi h a poiycryst?&e é1éﬁ¥1(from
t he substrate ace) Vi ng nmenory
cells of stackéldf[rtl of ﬁpacgﬁgrég?ruc?g (§e5&§§3ve |s%%hrger t han

that of t£@h£@%ﬁ@@8€8¥ Eéégghé 8Eb§pé”héﬁ5%¥ Eél& eﬁ%b%ﬁh f t he

I nformation stor age capacit resu e m ni at urization

of the menory ﬁ?ﬁi;i?ETt{'é’ 23pPEY 1Al tRe 2BnthEtVRBReEhE &ﬁmcm@ductor regi ons
of the menory ce sel ecting M SFET and the contact holes for

connectings teéﬁﬁh@hé,'bﬁﬁtaétCﬁaiéseféébhlhﬁctﬁés%émlbbﬂﬁﬁﬁkdmﬁk!ng
it difficult to deposit a netal material for the bit line sufficiently

in the contactrégiess o£5a memory-cellsselectlihgOMISFETNatret fioxmedohl em
t he DRAM described in JP-A-7-142604, which corresponds to U S.
through an insulating film covering memory cells, a
sufficient amount of polycrystal silicon film is filled
in each contact hole using the CVD process having a
10 superior'step coverage, and then an unrequired
polycrystal silicon film remaining on the insulating
film is removed.by etching (etch back).
| The use of a (n-type) polycrystal silicon film
as a plug material filled in the contact hole is
15 effective not only as a méasure to securé the conduction
| of the bit line but also to reduce the memory cell size.
Specifically, the DRAM with a reduced memory cell size
has such a miniscule diameter of the contact hole.for
the bit line that in the case where a mask misalignment
20 occurs between the contact hole and the semicénductor
regions of the memory cell-selecting MISFET when opening
the contact hole by'etching with photoresist as a mask,
the contact area between thé semiconductor regions and
the plug materia; filled subsequently in the contact
25 hole is reduced resulting in an increased contact
resistance. 1In the case where a polycrystal silicon
film of the same conduction type (n-type) as the

semiconductor regions is used as a plug material, by



Pat ent Application No. 08/ 341966 filed on Novenber 16, 1994, is
fabricated by enpl oying a polycrystalline o .

- 3- silicon plug technique in which a‘folycrystal silicon film of
t he sane conduction type (n-type) as the sem conductor regions of the

nenDry;ceII-seIect n M SFET |s filled in the contact hol es. In this
5 t echni que, %rﬁjl & SRTHRE ) Hé“@'b’?ﬁ?cﬁﬂu’c"io\" po Y‘éﬁY%ﬁ% of a -
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back). - he use of a (n-type
as a plug ngte&e@ldﬁé|&ﬁ$lﬂhé|ﬁbd¥§ﬁﬁﬂﬁojg§ﬁiIS 15 effective not onyy as

a measure to secure the conduction
Also, in the DRAM disclosed in the above-
lmentioned patent publication, the bit line is compbsed
of a tungsten (W)‘film, and tﬁe first layer of wiring
connected to the-semiconductdr regions (source and drain
10 regions) of a complementary MISFET (CMOSFET) constitut-
ing the peripheral circuits is composed of é W film in
the same layer as the bit line.
| The wiring of the first layer of the
peripheral circuit and the bit line composed of'W high
15 in electromigration endurance coﬁpared with aluminum
(Al) is an'effective measure.to secure the wiring life
of a miniaturized DRAM. Thé above-mentioned technique
.of filling a polycrystalline silicon plug in the
bit-line contact holes is indispensable for constructing
20 the bit line and the first layer of the peripheral
circuit by the W film in the same layer. This is by
reason of the fact that in the case where the plug
‘material is not filled in the bit-line contact hole, it
is necessary to fill the plug material in the (bit-1line)
25 - contact hole of a very large aspect ratio and the
contact hole (for the peripheral circuit) small in
aspect ratio at the same time, thereby increasing the

process burden. The cited reference, however, fails to



of the bit line but also to reduce the nenory cell size. -~ Specifically,
the DRAM with a reduced nenory cell size . has such a mniscul e di aneter
of the contact hole for the bit line that in the case where a mask
m sal i gnment 20 occurs between the contatt—hol e and the seni conduct or

regi ons of the, nenory cell-sel ecting M SFEJ when. openi.n ontact
hol e by etcmrﬂfﬁﬁ¥+g'rﬁﬂ¥ﬁ¥%?%t %ggﬁ Hagytormatip oéo%tgétséﬁ ween

t he senicondug%guﬁéeglons and t he plug material filled subsequently-in
t he cont act e is reduced resulting in an increased contact

resi stance. In the case ¥ﬂ@r§£gsg9£yfﬁyé£@$r%u %ngstudlea'kﬂbogrgﬁﬂe&@ne

conduction type (n-type) seni con regirons is u as a

plug material ,pd¥nts which occur when forming the flrst iayer ofCRRkr ast,
the (n-type) inmpurities in the polycrystal licon filmis diffused

I Into the sgbstwatEn@ sl t ige per:.ﬁ]@érélﬂciﬁéhﬁtaaﬁé tﬁerbﬂlﬁCaneTHﬁ ek
aonment same layer of a W film in a DRAM having memory cells of
stacked capacitor.structure. The result of this study
will be described briefly below.
Generally, the W film is known to have a low
10 adherence to an insulating film such as a silicon oxide
film. Also, at a contact point between the wiring and
the substrate, the metal material comstituting the-
wiring and the silicon constituting rhe substrate react
with each other to form a silicide layer. The silicide
15 (tungsten silicide) layer produced by the reaction
between the W film and the silicon substrate exerts a
great stress on the substrate. As a result, in the case
" where the first layer of the wiring of the peripheral
circuit is composed of a W film, therefore, it is
20 'necessary to form under the W film such a metal film
that forms a silicide layer high in adherence to the
insulating film and small in stress when reacting with
the silicon substrate.
| Titanium (Ti) has a superior adherence to an
25 insulating film, and the Ti silicide (TiSix, x'; 2)
formed by reaction with rhe silicon substrate exerts
only a small stress on the substrate. Therefore,

‘titanium provides a suitable material as a metal film



margi n can thus be reduced between the sem conduct or 5 regions and the
contact hol es. Al so, in the DRAM di scl osed in the above-
menti oned patent publication, the bit line is conposed of a tungsten
(W film and the first |ayer of mﬁring - 6 <onnected to the seni conductor

regi ons (source and draln ons) of . a ment ar SFET. CNCSFET)
constitut - forme tg}‘?e Ik cuiAlSQ s fg o")'f(las ¢

t he sane layer .as the b| I|n he_ Wi r.i

f th
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plug in the bit-line contact holes |s I ndi spensabl e for constructing :
20 the bit ki nefFe@dike fmera%tuﬂ@wr HeddtEimprimdb&dditact résisthhclyothe W

filmin the sane |ayer. This is by reason of the fact that in the case
where the plugthe wirdingy.ial is not filled in the bit-line contact hole, it
i.'s necessary to fill the plug material in the (bit-Iline)

The Ti film, however, poses the problem that
it reacts with WFg making up a source gas produced when
depositing the W film by the DVD process and form an

10 . undesirable reaction layer on the film surface. In the
case where a W film.is deposited on the Ti film,
therefore, a barrier layer resistant to reaction with WFg
having a high adherence with the Ti film and'the W film
is required to be formed between the Ti film and the W

15 film. A preferable barrier layer is a TiN (titanium
nitride) film.

A method of forming the first layer of wiring
of the peripheral circuit and the bit line at the same
time with a W-TiN-Ti film lamination is as follows.

20 First, a polycrystalline silicon plug is filled in the
bit-line contact holes formed in ah insulat;ng film
covering memory cells, and then contact holes are formed
in the insulating film covering a MISFET of the
peripheral circuit. As the next step, a Ti film and a

25 TiN film are deposited continuously'by sputtering on the
insulating film. The substrate is annéaled in the

"nitrogen environment, so that the reaction is caused

between the Ti film and the silicon (substrate) thereby



25 contact hole of a very large aspect ratio and the contact hole (for

the peripheral circuit) small in aspect ratio at the same tine,

t hereby increasing the process burden. The cited reference, however,
fails to - 7 - -5- descri be anyt hi ng
about the fornatlon of a Ti sjilicide The present
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the metal ngtekizh @OPHItIALAISE s a mask thereby to form the first
layer of wiring of the peripheral circﬁit and the bit
line. |

The present inventors, after examining the

ébove-mentioned process further, have found the
10 following problems.

As described above, in the process of forming
the first layer of wiring of the peripheral circuit and
the bit line by a W-TiN-Ti film lamination, the
polycrystalline silicon plug is filled in the bit-line

.15 contact holes in advance of the deposition of a TiN-Ti
film. In forming a Ti silicide layer'in the interfacé
between the Ti film and the silicon substrate by
annealing the substrate, therefore, a Ti silicide layer
is formed in the interface between the polycrystalline

20 silicon plug and the Ti film in the bit-line contact
holes.

Once the Ti silicide layer is formed on the
polycrystalline silicon piug, however, the interface
between the polycrystalline silicon plug and the Ti

25 silicide layer may be separated, often causing a
.conduction'failure of the bit line. A study of the
.cause has discovered that there is a correlation between

the separation frequency and the thickness of the Ti



wiring and the silicon constituting the substrate react w th each
other to forma silicide layer. The silicide 15 (tungsten silicide) |ayer

produced by the reaction between the Wfilmand the silicon substrate
exerts a ' great stress on the substrat®.~As a result, in the case

where the first,la t ring of the her ui

conposed of asW]fJT%T# ?lrﬂ%’f ‘??’é t% 8?1&% ??l}bn?o aér the W
filmsuch alﬁ?fﬂ film that forms a silicide |ayer high |n adherence
"to the %ﬂlng filmand small in stress when reacting with t he
'silicon substrate. Fig. 25 Tt $bwi stﬁesyggﬁlgrogdggﬁg ce to
an 25 insulating film 5%% t he H% ﬁfﬁ#ﬂ; (TI% , . X < 2) formed by

reaction wth pfae dd iR Sehstian eoéwééﬁ the tRDE¥ndsSNBE! tRbress on the
substrate. Therefore, titanium provides a suitable material as a

metal filnmg silicide layer and the interface sefarationformedshodar the W
film Also, to forma Ti silicide _
in Fig. 25, separation occurs for the thickness of the
Ti silicide layer higher than a certain value. The
smaller the diameter of the contact_hole, the smaller
the thickness with which the separation occurs. A
10 possible cause of this separafion is that with the
increase in the thickness of the Ti silicide layer, the
interface between the polycrystalline silicon plug and
the Ti silicide layer is subjected to the stress due to
the volume reduction caused by the formation of the Ti
15 silicide layer and the stress due to the crystallization
of the TiN film.

In the case where the Ti silicide layer is
formed in the interface between the Ti film and the
silicon substrate, on the other hand, the contact

20 resistance would uhdesirably increase unless a certain
degree of thickness is secured of the Ti silicide layer.
"Especially in the case ﬁhere a Ti silicide layer is
formed on the surface of the source and drain regions
.(p-type'semiconductor regions) of a p-channel KISFET; as

25 shown in Fig. 26, a decreased thickness of the Ti
silicide layer is found to increase the contact

resistance considerably.

A conventional technique for reducing the



| ayer in the interface between the first layer of wiring and the

sem conduct or regions (source and drain regions) of the M SFET
constituting the peripheral circuit is an 5 effective neasure for
reduci ng the contact resistance of tﬁe9mrring. The Ti

fil h , es th bl t hat L. t 1 t h, WWF6 Ki
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and the W 15 férlé%ﬁéfﬁéﬁ@%&ﬁ%g%&r?ﬂgyv%liskao%'\b&alinb@ai)l,mrm

nitride) film o} ormng the first layer of wring

of the peri gheralicH e Wittanchh ' Dididd Nei Bh 1HCF6ARBA betwbbfiEthet h a
WTIiNTI filmlamnation is as follows. 20 First, a polycrystalline

silicon plug isifliddf dubdteate andithé imet&Dweingol es formed in an
insulating film . '
With the increase in the thickness of the
titanium silicide film and also with the decrease in the
diameter of the contact hole, however, the titanium
10 'silicide film is more easily separated, which is a
..stumbling block to higher integration and miniaturiza- |
tion of a semiconductor device. |

For a low-éontact resistance to be obtained by
forming a silicide film in the interface betwéen silicon

15 and a metal, the titanium silicide film formed
(eépecially, TiSi, di-silicide) is required to have a
certain degree of thickness. Since titanium silicide is

. formed by heat treatment of the silicon deposited with a
titanium film thereon, however, the volume change of the

20 film generates a stress in thé film. _

This internal stress of the film increases the
~stress generated in the neighborhood of the intérface
bétweén the titanium silicide film and the silicon.
Experiments and analyses have made it clear that the

'25 average stress generated in the interface increases with
the decrease in the size of the contact hole and also
with the increase in the thickness of the titanium

silicide layer, thereby causing the separation of the



covering nenory cells, and then contact holes are forned in the

i nsulating filmcovering a M SFET of the peripheral circuit. As the
next step, a Ti filmand a 25 TiNfilmare deposited continuously by
sputtering on the insulating film FhdOsaobstrate is annealed in the
ni trogen envirqnment, so that the reaction is caused betmeen the Ti

filmand the siilit@OHYm fski ft’f?é'l‘eby

-7- to forma Ti silicide |a n.the interface between the
filmand the silicon subdt% éfeés %fel?eéi aheye s ARyERe Fase Wherqedosit ed by

| d fil
are patterned Bolgemyse ttinld Be¥too Sing 44 FEl1dd tth thePEsTL ket o
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l'i ne. e present 1 nventors, exan1n|ng
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a W-TiN-Ti film lamination, it is difficult to secure

the conduction rellablllty of the bit line and to reduce
- the contact re51stance of the wiring connected to the

source and drain regions of the MISFET of the peripheral

10 circuit at the same time.

| SUMMARY OF THE INVENTION
An object of the present invention is to
provide a semiconductor device and a method of fabrica;
tion thereof, in which a titanium silicide film is not
15 easily separéted in the connection interface between a
titanium silicide film and silicon in a contact hole.
Another object of the invention is to provide,
in a DRAM comprising memory cells of.stacked capacitor
structure and a W-TiN-Ti film lamination constituting a
20 first layer of wiring of the péripheral circuit and a
bit line, a technique in which the conduction reliabil-
ity of the bit line connected to a memoty cell-selecting
MISFET is secured while at the same time reducinQ the
contact resistance of the wiring connectéd to the MISFET
25. of the peripheral circuit.
The above-ﬁentioned first object is achieved

by a semiconductor device with_silicén and an electrical



As described above, in the process of formng the first |ayer of

wiring of the peripheral circuit and ‘the bit line by a WTIiNTi film
| ami nation, the polycrystalline silicon plug is filled in the bit-1ine
15 contact hol es in advance of the deposﬂﬂldn of a T|N-T| film In

the si i con sUBSHAE SEFRL 220 LOIMATHER 1Ho CRBRiPRer CREVERBIE, a T
I de | . fd t f t I t al
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Once the Ti sigdeildfddty s isd, WHEBE PLAd%nicknd éy8fyﬂ&é" £5 88n sl con

pl ug, homever face ween e po ycrystalline silicon plug

and the Ti 2% Sididd 48 hives 4B RS SEPAs ai 26, mﬁft@f PAEBEREDRY, to
conduction failure of the bit line. A study of the cause has

di scover edst hatp tdiergs isina correl ati on between t he ~separ ation
frequency and the thickness of the Ti
The second object of the invention is achleved

by a semiconductor device, in which an insulating film
is formed on a silicon substrate, at leést a contact
_hole.is formed in the insulating film, a titanium film
_10. is deposited in such a manner as to contact the silicon
substrate in the contact hole, and the titanium film is
heat treated with the silicon, thereby attéining the
thickness of the titanium film in the range of 4 to 48
nm, or preferably, 8 to 34 nm by silicide reaction.
15 - The titanium £film includes a metal film |
containing a component other than titanium in addition
‘to titanium.
A semiconductor integrated circuit device
according to an embodiment of the invention comprises
20 memory cells of stacked capacitor structure with an
information storage capacitor arranged above a mémory
cell-selecting MISFET, wherein a polycrystalline silicon
plug of.the same.cdnduction type as the semiconductor
regions of the memory cell-selecting MISFET is formed in
25 the éontact holes connecting the semiconductor regions
and the bit line, the bit line and the wiring connected
to the semiconductor regions of the MISFET of the

' peripheral circuit are composed of the same triple layer



- 8- silicide layer forned on the polycrystalline silicon pl ug.

Fig. 25 is a graph showing the result of study made on the rel ation
~ between the thickness of the Ti 5 silicide layer and the interface
. separation. As shown in Fig. 25, sépéﬁ%fTon occurs for the thickness

f th Ti silicide.l . hi gher .t hap. t al LT N
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crystallization of the TiN film - I'n the case where the
Ti silicidg layer is Spé®ifbfally| hehéntRitRA@sbebreeRet e Eiilfiidideand
t he silicon substrate, on the other hand, the contact

film formed on the surface of the polycrystalline
silicon plug in the contact hole is set to about 120 nm
or less, and the thickness of the Ti silicide film
formed on the surface of the semiconductor regions of

10 the MISFET of the peripheral circuit to about 10 nm or
more, 6r more préferably, to about 20 nm or more.

The numerical values of the film thickness ana
the hole diameter specified above should not be
considered as strict values but as cohtaining an error

15 of Max ilQ % as working tolerance.

A method of fabricating a DRAM as a semi-
conductor integrated circuit device having memory cells
of stacked capacitor structure with an information:
storage capacitor arranged above a memory cell-selecting

20 MISFET according to the present invention combrises:

(a) the step of forming a MISFET of a
peripheral circuit and a memory cell-selecting MISFET on
a plurality of memory cells on a semiconductor sub-
strate, forming a MISFET of the peripheral circuit and

- 25 then forming an information storage capacitor above the
_memory cell-selecting MISFET;
(b) the step of forming a hole for connecting

the bit line in an insulating film covering the memory



20 resistance woul d undesirably increase unless a certain degree of

t hi ckness is secured of the Ti silicide |ayer. Especially in the case
where a Ti. silicide layer is formed on_the surface of the source and
drain regions (p-type seniconductor‘r%@ions) of a p-channel M SFET, as
25 shown in Fi creased hlckn Qf the.Ti Silli e layer is
found to increggéiﬁhe%&gﬁfggt YFEM @S SidiigammRire of e
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For exarpl o, i ROYBER. G8T)SEBTeCtiRGT M sRED, in WH pLE- 14 B M known
exanpl €), in na18@i,Chnd EokdingMati Nieaiste of idoRtatt qlrcmai fietygen the
silicon substrate and the netal W ring. th the increase in
the thickness 9hsul@ting film covering the MISFET of the peripheral
circuit;
| (c) the step of depositing a Ti film and a TiN
film on the insulating film, aﬁnealing the semiconductor
substrate, forming a Ti silicide layer having a
10. thickness of about 120 nm or less on the surface of the
polycrystalline silicon plug in the bit-line contact
holes, and forming é Ti silicide léyer having é
thickness of about 10 nm or more or preferably about 20
nm or more on the surface of the semiconductor regions
15 of the MISFET exposed to the bottom of the contact holes
of the.peripheral circuit; and |
= (d) the step of depositing a W £film on the TiN
film, patterning the W film and the underlying TiN and
Ti films, and forming a bit line and the first layer of
20 wiring of the peripheral circuit composed ofla W-TiN-Ti
film lamination.
According to the present'invention, there is
'provided a semiconductor device comprising silicon and
- an electrical wiring metal connected to each other
25 through a titanium silici&e film in a contact hole
formed in an insulating film, wherein the thicknesé of
.the titanium silicide film is set to 10 to 120 nm, or

preferably to 20 to 84 nm, whereby the contact resist-



titaniumsilicide filmand also with the decrease in the . di aneter of
the contact hole, however, the titanium 10 silicide filmis nore easily
separated, which is a stunbling bl ock _to higher integration and

m niaturiza- tion of a seniconductor ddvice. For a | ow

. . . licide filmin th
Catertace: betwilite Hateeh e FifYoon, and °§%“€%€%ﬁ!ﬁ#@$i e%EZ%%Pl m

' Ti_Si . di-silicide reguire 0 _have a_
Cortain acorCe BPU e ) G ot PR RS By
treatment of thgSldiyf UF maﬁ%‘é’ %tth}éf‘linterféé B &d A%ﬁ@.éf?ggoﬁ I'm

however, the volunme change of t m generates a stress in

This internal sindesheftiitihifnt BiNdRASES the stress generated in the
nei ghbor hood of the interface between the titaniumsilicide film and

the silicons Exper i mdcrdinty aialtise plesen tedevént CoERrthbae fhe 25
average stress generated in the interface increases with the decrease
in the size of prioyidest actDRM eanptridiong a plutdhitpeot merese colibe
thickness of the titanium silicide | ayer, thereby causing the
separati on of ©ffestacked capacitor type, wherein a polycrystalline
silicon plug of the same conduction type as the
semiconductor regions of a memory cell-selecting MISFET
10 is formed in a contact hole for connecting the
- semiconductor regions and a bit line, and the bit line
and the first layer of wiring connected to the
semiconductor regions of the MISFET of the peripheral
_ circuit are composed of the same wiring layer of a
15 W-TiN-Ti film, thereby securing the conduction
reliability of the bit line while at the same time
reducing the contact resistance of the wiring connected

to the sburce and drain regions of the MISFET of the

peripheral circuit.

20 BRIEF DESCRIPTION OF THE'DRAWINGS
Fig. 1 is a partial sectional view of a DRAM
according to an embodiment of the present invention.
Fig. 2 is a diagram for explaining the initial
steps of fabricating the DRAM of Fig. 1.
25 Fig. 3 is a diagram for explaining the
fabrication steps following Fig. 2.

Fig. 4 is a diagram for explaining the



- 10 -

the case where a

bit-line contact hole to formthe first layer of wiring of the
peripheral circuit and a bit line at the Ctime with a WTi NTi
filn1laninatio€, it is.difficult tg secure_,.  .the conduction reliability
of the bit |inEaBRicebiPRqgters follRwipg Fig: Basistance of the wiring

. connected to the

peri pher al

titaniumsilicide film

Govice and a nECRORCAFLPR,FYERD

device and a
silicide filmis not

bet ween a
5

10

15

20

25

ne

fabrication steps

soycrce and drai,n_re

10 circuit a#lghegséﬁeatgﬁggr

h Sl : - pyovi de a sem conduct or
#B118pily Figod

in which a titanium

15regsi bY 18€R283hGEal £bRC &PABS Rling" thd er f ace

eof,

following Fig. 5.

e

_ As described above,
polycrystalline silicon plug is filled in the

Fig. 7 is a diagram for explaining the.

‘fabrication steps

following Fig. 6.

Fig. 8 is a diagram for explaining the

fabrication steps

following Fig. 7

Fig. 9 is a diagram for éxplaining the

fabrication steps
Pig. 10
fabrication steps
Fig. 11
fabrication steps
Fig. 12
fabrication.steps
Fiqg. 13
fabrication steps
Fig. 14
fabrication steps
- Fig. 15
fabrication stéps

Fig. 16

fabrication steps

Fig. 17
fabrication steps

Fig. 18

foilowing Fig. 8.
is a diagram for explaining
following Fig. 9 :
is a diagram for explaining
following Fig. 10.
is a diagram for expiaining
following Fig. 11
is a diagram for explaining
following Fig. 12.
is a diagram for explaining

following Fig. 13

is a diagram for explaining

following Fig. 14.
is a diagram for.explaining

following Fig. 15

is a diagram for explaining’

following Fig. 16.

is a diagram for explaining

the

the

the

the

the

the

the

the

the
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'-tltanlun15|I|C|de filmand silicon in a contact hol e.

Anot her object of the invention is to provide, in a DRANIconpr|S|ng
menory cells of stacked capacitor structure and a WTIiN-Ti film

| am nati-on constltutlng a 20 flrst | ayer 36 wring of thg perlpherﬁl bl
circuit and a Dbit line ue in which_the conduction reliabil-
ity of the bit qqqﬁ?(ﬁﬁﬁﬁﬁﬂ%ﬁ?ﬁ%) B8 FAF- skl ecting M SFET i s

h th nLact resistance of the
1ing connected 10t he MEFERS zl‘é-“%? e, foncPab TErpLER  Ehe
The above- nent igaa J ﬂfgn(ggégg féifgwgﬁaqgvg 180y a sem conduct or dEVICE.

with silicon and an ectrlc ring metal are connected to

each other through a Fﬂdtegulygsgldfaq¥ailfggl lﬁﬂﬁ tehgte forned
in an. . insulating film™ wherein the t ness o ani um

silicide fibm ifatasicadtac) dtapge EdMMowind efprapdy, to 5 20 to 84 nm

Fig. 21 is a diagram for explaining the
fabrication steps following Fig. 20.
| Fig. 22 is a diagram for explaining the
fabrication steps following Fig. 21. |
10 Fig. 23 is a diagram for explaining the
fabrication steps.following Fig. 22.
Fig. 24 is a diagfam for explaining the
fabrication steps following Fig. 23.
- Fig. 25 is a graph show1ng the relation
15 - between the thickness of the Ti silicide layer and the
separation at the interface of the polycrystalline
silicon plug.

Fig. 26 is a graph showing ﬁhe relation
betwéen the thickness of the Ti silidide layer formed on

20 the surface of the p-type semic@nductor region and |
contact resistance.

Fig. 27 is a diagram showing the contact
structure of a semiconductor device according to an
embodiment of the invention.

25 Figs. 28A to 28D are diagrams showing the
steps of fabricating the semiconductor device shown in
Fig. 27. '

Fig. 29 is a diagram showing positibns of



The second object of the invention is achieved by a sem conduct or
device, in which an insulating film is fornmed on a silicon substrate,
at | east a contact hole is forned in the insulating film a titanium
film 10 is deposited in such a manner aslfo-contact the silicon

substrate in the contact hqle, and the titaniumfjlm.i.s heat treated _
with the sili caﬁFeFEersyo t EEAPAY™ galiclde'gnd, sliiten GRRsRAted wn £ i1 m

in the range of, 4 to 48.. .. n or .preferably, 8 to 34 nmby silicide
reaction. 15 9ue t3 8111?ﬁ8etgkgﬁfdﬁpfiln1inc|udes a metal film

contai ning a conponent o r than titanl I PR | { um
A sem conductor integrat gg&éi P?u?ﬁ éeg?ggm sﬂo@ug.glggrtgl:énésﬁroe_staé; %dr}%o I ment
of the inventig EﬁapkhiﬁsbeQheWEE&&£iasEh%n9f stacked capacitor structure

with an i nformation stdrage capacitor arranged above a nmenory

cel | -sel ectg ng M SFET, whkggei B1a31BOkY gréphalshicdAny Ithedkrelatidd ug of the
sane conduction type as thé sem conduct or regi ons of the nenory

cel | -sel ecti ngbbtHEER thefl avardgenst2bskhgeneniaaeid Hel ahe dintratfidue t he

sem conduct or regi ons _
between the silicon film and the titanium silicide film,
the titanium film thickness and the contact hole
diameter.

10 Fig. 32 is a graph showing the relation
between the open failure rate (separation of titanium
silicide filﬁ) and the thickness of the titanium
silicide film for the contact hole diametér of 0.4 um.

Fig. 33 is a diagram showing the contact

15 structure of a semiconductor device according to another
embodiment of the invention.

Figé. 34A to 34D are diagrams showing the
steps of fabricating the semiconductor device of Fig.
33.

.20 Fig. 35 is a diagram showing the contact
structure of a semiconductor device according to another
embodiment of the invention.

Figs. 36A to 36D are diagrams showing the
. steps of fabricating a semiconductor device‘of Fig. 35.

25 - Fig. 37 is a diagram showing the ¢ontaCt.
structure of a semiconductor device according to another
embodiment of the invention.

Figs. 38A to 38D are diagrams showing the



and the bit line, the bit line and the wiring connected to the

sem conduct or regions of the M SFET of the peripheral circuit are
conposed of the same triple |ayer : - 12
- of a WTiNTi film and a Ti silicid8 filmis formed on t he
surface of the sem conductor regjons of the M SFET of the per| pher al
circuit and onﬁﬂﬂ?%nﬂﬁzﬁﬁ?%ﬁc4¢kpg the RenicorduterdeyifeoREpFdg- in the
cont act hol es. _ Specifically, the thickness of the Ti

silicide f:ﬂ'm formed on the surface of the poI ycrystal l'i ne

~silicon pl n the contagt S se 0 o] ess, and
tlheI t hi CEnggsl of the Ti 30‘}? 0#9 #ﬁ I?nél gr%g #5% gtﬁiéesﬁ? gégk"of the
seniconductor|§¥¥ go é%ﬁeé%ﬁﬁﬁ@' 5% réB@@f&iﬁgLgsuéﬁoiﬁeﬁbOUt

10 Aam or nore, orrmre;ne 0 nm or

The nuneri ngvmn@nﬁrﬁfﬁﬂéﬂi%%féﬁ and the hol e di ameter

specified a not be considered as strict values but as
containing an error Figs. 40A to 40D are diagrams showing the

steps of'fabriéating a semiconductor device of Fig. 39.
Fig. 41 is a diagram showing thé contact
structure of a semiconductor device accdrding to another
100 embodiment of the invention. |
~Figs. 42A to 42D are diagrams showing the
steps of fabricating the semiconductor device of Fig.
41.
Figs. 43A to 43D are diagrams showing-the.
15 steps of fabricating a semiconductor device according to

another embodiment of the invention.

.DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the invention will be explained
below with reference to the accompanying drawings. In
20 all the drawings for explaining the embodimgnts, the
éomponent parts having the same function will be
designated by the same reference numerals respectlvely,
" and will not be descrlbed twice.
Fig. 1 is a sectional view showing a part of a
25 memofy array and a peripheral circuit of a DRAM accord-
ing to an embodiment of the present invention. The

method of'fabricating them will be described latér.



15 of Max 10 % as working tol erance. A nmethod of

fabricating a DRAM as a sem - conductor integrated circuit device

havi ng nenory cells of stacked capacitor structure with an information
storage capacitor arranged above a nenory é@lk—selectlng 20 M SFET
according to the present inventjon conprises: (a) the step

of forming a M SFET of aThe mﬁﬁ#|§Hﬁﬁ%ﬂecﬂ#cﬁu?e@&ﬁpQﬁﬁﬁﬁﬁﬁysu strate
cell-sel ecting M SFET o urality of nenoyy ¢ S opn a

sem conduct or '§uk?°mp°se%t9fat%at3?3ﬁ %e i) s’t c‘b‘éﬁ-%hg?ﬁ?‘e& Feuit
and 25 then f [ t rage c bo th

menory cel l -selvg'c I Ng ;%Ir}éﬁgl'%éﬁ 2'en ]'Qeé%y (%? JF’Zp ]\(:/) a o%rﬁ%infjhg hol e

for connectingperi f“élfé €tlrhﬁal éerii|§1GP Lng the nenory
- 13 - ceﬁ gﬁ%#% pol ycryst a I|n |1 con plug g? t he sane
conducti on sypgaéqﬂﬂasasleram.torm@%m @&rfév@es of each of the
p-type ﬁell 2 and the n-type well 3 are formed with an
‘element-isolating field oxide film 4. The p-type well 2
including the iower part of the field oxide film 4 has
formed therein a p-type channel stopper layer 5, and a
10 n-type channel stopper layer 6 is formed in the n-type
well 3.

A plurality of memory cells of the DRAM are
formed in the active region of the p-type well 2 of the
memory array. Each memory cell includes a memory

.15 cell-selecting MISFET Qt of n-channel type and a single
information storage capacitor C arranged above it.
Specifically, a memory cell has a stacked capacitor
structure with the information storage capacitor C
arranged above the memory cell-selecting MISFET Qt.

20 | The memory cell-selecting MISFET Qt of the
'memory cell-includes a gate oxide film 7, a gate
electrode 8A and a pair of n-type semiconductor regions
9; 9 (source and drain regions). The gate electrode 8A
iﬁcludes a first layer of polycrystal silicon film

25 integrally formed with a work line WL. The polycrystal
silicon film constituting the gate electrode 8A and the
word line WL is doped with n-type impurities (such as

phosphorus)'for reducing the resistance value.



menory cell-selecting MSFET in the bit-1ine contact hol es, and
formng at | east a contact hole in the 5 insulating f|In1cover|ng t he

M SFET of the peripheral circuit; (c) the step of
depositing a Ti filmand a Ti N fil moRO e insulating film annealing
t he sem conduct or substrate, formng a Ti silicide Iagf haV|n% a 10
t hi ckness of about 120 rwWQﬁ ?%ﬁ%V?wF?ng%quaE%eoP tyge well he

pol ycrystal l i ne_sili.con in.the bit-1ine_cont

h
Pormny a T ometRietal ifrait Fedin e ettiedirn g HEcBERRRTG, 1ore

Cegtons. 15 of "TRERH e nd RE8 R Fyg phofel of HRe hokPBe AR

f th h d t
of the perip erﬁt}?la{ Cpuélram MISFET Op; %:ééifi@&li?eptﬁé epOSI ing a

Wfilmon the TIN m patternin I'mand t he underlying Ti N
and Ti sf i |geyri gk d DI éd Fén Bt Dbt éh@enmd wecémf)égehazzseraotmoéo W ring
of the peripheral circuit conposed of a WTi N filmlam nation.

According to t heiRhesedonsWER Dilg éh@élﬁ‘biﬁatlon 6f0thdeﬂ-ahaﬁﬁéQOHdUCt0r
device conprising silicon and
MISFET Qn and the p-channel MISFET Qp. The n-channel
MISFET Qn includes a gate oxide film 7, a gate electrode
8B and a palr of n-type semiconductor regions 10, 10
10 (source and drain regions), and the p-channel MISFET Op
| includes a gate oxide film 7, a gate electrode 8C and a
pair of p-type semiconductor regions (source and drain
- regions). The gate electrode 8B of the n-channel MISFET
Qn and the gate electrode 8C éf the p-channel MISFET. Qp
15 are composed of the same first layer of é polycrystal
‘silicon film as the gate electrode 8A (and the word line
WL) of the memory ceil-selecting MISFET Qt.
A silicon oxide film 12 is formed above the
gate electrode 8A of the memory cell-selecting MISFET
20 Qt, the_gate electrode 8B of the n-channel MISFET On and
the gate electrode 8C of the p-channel MISFET Qp,
respectively. A side wall spacer 13 6f silicon oxide is
formed on the sides of each electrode. A silicon oxide
film 14 is formed above the silicon oxide film 12 and
25 +the side wall spacer 13.
An information storage capacitor C is formed
above the silicon oxide film 14 covering the memory |

cell-selecting MISFET Qt. The information storage



an electrical wiring netal connected to each other 25 through a titanium
silicide filmin a contact hole formed in an insulating film wherein

t he t hi ckness of the titaniumsilicide filmis set to 10 to 120 nm or

preferably to 20 to 84 nm whereby the contddet resi st -

- b h d the ' be ...
reéﬁced and aance ‘felt)ﬁl\‘l’erg E’afg‘ff‘féﬁﬁc%‘f ?’ﬁ%%efgit %?odolﬁlygg Cagagﬁfi"&lyeof

br eakage of th%gﬁﬂéﬁf; LEosE Ahe $1L1500 crect-8ad bR 1 Lan um

silicide. rese IAVention, there is

provided a DRA'V' conpri si %é" ﬁéﬁf?#%lt%(lé’éterS C&t | £he 1nf8¥:m§%§85€d

capacitor type, wherein a polycrys srlircon plug o e sane

conduct i on typ%&%&é}@ ca acﬁ?cm' @rﬂ&@i@&eé eBi R5S16A, Q1 FERAY 18A in
cell-selecting M SF (? formed in a contact holé for connecting the
sem conduct gr rﬁ@é&la@&@. bidhd | firs@tayse PléwbiNBayer) of the £fin
16A i; composed of a polycrystal silicon film of the
second layer, the second layer (intermediate layer).of_
the fin 17A is composed of the third layer of the
polycrystal silicon film, and the third layer (upper
10 1layer) of the fin 18A is composed of the fourth layer of
the polycrystal silicon film. The storage electrode 15
is connected to the first;n;type semiconductor regions 9
of the memory cell-selecting MISFET Qt through a contact .
hole 19 formed in the silicon oxide film 12 and the gate
15 .oxide film 7. In Fig. 1, the gate oxide film 7, the
silicon oxide film 12 and side wall spacer 13 are formed
of the same material 8i0,, and therefore.the interface
thereof is not shown.
The capacitive insulatihg film 20 formed above
20 the storage electrode 15 is composed of a silicon
nitride film. The plate electrode 21A fofmed above the
capacitive insulating f£ilm 20 is composed of a poly-
crystal silicon film of the fifth layer. | |
A silicon oxide film 22 and a BPSG (boron-
.25 doped phospho-silicate glass) film 23 are formed above
the information storage capacitor C of the memory cell
and the n-channel MISFET Qn and the p-channel MISFET Qp

of the peripheral circuit, respectively.



and the first layer of wiring connected to the sem conduct or regi ons
of the M SFET of the peripheral circuit are conposed of the sane
wiring layer of a 15 WTiIiNTi film theregéhsecuring the conduction
reliability-of the bit line while at the-s time reduci ng the

contact resistance of the wirin nnect ed to.the source an d&aln
regi ons of the M SFET of T se °n%e?TB¥B?a?eE?FBH¢PCt°r SGIBRPEF ©

DESCR! PTI ON OF THE DRA t tional
Vi ow of a DRAMERS MERGEY rRbLeelecting AEskEr pt: T sPReRREcH, Fenel on.

The DRAM of Fi P 11k BEPEREuGR 4 ¥onbabt oye 20 SRERIeS 1y Ehel RESED.
fabrication Stepef o33 MHg £iPicén oxide films 22,718 afla' End ghReramfor

expl ai ning the
5 oxide film 7. A polycrystalllne silicon plug 25 is

filled in this contact hole 24, and the bit line BL is
connected to thé n-typé semiconductor region 9 wvia the
polycrystalline silicon plug 25.
The first n-type semiconductor region 10 of
10 the n-channel MISFET Qn of the peripheral circuit is.
connected to the bit line BL through a contact hole 26
formed in the gate oxide film 7, the silicon oxide films
22, 14 and the BPSG film 23. Also, the seqond n-type
semiconductor region 10 of the n-channel MISFET Qn is
15 connected to the first layer of wiring 30 through a
contact hole 27 formed in the gate oxide film 7, the
silicon oxide films 22, 14 and the_BPSG film 23.
The first p—type semiconductor region.l1ll of
the p-chanhel MISFET Qp of the peripheral circuit is
20 connected to the first layer of wiring 30 through a
cohtact hole 28 formed in the gate okide film 7, the
: silicoh oxide films 22, 14 and the BPSG film 23. Also,
the second p-type semiconductor region 11 of the
p-channel MISFET Qp is connected to the first layer of
25 wiring 31 through a contact.hole 29 formed in_the gate
oxide film 7, the silicon oxide films 25;-14 and ‘the
BPSG film 23. |

The bit line BL and the first layer of wirings



fabrication steps followng Fig. 3. - Fig. 5is a diagramfor

expl aining the fabrication steps followng Fig. 4. Fig.
6 is a diagramfor explaining the 5 fabrication steps following Fig. 5.
Fig. 7 is a diagramfor explalnlng the = 23fabrication steps follow ng

Fig. 6. Fig. 8is a dlagran1for expl ai ni g
fabrication steif f%ﬁl%ﬁﬁrﬁ?@@%ﬁe¢ ofa laminationpghrug F§ealﬂFéBpéﬁgfor

1015 & dlagrard B ThPhaiod o Tk Fiin $acand e, BoELTB dopopttRingnr o O
oo 1lis adaganlel. gﬁo@ﬁ%@&éégg% ?T{@bgrgaa FEHn5LEPEn’ Bhbotbhd

- Fig. 10. explarnrng .
LT LRl o0, LAY 08, Fihe Hustqce of, the poflidpvighifet a0ram for
Fig. 14 is g diggramd P1e¢Psi fbAfled NEn the contact hole 24 connecting
| the bit line BL and the n-type semiconductor region 9 of
the memory cell-selecting MISFET Qt is formed with a Ti
' silicide layer 35B by the reaction between the |
polycrystal silicon and the Ti film 32 méking up a part
10 of the bit line BL. Also, a Ti silicide layer formed by .
the reaction between the silicon substrate (n-type
semiconductor region 10) and the Ti film 32 constitutigg
a part of the wiring 30 is formed on the bottom df the
contact hole 27 connecting the first léyer_of wifing 30
15 and the n-type semiconductor region 10 of the n-channel
MISFET Qn of the periphéral circuit. In similar
fashion, a Ti silicide layer 35A is formed by the
reaction between the silicon substrate (p-type
.semiconductor region 11) and the Ti film 32 constituting
. 20 a part of the wiring 31 on the bottom of the contact
holes 28, 29 connecting the first layer of wiring 31 and
the p-type semiconductor region 11 of the p-channel -
MISFET Qp. |
. The thickness of the Ti silicide layer 35B
25 formed on the surface of the polycrystalline silicon
plug 25 is about 125 nm or less for preventing the
separation of the interface between the polycrystalline

silicon plug 25 and the Ti silicide layer 35B. 1In



fabrication steps followng Fig. 13 Fig. 15 is a diagramfor

expl ai ni ng the -fabrication steps following Fig. 14. ,
Fig. 16 is a diagramfor explaining the 25 fabrication steps follow ng
Fig. 15 Fig. 17 is a di'agra®?f or expl ai ning the .

fabrication steps follow ng Fi.g. .16. [ 18 is a.diagram
for explaining%%ﬂ?raSt' tﬁ% tﬁkckness of the Ti-silithg f%ygr 3gk 9

fabrication steps foll ow Fig..17 Fig. 19 is a diagram

for expl ai ni ngefq:f'g“e on t?r}gbmsrt%é“la}%% Q% e (RTTIRS n%eﬁgﬁ?n%égéor #egebA

Fig. 20 is a diagr for e [N by [ e oW, n

Fig 10 O EHAUT dicher do 17 HOGH | 56 0B h8keothe

fabrication st I ! ' s [ LS di agram

for explaini ngeottzl:hiieéc 2 ﬂ&_\%%(%:écgﬁ%%%%%%%tf%? %mt%%cgi g?t‘g%?h the’ .
5 wiring 31 and the p-type semiconductor region 11.

A fifst layer of a layer insulating film 36 is
formed above the first layer of wirings 30, 31 and the
bit line BL. This layer insulating film 36 includes,
for exampie, three layers of a silicon oxide film, a

10 spin-on-glass film and a silicon oxide film.

The first layer of the layer insulating film
36 is formed with the second layer of wirings 37, 38,
.39. The maierial of the second layer of wirings 37, 38,
39, though not specifically limited, is an Al alloy

15 single—layer film with silicon or copper (Cu) added

| thefeto or a laminated film with TiN or other barrier

metai deposited above and under an Al alloy. The wiring
37 arranged above the memory array is composed of a
shunt word line, for example. One of the wirings 38, 39

20 (wiring 38) arranged above the peripheral circuit is
connected to the first layer of the wiring 30 through a..
contact hole 40 formed in the layer insulating film 36,
and the other wiring 39 is connected to the first layer
of the wiring 31 through a contact hole 41 formed in the

25 .layer insulating film 36.

The layer above the second layer of the
ﬁirings 37, 38, 39 is formed with the second layer of

" the layer insulating film 42. This layer insulating



10 Fig. 23 is a diagramfor explaining the fabrication
steps following Fig. 22. Fig. 24 is a diagramfor explaining
t he fabrication steps following Fig. 23. Fig. 25 is a
graph show ng the relatlon 15 between rh%sthlckness of the Ti silicide

T e YR e L ol ot e
bet t he thig fo the Ti sil d I f f
the. petype. sentadf vSF%S.cﬁ@h fr 3¢ o He3|s% g 1ayEndyT ! ace ©
Filg. 27 1 a did@ASHOMAIdd Mot witn agtéfﬂc’:&& Sligfe Serimonguct or

devi ce accordlng to an e 1 nvention.
Figs. 28A to Z%Blﬂ%r@gﬁﬁrﬁﬁfﬁm‘ﬂﬂm é h&i1icon e Oflixﬁ‘b.{ﬁ cghafgd the

sem conduct or dévice shown in 27 Fig. 29 is a
di agr am shosi ngr@egi.t i ons of .
The layer above the second layer insulating
fllm 42 is formed with the third layer of the wirings
43, 44, 45. The material of the third layer of the
wirings 43, 44, 45, though not specifically limited, is
10 an Al alloy single-layer film or a laminatéd film with a
barrier metal such as TiN deposited above and under an
Al alloy, for example similarly to the second layer of
the wirings 37, 38 and 39. The wiring 43 arranged above
the memory array constitutes, for example, a Y-select
15 1line.
The layer above the third layer of the wirings
43, 44, 45 is formed with a passivation layer composed
‘of a lamination of a silicon oxide film and a silicon
nitride film. The passivation film is formed with a
20 protective film such as of polyimide resin as required,
though not shown.
| Now, an example of a method of fabricating a
DRAM having the above-mentioned structure will be
explained with reference to Figs. 2 to 24.
25 ' First, as shown in Fig.'Z, a part of the main
surface of the semiconductor substrate 1 is formed with
a n-type well 3 by injecting ions of a n-type impurities

(phosphorus), and another part thereof is formed with a



- 17 - interfaces of titaniumsilicide and silicon generated due

‘to silicide reaction. Fig. 30 is a graph showing the stress
caused in the filmby the silicidation. 5 Fig. 31 is a
graph showing the relation bet ween t+h&6average stress generated in the
i nterface between the silicon filmand the titaniumsilicide film

the titanium fiRTRYRR Mk s? by imiechbingcions| @f pP-tymeaimpuritieg

Fig. 32 h showi ng. th t fail t
(separati on of GRTESH i teﬁ.#ﬁ@?‘d'e&wrsmefh& HEReERPs wpid 2 ©

ttanium ©  qld cige LLmd o ihescontagt ke, SLATE £1 98 QudaLeuihm
vmf% &dicfor

Fig. 33 is a dlagran1sho cont ure o senicon

ol o st Ao g e
sem conduct gr QQ@M¥iﬁhe§q§boron) are ion-implanted in the p-type well
-2, and n-type impurities (phosphorus) in the n-type well
3; after which these impurities are diffused by anneal-
ing the semiconductor substrate 1. A p-type channel
stopper layer 5 thus is formed in the p-type well 2, and
_ 10 a n-type channel stopper layer 6 in the n-type well 3.
After that, the surfaces of the active regions of the
p-type well 2 and the n-type well 3 surrounded by the
field oxide film 4 are thermally oxidized and formed
respectively with a gate oxide film 7.

15 - The pext step, as shown in Fig. 3, is to form
a gate electrode 8A (word line WL) of the memory
cell-selecting MISFET Qt, a gate electrode 8B of the
n-channel MISFET Q and a gate electrode 8C of the
p-channel MISFET Qp. The gate electrodes 8A (word line

20 WL), 8B, 8C are formed at the same time by sequentially
depositing the first layer of a polycrystal silicon film
and a silicon oxide film 12 by CVD on the semiconductor

. substrate 1 and then patterning.thé silicon oxide film
12 and the polycrystal silicon film by etching with a
.25 photoresist as a mask. The polycrystal silicon film is.
deposited by use of a mixed gas of SiH, and PH; and by
doping it with phosphorus in situ;

Then, as shown in Fig. 4, n-type impurities



33. 20 Fig. 35 is a diagramshow ng the contact structure

of a sem conductor device according to anot her enbodi nent of the
i nventi on. Figs. 36A to 36D are diagrans show ng the.
steps of fabricating a sem conductor devicé ot~ Fig. 35. 25 Fi g.

S S LA SO L SO0 PG ne oYL Engl 27 281551
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Figs. 40A to 4AQR ey &MAX AT wH9PEP DLt hend the n-type semiconductor
5 regions 10, 10 constituting the source and drain regions
of the n-channel MISFET Qn. Also, the p-type semi-

- conductor regions 11;'11 constituting'the source and
drain regions of the p-éhannel MISFET Qp are formed by
ion-implanting p-type impurities (boron) into the n-type

10 well 3. |
As shown in Fig. 5, a side wall spacer 13 is
formed on each side wall of the gate electrode 8A  (word
line WL) of the memory cell-selecting MISFET Qt, the
gate electrode 8B of the n-channel MISFET Qn and the
15 gate electrode 8C of the p-channel MISFET'Qp. After
that, a silicon oxide film 14 is formed by CVD over the
entire surface of the semiconductor substrate 1. The‘
side wall spacer 13 is formed by depositing a silicon
oxide film by the CVD process over the entire sufface of
20 the semiconductor substrate 1 and by processing the
silicon oxide film by anisotropic etching.
Next, as shown in Fig. 6, the silicon oxide
film 14 and the gate oxide film 7 are formed by etching

with a photoresist as a mask, so that a contact hole 19

25 teaching the n-type semiconductor region 9 of the memory
cell-selecting MISFET Qt is formed. After that, the
second layer of the polycrystal silicon film 16 is

deposited by the CVD process over the entire surface of



steps of fabricating a sem conductor device of Fig. 39. _ _ Fi g.
41 is a diagram show ng the contact ~structure of a sem conductor
device according to another 10 enbodi ment, of the invention. _

Figs. 42A to 42D are diagranms showi ng th€ 28 - steps of fabricating the '
seniconduct0r<¥ﬂ%ce of 43D are

i . i gs. 43A to. 4
di agr ans showi ng rﬁ?mﬁﬁéaéﬁﬁﬁwaségﬁﬁf%%ﬁi%g a¢§?UPEE#SEX?B?ngE#é§g$lCN
according to . é&“$§¥ﬁ 2 ibe nven hgg% (BhosRBOERE _
OF THE PSEFFE:%&%%E@ _ o EHB%EIJr s e \rll\:ln 82-
11 b S0 Mk cno ELSH Mt e R iR BTN

In 20 all the draw ngs for ex conponent

parts having the sanme fungidoON &% |dhdién in F€§§igna%§gd§%%$?ﬁgggg§

reference nuneral s respectively, and w not tw ce.
Fig. 1 is aSseciildnfin i SIS pathdFied bR e€Shif@Piyhagray and a
peripheral circuit of a DRAM accord- I ng to an enbodi nent of the

present inventiphlototesist as a mask thereby to form the first layer of
| the fin 16A constituting a part of a storage electrode
15. The first layer of the fin 16A is connected to the
n-type semiconductor region 9 of the memory
10 cell-selecting MISFET Qt through the contact hole 19.
Then, as shown in Fig. 8, a silicon nitride
film 50, a éilicon oxide film 51 and a BPSG film 52_are'
sequentially deposited by the CVD process over the
.entire surface of'the.semiconductor substrate 1, aftef
15 which the surface of the BPSG film 52 is subjected to
| reflow by annealing the semiconductor substrate 1.
Then, the surface of the BPSG film 52 is flattened by
etch back. |
As shown in Fig. 9, a silicon oxide film 53,
20 the third layer of the polycrystal silicon film 17 and a
silicon oxide film 54 are sequentially deposited by the
CVD process on the BPSG film 52. The polycrystal
silicon film 17 is doped with n-type impurities
(phosphorus).
25 _ .As shown in Fig. 10, a contact hole 55
reaching the fin 16A is formed in a silicon oxide film
54, the polycrystal silicon film 17, the silicon oxide

film 53, the BPSG film 52, the silicon oxide film 51 and



met hod of fabricating themw ||l be described later.

- 19 - The mai n surface of a sem conductor substrate 1
conposed of p-type single crystal silicon js fornmed with a p-type well
2 shared by the nenory array and the %éerheral circuit, and a n-type

o oh11"S 9 BRSCHER et uapl80, BRI Sl e
e oment 120l L0 Lhehd ghdat! | Arter THSCh PSR 48 ig. 4] g0 (he

channel st 0ppegohyR’ 13yeNdsacntOpB1itegsaanash sHcAPRaN ey |5 formed

]
in the-n-type : . A plurality of menmory cells of
the DRAM are depob2t&BdbiynthBecedt pyoceddl eh @het konalotPhoNd 155 iq t he

menory array. Each menory cell includes a nenory 15 cell-selecting M SFET
Q of n-chanebnt ype sndidoni B@lhide film 54. The polycrystal silicon
| film 18 is doped with n-type impurities (phoéphorus).
Thén, as shown in Fig. 12,.the fourth layer of
the polycrystal silicon film 18, the silicon oxide film
54, the third layer bf the polycrystal silicon £ilm 17,
10 the silicon oxide film 53, the BPSG-filﬁ 52, the silicon
oxide £ilm 51 and the silicon nitride film 50 are
sequentially patterned by etching with a photoresist as
a mask. |
As shown'in.Fig. 13, the silicon.oxide film 54
15 remaining between the fourth layer of the polycrystal
silicon film 18 and the third layer of the polycrystal
silicon film 17, and the silicon oxide film 53, the BPSG
film 52, the silicon oxide film 51 and the silicon
nitride £film 50 remaihing between the third layer of the
20 polycrystal silicon film 17 and the fin 16A are removed
by wet etching, thereby forming the storage electrode 15
composed of three layers of fins 16A, 17A, 18A.
Then, as shown in Fig. 14, the capacitive
insulating film 20 of silicon nitride is depositéd by -
25 the CVD process over the entire surface of the |
semiconductor substrate 1. After that, as shown in Fig.
15, the fifth layer of the polycrystal silicon film 21

is formed by the CVD process on the capacitive



i nformation storage capacitor C arranged above it. Specifically, a

menory cell has a stacked capacitor: structure with the information

storage capacitor C arranged above the nenory cell-selecting M SFET
Q. 20 The rrermry cell-selecti P M SFET @ of the nenor y
cell includes a, ai,r of

de
n-type senicon %f 2 imnﬁg Tge(EBtYEEYﬁﬁai FéEﬁCPngbi§¥leﬁé gate
I de 8A I f t t al 25
Chteor ol Ty for APSF St ei%?&y#%ﬁtmw £Ligt BbsbtERs) S ' P Lon™Hi P on
constituting the gate elegérgggngignﬁ he th&o gfthnigﬁg |gfd gp W th
€

n-type inpurities (such as phospho for UC|ng resis ance

val ue. _ 01¥Frystal silicon film 21 is ﬁQtterned by etching!#&th
active region o type well 2 of the peripheral “circult reglon S
formed withsa rhcﬂsmwi:esmt a4 SERaéR, tandothetnst pyateecaileetebdehe1a,t ype
well 3 with a p-channel M SFET Q. Specifically, the

after which the capacitive insulating film 20 is
patterned, thereby forming the information storage
capacitor C including the storage electrode 15, the -
‘capacitive insulating film 20 and the plate electrode
10 21A. |

Next, as shown in Fig. 17, the silieon oxide
film 22 and the BPSG film 23 are sequentially deposited
by the CVD process over the entire surface of the
semiconductor substrate 1, after which the semiconductor

15 substrate 1 is annealed to reflow the surface of the
BPSG film 23. 1In the process, the height of the memory
array .is increased by a size substantially equivalent to
the height of the information storage capacitor C as
compared with the height of the peripheral_cirduit.

20 Then, as shown in Fig. 18, the contact hole 24
reaching the other n-type semiconductor region 9 of the
memory cell-selecting MISFET Qt is formed in thelBPSG
film 23, the silicon oxide films 22, 14 and the gate
oxide film 7 by etching with a photoresist as a mask.

25 The diameter of this contact hole is about 0.4 to 0.6 pm
‘and the depth thereof is about 2 pm.

Next; as shown in Fig. 19, the polycrystalline

silicon plug 25 is filled in the contact hole 24. The



. sides of each electrode. A silicon oxide f

5 peripheral circuit of the DRAMis conmposed of a CMOS circuit

constituting a conbination of the n-channel M SFET Q0 and t he
p-channel M SFET Qp. The n-channel M SFET Qn includes a gate oxide
film?7, a gate el ectrode . 8B and a pai Blof n-type semni conductor regions

10, 10 10 (source and drain regions), and the p-channel M SFET (o
i ncl udes a gat PIFFFHahine sibieon | RG22 BT Hhiled in swyghrapf p-type

R A
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M SFET On and the gate electrode 8C of the p-channe
respectively. Al (iﬁ)lgﬁii'ymeéillfc&i ﬁtémcﬂé'iﬁ?lﬂ@ftson thef 8pgBA£9Imt he
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. m 14 is formed above the
silicon oxide f2a3,malzwificient over-etching is performed. The surface
height of the polycrystailine silicon plug 25,
therefore, is somewhat lower than the upper end of the
10 contact hole 24.
Then, as shown in Fig. 20, with a photorésist
as a mask;.the BPSG film 23, the silicon oxide films 22,
14 and the gate oxide film 7 are formed by etching with
fhe cohtact holes 26, 27 having a diameter of about 0.5
15 um reaching the n-type semiconductor region 10 of the
n-channel MISFET Qn of the peripheral circuit and the
cohtact holes 28, 29 having a diameter of about 0.5 um
reaching the p-type semiconductor region 11 of the
p-channel MISFET Qp._ After that, the Ti film 32 having
20 a thickness of about 35 nm and the TiN film 33 haviné a
thickness of about 70 nm are deposited sequentially by
sputtering on the BPSG film 23.
The Ti film 32 and the TiN £ilm 33 are
deposited continuously in an inert gas environment of
25 nitrogen or the like in order to prevent oxidization of
the surface of the Ti film 32. Also, in 6rder that the
Ti film 32 may be sufficiently deposited in the contact

holes 26 to.29 of the peripheral circuit higher in



25 the side wall spacer 13. An information storage capacitor
Cis forned above the silicon oxide film 14 covering the nenory
cell-selecting MSFET @ . The information storage -

- 21 - capacitor C includes a storage3® ectrode 5, a capacitive

' | ati film 20 and | at | ectrode, 21A. . j)
Cl oot fode 15 olTIREY iR Foph the STBFAgE RabacPt of LELPfcIhlBs s 16n
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the polycrystal silicon fil The storage el ectrode 15 I's connect ed
to the firsg N-HetRfese COAEYEE Odnd eehéNgafer or thet D6wiBFBE¥uUre/

cell-selecting MSFET @ through a contact
long-distance sputtering process in which a film is
formed under a low gas pressuie with the distance
widened between the target and the wafer.

Then, as shown in Fig. 21, the semiconductor

10 substrate 1 is annealed for about ten minutes at 650 °C
to form a Ti silicide layer 35A on the bottoms of the
contact holes 26 to 29 of the peripheral circuit, and
also to form a Ti silicide layer 35B on the surface of
the polycrystalliné silicon plug 25 in the contact hole

15 24 for bit line BL.

The contact hole 24 for the bit line.BL} which
is required to be electrically connected, must be formed
in a mannér not separable.

As shown in Fig. 25, in order to prevent

20 separation of the interface between the polycrystalline
silicon plug 25 and the Ti silicide layer 35B, the
thickness of the Ti silicide layer 35B is set to about

' 120 nm or less when the diameter of the contact hole 24
is about 0.6 um, set to about §4 nm or leés when the

25 diameter of the contact hole 24 is about 0.4 um, and set
to about 72 nm or leés when the diameter of the contact
hole 24 is about 0.3 to-0.2 um.

The thickness of the Ti silicide-film 35A is



'hole.19 formed in the silicon oxide film212 and the gate 15 oxide film7.

In Fig. 1, the gate oxide film7, the silicon oxide film12 and side
wal | spacer 13 are forned of .t he sane:ﬂyterjal SidJerr], and therefore
the interface t hereof is not shown. = - The capacitive :

[ [ [ d_ab 20 th t 2| ect, 15_i s gonposed of
2 Sl con BT AR o L (PE SR e R oRBOUBALROF H8d ABovaTt he

iti i ' i 0] ' - ._crystal silicon
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DRAM. Also; in the case of a DRAM requiring high
operating speed and a device with a DRAM and a
high-speed logic LSI formed on the same chip, the
thickness of the Ti silicide layer 35A is desirably

10 about 20 nm or more (contact resistance = 2 x 10”7 Qcm? or
lesé). The contact resistance of the Ti silicide layer
35A formed on the surface of the n-type semiconductor
region 10 of the n-chaﬁnel MISFET and the Ti silicide

~layer 35B formed on the surface of the polycrystalline

15 silicon plug 25 doped with n-type impurities is about 5
x 108 Qcm? regardless of the film thickness.

_ In this invention, the word "about" attached
to the figures ihdicate that an error of Max 10 % is
present as working tolerance.

20 Then, as shown in Fig. 22, a W film 34 is
deposited by the CVD process over the entire surface of
the semiconductor substrate 1. This W film 34 may be
configured of a‘double film including a W film (lower
layer) deposited by CVD and a W film (upper layer)

25 deposited by sputtering.

Next, as shown in Fig. 23, the bit line BL and
the wirings 30, 31 are formed by patterning the Ti film

32, the TiN film 33 and the W film 34 on the BPSG film



fhe menory cell-selecting MSFET Q is Connected to a bit line BL
~through a contact hole 24 forned in the BPSG film23, the silicon
oxide films 22, 14 and the gate 5 oxide film7. A polycrystalline si

plug 25 is
connected to
silicon plug

filled in this contact hoP® 24, and the bit line BL is

i con

e._n-typ sen1Q duct regiqn 9 via the polycrystalline
%g etching wit ?‘ﬂtroé‘%sﬂ'st p?(—? GeMarduct or regi on 10 of

10 the n-channel NISFE f t r|p raI necte
the bit line BL thr oughxgq%‘%t‘"g'ctmhge ?‘4 or rredlaﬁerf he g&?ge oxid

film?7, the s
second n-type

U.E&‘ég'nl%luqﬁt g{“(;fllm 362%.5 gfﬁﬁgh a?ﬁanne KB 5.

sem con region M SFET On

15 connect edgf0ahle thief $fi iR’ 3@‘ V:nrl reﬁld?ocﬂéuoc.w Jayer u?élm&@i

27 fornmed in

the BPSG fs| med3m 36 is formed wﬂ':'lﬁ cfdrft%tcﬂoﬁda@s SHYY C@II,dUﬁPIovﬁéwl

the gate oxide fi'l m it con oxi'de filnms 22,

of the p-channel M SFET @ of the peripheral circuit is 20 conne
to the first pagterpfing rthegmddalhfdlgh (duch asce &t dldey 26i Imy ned in
the gate oxide film7, the silicon oxide filnms 22, 14 and the BPSG

film23. Al sodeposited on the layer insulating film 36 thereby to

10

15

20

25

form the second layer of wirings 37, 38, 39.

| After that, the second layer of the layer
insﬁlating film 42 is deposited above the second layer
of wirings 37, 38, 39. The metal film (such-'as an Al

alloy film) deposited on the layer insulating film 36 is

'patterned_thereby to form the third layer of wirings 43,

44, 45. 1In this way, the DRAM according to the inven-
tion shown in Fig. 1 is substantially'completed.

| The invention developed by the present
inventors was described above specifically with
reference to an embodiment. The preseht invention is
not limited to the above-mentioned embodiment, however,
and can of course be modified in vaiious ways without
departing from the scope and spirit of the invention.

Accoxrding to the above-mentioned embodiment,

explanation was made about a DRAM having a memory cell
of stacked capacitor structure. The present invention,
however, is applicable to semiconductor integrated |
circuit devices in general, in which the main surface of
a semiconductor substrate is formed with a relatively

high first region and a relatively low second region, a

dto
e

t he
IS
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14 and
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cted



the second p-type sem conductor region 11 of the p- channel M SFET (@
is connected to the first layer of 25 wring 31 through a contact hole 29
formed in the gate oxide film?7, the silicon oxide filnms 22, 14 and

t he BPSG fi m 23. "~ Tme ¥t line BL and the first |ayer
of wrings . sy s : v 23 - 30, .31 are
conposed ofza?%&X?ﬁX?Eﬁ}%T?%c?h%%c?ﬂchﬂgan the gape FPPﬁngfgg %’ S ilm
33 and a Wfil Sl | t . Qrd L b d are
arranged in th£elg g‘g}?réé ééﬁyc%??%‘éofag%#l ﬁ'hgfs%&gg}cﬂégg?" ?%ég% 3% ystalline
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line BL and the n-type sem conductor region 9 o - T nory
cel | -sel ecti ntald SId R rs€ $0MIBInAhELCR Fbgion ofi khel d2rkay@eqdeR by the

reacti on between the pol ycrystal siliconh and the Ti film 32 maki ng up
a part 1050f e thé finetBlayétsef Bhdi wirihgi dadl alier steomadwiying
connected to the second semiconductor region of the
' second region through the second contact hole are
composed of a W-TiN-Ti film in the same wiring layer.
| | Now, explanation will be made about various
10 embodiments of a contact structure between a wiring
metal section and semiconductor regions of a semi-
- conductor deviée and a method of fabrication thereof
according to the present invention.
- A contact structure of a semicohductor device .
15 according to an embodiment of the invention includes, as
shown in Fig. 27, a silicon substrate 151 and an
insulating film 154 formed on the surface of the.siiicon
substrate 151, in which a device forming region 153 and
an electrical wiring metal 160 formed on the silicon
20 substrate 151 in the contact hole formed in the insulat-
ing film are connected through a titanium silicide film
156.
This contact structure of the semiconductor
device is fabricated by the method shdwn in the
25 sectional views of Figs. 28A to 28D.
(1) The dévicé isolation region 152 and the device
forﬁing region 153 are formed on the silicon.substrate

151 (Fig. 28A).



the reaction between the silicon substrate (n-type sem conduct or
region 10) and the Ti film 32 constituting a part of thewiring 30 is
formed on the bottom of the contact hole 27 connecting the first |ayer
of wiring 30 15 and the n-type seni conduc88r =regi on 10 of the n-channel

M SFET of th eripheral ciycuit. In simlar . fashiop, a Ti silicide
| ayer 3??;\ is fd pd“d’&%é"he eVIER (NG v@’ﬁ%?‘héﬁl’r%o&?ﬂ%&t rafe
-t ' sem_cqnquct or_.r.egi 11 nd the Ti_film32 constitutipg 20 a
Lot YBE the wi ATIRE LA L8 (a0 g i e o e B Fttags o8
ti t he (&l s qls N an - ' uct or
: ?gginng] I1290f- tr?ele[)-clal?rég{ sq;bé%{dtgé%]]@ dl‘hen, e ﬂl_édf)%jzﬁ?h?g ness of

the Ti silicidgsgayer e iftH Igaqzdm._%é@ N d acss o@;}lﬁu_ﬁgpﬁgpryst alline

silicon plug 25 is about 125 nmor less for prev e
separation 9f thg i Al ¢iftaes REPFEeD 15E Plddgosiedd 188 the tRitks&8sP! Ug

25 and the Ti silicide layer 35B. In

of 8 nm or more in such a manner as to contact the upper
'surface of the device forming region'153 on the bottom
of the contact hole 155 and on each side wall of the
insulating film 154 in the contact hole 155 and on the

10 upper surface of the insulating film 154 (Fig. 28C).
(4) The silicon substrate 151 deposited with a titanium
film 157 to the thickness of 8 nm or more is heat-
treated thereby to cause silicide reaction between the
titanium film 157 and the silicon of the device forming

15 region 153, thereby forming a titanium silicide film 156
in the interface. |

In the process, the heat treatment conditions

are set in such a manner that the titanium film 157
causes silicide reaction with a thickness of 4 to 48 nm,

20 or preferably 8 to 34 nm. The thickness of 4 to 48 nm
of the titanium £film 157 corresponds to the.thickness of
10 to 120 nm of the silicide layer, and the thickness of
8 to 34 nm thereof corresponds to the thickness of 20 to
84 nm of the silicide layer. |

25 If the silicidation is to occur, the heat
treatment temperature is required to be at least 650 °C
or more or preferably at least 800 °C or more, for the

reason described later. Also, this temperature is



- 24 - contrast, the thickness of the Ti silicide | ayer 35A
formed on the surface of the p-type sem conductor region 11 of the
p- channel M SFET @ is about 10 nmor nore in order to reduce the
contact resistance between the 5 mnrlng3§l1ﬂuithe p-type sem conduct or
region 11 a I nsul ating.fi.lm36 is
ot

_fﬁrneﬁ above t4ﬁ§¥¥?g%yl%&€b dé %er T 3B, °§ée§n5°tﬂﬁrve ) FfrFﬁQnBL f
1 con oxi de 31 | PE-L618% 2Py *Bﬁéﬁeéisl?F?n¥%§dsef BB0Son oxide f1im
The first layer of the Ig%gr %ff&iééfggnféﬁnihe tlﬁQPiﬁ?f@%EEdlgbtgiEﬂe

second | ayer of wrings e materia e second | ayer
of wirings 37,¢@8 thickneds &HO089EcNS4 ﬁaeféaasakbythént&ednlhﬁ an Al alloy

15 single-layer filmwth silicon or copper (Cu) thereto or a
l'am nated il ngid ididé NePImOLl € M&RiAGCEhe thlanhébsdepoaoted ghoya.and
under an Al alloy. The wiring 37 arranged above the nenory array is

conposed of a This bdupy weasohiof, therfazanphat ONkiocdnt bhivkernghadls, 39
titanium by a factor of 2.3 is theoretically consumed
thereby to form a titanium silicide film thicker by a.
factor of about 2.5.

10 Now, explanation will be made about the
operation and effect of the contact structure of a
semiconductor device according to this embodiment with
reference to Figs. 29 to 32.

Fig. 29 is a diagram schematically showing

15 positions of interfaces of titanium silicide and silicon
generated due to the silicidation. As shown in Fig. 29,
the titanium film 157 is deposited on the silicon
substrate 151, and the silicon sﬁbstrate 151 is caused
to react with the titanium film 157 by heat treatment to

20 form the titanium silicide film 156. 1In this case,
theoretically, silicon thicker than the titanium f£ilm by
a.factor of about 2.3 is consumed and the titanium
silicide about 2.5 times thicker than the titanium film
is formed. Due to the volume change (volume reduction)

25 and density change caused by the silicidation between
the silicon substrate 151 and the titanium film 157,
therefore, the position'of the interface between the

silicon substrate and the titanium silicide film formed



20 (wring 38) arranged above the peripheral circuit is connected to

the first layer of the wiring 30 through a contact hole 40 formed in
the layer insulating film 36, and the other wiring 39 is connected to
the first |ayer of the wiring 31 throd$h=a contact hole 41 formed in

22§0n55la;2¥egfh?ﬁglatlQQW§¢:%b§ 1gon side gy, a f%?ggg é?yﬁrgh gégﬁhﬁd | ayer
t .

o5 o 1 IHRAE 4O 159 Phe o Lhant o BBleR, RROFeRERIOn i1

36, for exanpl gpd 1?%gﬁ&§ dfg?a?fhﬁﬁg iﬁ¥§£f§ce 101'93!&?&#”9h@"m

deposited with a SI| | ass m and
silicon oxide fiﬂéﬂlétiﬁ&“flfhcﬁSﬁ”and the sxllcon sﬁb§t£§¥8rlgﬁovelhhe

second | ayer insulating ™ Im42 is formed with the third | ayer of the
Wi rings 5 4Zhdtdcadd whdre nﬂiértﬁta@iuﬁlh§llﬂtide| a¥efoehelin€o the
‘thickness of 20 to 84 nm, for example, the distance
between interfaces 101 and 102 is 18 to 78 nm.
In the case where the titanium'silicide is
formed to the thickness of 10 to 120 nm, for example,

10 the distance betweeh the interfacés 101 and 102 is 9 to
110 nm. |

The volume chénge (volume reduction) and the
density change due to the silicidation also generates a
stress in the titanium silicide film.

15 Fig. 30 is a graph showing the stress
generated in the film due to the silicidation. The
stress value is a measurement obtained in an experiment.

As understood from Fig. 30, thé internal
stress of the film suddenly increases at a heat

20 treatment temperature of 550 °C or higher. This is due
to the silicidation at 550 °C or higher and generation
of a titanium silicide film. The generation of a
‘tensile stress of 1000 MPa at maximum in the titanium
silicide film is experimentally obvious.

25 - Fig. 31 shows the result of analyzing the
average stress (shearing stress) generated in the
interface between the titanium silicide and the silicon

by the infinite element method taking the contact



Wi rings 43, 44, 45, though not specifically linmited, is 10 an Al alloy

single-layer filmor a lamnated filmwith a - barrier nmetal such as TiN
deposi ted above and under an Al aIIo&, for exanple simlarly to the
second | ayer of the wirings 37, 387a d 39. The wiring 43 arranged

B0V er aon R Y GOF ARG o e P00 ye8 daEekgtheals | o
wth a passivablgh ¢y 2raE A0S Yhneidefle foh AM RETAGRLE! £2oh! Figon 3axI de

filmand a silicon nitri e passivation frimirs With a

20 protective 4y 'ené%@%vﬁr@wé rn&'fe '@fhflefSr M £8ULERE ant, thBough not

shown. Now, an exanple of a nethod of fabricating a

DRAM havi ng t hgrehpjee-s@dds é%étéatiﬁ ¥hé | iPEerface eXRERLASEs Wil Bh
reference to Figs. 2 to 24. First, as shown in Fig. 2, a

part of ths naihe increubd asfe 1§tie tHiei SlemésONGEICt e SUbshiakesilieifier med
wth a n-type well 3 by injecting ions of a n-type inpurities
(phosphor us), fdriohamvdtiler jrarthe hEassfwheré othedthitkness of the
titanium silicide film is conStént, the average stress
generated in the interface increases with the decrease
in the diameter of the contacf hole.

10 .Comparison between the analysis result and
experimental data 6n defects thus obtained determines
that the critical stress causing a breakdown is 280 MPa.
In order.to prevent separation of the titanium silicide
film, it is indispensable to design the average stress

15 generated in the interface not more than the critical
.breakdown stress value. Specifically, in the case where
the thickness of the titanium silicide film is 84 nm or
less, the average stress exerted in the interface can be
maintained not more than the criticai breakdown stress

20 regardless of the diameter of the.contact hole. 1In the
case where the contact hole diameter is larger than 0.4
um, on the other hand, the average stress generatéd in
the interface can be reduced to not more than the
critical breakdown stress value without reducing the |

25 titanium silicide film thickness to 84 nm or less. In
the case whére the contact hole diameter is 0.4 yum or
less,_however, the increase of the titanium silicidé

thickness to more than 84 nm may separate the titanium



- 26 - p-type well 2 by injecting ions of p-type inpurities

(boron). After that, the surfaces of the p-type well 2 and the n-type
well 3 are formed with a field oxide film 4 by sel ective oxidization
(LOCCS). Then, p-type 5 |npur|t|es (boro#P are ion-inplanted in the

e n G AR i it
d
PSS, G o AR s o RES PSR |2
II
e3P 1 g ey ek e 8 ST

oxi de film4 arg, tch?‘dé@'t’:d/ ﬁi‘é&%&@dtl?é'dsé}?éf%mn ofréﬁéeﬁitéiﬁh.ﬁmw th a
gate oxide film7. he next step, as shown in Fig. 3, isto

form a5gat§ipiﬁaé o1 A (word line W) of the menory
cell-selecting MSFET @, a gate electrode 8B of the
Fig. 32 shows the result of studying the

relation between the breakdown defect rate (separation
of the titanium silidide film) and the thickness of the
titanium silicide film obtained on a test-produced

10 contact hole having a diameter.of_0.4 pum for verifying
the above-mentioned facts. It is 6bvious that with the
titanium silicide film ﬁhickness of up to 75 nm, no
defect occurs. With the titanium silicide film
thickness of over 84 nm, however, defects suddenly

15 increase. This fact shows that in the case of forming
the titanium silicide film.156 by the silicidation
between the titanium film 7 ahd the silicon in the
contact, the thickness of.the.titanium silicide film is
‘required to be reduced to 84 nm or less, preferably 75

20 nm or less for préventing the breakdown defect of the
titanium silicide film from occurring in the interface
between the silicon and the titanium silicide film.

It is experimentally confirmed that the

contact resistance increases for the thickness of 20 nm

25 or less of the titanium silicide film. The thickness of
the titanium silicide film, therefore, is required to be
increased to 20 nm or more for the parts requiring a low

resistance.



n-channel M SFET Q and a gate el ectrode 8C of the p- channel M SFET Q..
The gate el ectrodes 8A (word line 20 W), 8B, 8C are forned at the sane
time by sequentially depositing the first | ayer of a polycrystal
silicon film ~and a silicon oxide filFmil2-by CVD on the seniconduct or
substrate 1 and then patterning the silicon oxi t he

de f1l 12 d.
pol ycrystal silicon filmbYy SRR HPHREH £oT 03 sgﬁ%i%?%@?%?cﬁslganﬁgk. The
| tal sili filmi d jted b f I xed f :
DoY) S UG]S ance REHLSH B, K EE
Then, h 11 Fi,0s -t ' | 1] cms s . . .
57 7 S ohodiie tfickedt JFTATTHILARIn ilicids filp 15 requized

- 27 (phosp are 1Ton-inp pe Wwe
to formthe n-t : t regions 9, 9 ~constituting the source
and drain regigﬁgqgfqg%ggﬁgﬁgréﬁ' cell-selecting MSFET @ and the

p-et iygﬁssem' eonductor 5 &ehRdSnd Oco 1oh£oNEhbbEL hEAL ] NEsSEHERA aRdFdGai N
) ' 27, the titanium film 157 not used for the silicidation
exists between the titanium nitride film and the
titanium silicide film. |

As deséribed above, the interposition of the

10 titanium film 157 between the titanium nitride film and
the titanium silicide film reduces the internal stress
of the titanium nitride film and increases the separa-
tion strength of the titanium nitride film more than
when the titanium nitride film and the titanium silicide

15 film are deposited one on the other directly.

In order for the titanium layer 157 to exist
between the tiﬁanium nitride film and the titanium
silicide film, it is necessary that the thickness of the
titanium layer 157 is more than required for silicidé

20 reaction and that the temperature and time of heat
treatment is appropriately controlled to secure the
thickness of the titanium silicide film of 20 to 84 nm.

Iﬁ the sectional view showing the contact
structure of a semiconductor device according to the

25 present embodiment shown in Fig. 27, the titanium
silicide film 156 is formed in the interface between the
‘electrical wiring metal film 160 and the device forming

region 153 in the contact hole 155 on the bottom



of the n-channel M SFET On. Al so, the p-type sem - conductor regions

11, 11 constituting the source and - drain regions of the p-channel

M SFET @ are formed by ion-inplanting p-type inpurities (boron) into
the n-type 10 well 3. As 4RBown in Fig. 5, a side wal
spacer 13 is formed on each side wall of the gate el ectrode 8A (word

line W) of thé&hanaass c&he s‘&?R&:"f iswFiacsof cghe (fitaniumgiligide rode 8B
M SFeT anChannte‘-JeTlM 56 i forned i Ui eLeevirdal et iRacithy b bbiBver
w1 spacer 13 48D STRRF) Teba A Fsar 19E e Eéagiwl Fim 157 he ovo
~process over t %eeq:tnfa%n. 2o eéf‘olxﬁln#% b sﬂf@%ﬁﬁéeﬁé’ﬁsﬂfﬁelggand

by processing tt |con oxi1d

Next, as shgwn g cF' %hé’uﬁr#& %dfwt CB‘f e msﬁiéé‘i&é Ayt 9949%6 OX' de

filn17 are orne by et chi otoresist as"a mask, so th
contact hole 1%&&1{@@&1&9 tHe ﬁﬂa&pﬁnﬁemmnﬂw; OFh& egi €8n fullf the

menory cell-selecting MSFET @ is formed. After that, the
nitride £ilm 158 and the tungsten £ilm 159.

The titanium film 157 is not necessarily

present, but the titanium nitride film 158 may be formed

10 in direct contact. Also, the structure is not limited
to the titanium nitride film 158 and the tungsten film
159, but the electrical wiring metal film 160 may be
composed of, in addition to titanium metal, titanium
nitride or tungsten, such a material as an aluﬁinum

15 alloy, molybdenum silicide, tungsten silicide or a
1aminéted structure of any combination of these
materials. Further, other conductive films or
insulating films may be employed with equal effect. The
structure is not necessarily a lamination of different

20 types of materials.

Now, a sectional view of a contac; structure
of a semiconductor device and a method of fabrication -
thereof_according to another embodiment of the invention
are shown in Figs. 33, 34A to 34D.

25 Specifically,
(1) The device isolation region 152 and the device
forming region 153 are formed on the silicon substrate '

151.



second | ayer of the polycrystal silicon film16 is deposited by the
'CVD process over the entire surface of

- 28 - the sem conductor substrate 1. The polycrystal silicon
film16 is doped with n-type inpurities ¢(pédsphorus) like the first
| ayer of the poI crystal silicon film en, as shown in

Fig. 7, the poll%rydther %3QRY#QRnﬂﬁ|#Qﬁ@%#|%np5?%e¢ﬂ%HC%y @?@Eﬂﬁ? MAagAa
h k t to formigh the fin

Ponsti Lut i ng- o SRR %d&%fe%‘mﬁé‘f 158785 £ormed, ohashe of ‘the

renory 10 EZFF@%‘*‘SC%‘%J% Sl IRASEn (Rt onthe, Sobfact Ro16"Tss

Th h I : A\l icon oxide

(st and a dssdameds a?*eé'%fs%%%“éﬂ IR IETI L NS

process oves the) Thé%rﬁlﬁaqlﬁﬂﬁf@fﬁnﬁsi@s%&@féé&t% EHESthBERndss

atter of 8 to 34 nm in a manner to contact the upper surface
of the device forming region 153 on tﬁe bottom of the
contact hole 155 and on each side wall of the insulating
film in the contact hole 155.

10 (4) The silicon substrate 151 deposited with the
titanium film 157 to the thickness of 8 to 34 nm is heat
treated so that the silicidation is caused between the
titanium film 157 and the silicon of the device fbrming
region 153, thereby forming the titanium silicide film

15 156 in the interface. |

For the silicidation to occur, the heat
treatment temperature of at least 650 °C is required,
and the temperature of 800 °C or more is preferable.
Also, this temperature is preférébly 1000 °C or less for

20 preventing the diffusion of the impurities introduced in
the silicon.

Accordihg to this embodiment, as shown in
Figs. 34C, 34D; the titanium film 157 formed in contact
with the bottom of the contact hole 155 is entifely

25 composed of a titanium silicide film.

As describéd above, in the case where the
-titanium film 157 is subjected to silidide_reaction in

its entirety, the thickness of the titanium silicide



15 which the surface of the BPSG film52 is subjected to refl ow by .
anneal i ng the sem conductor substrate 1. Then the surface of the BPSG
filmb2 is flattened by et ch back. As shown in Fig. 9,
a silicon oxide film53, 20 the third Iy -of the polycrystal silicon

film17 and a silicon_oxide filmb54 are se uen |aIIy g % sited by the
CVD process onf%%@'BFEEFkl+ﬁ1@§te¥ﬁénﬁGI9¥r§§Fa ne§§|p Im 17 is

d d th t t h As sh i

e O S bEen B ELLR®157, cbRIBRPABLITY: cofiBronaefs oy 1o 2ol ton
ide fil 54, the 7 et iq 'd

fi1m 53 {“he oPSG |-m%%%%f%3@%?#%%%*1%&%33%% figafand 'k oxide

- 29 - Eéﬁ%ﬁﬁ“sﬂli&iéé Eibmp QerMeEBE*i'tEG Whhho% R Sther

resist as a nas After that, as shown in Fig fourth |ayer of
the pol ycryst adi sébtt9nabtbiiiflgi €0 this embod:.ment, the internal
stress of the titanium nitride fllm is higher than when
the titanium film 157 is interposéd between the titanium
nitiidé film and the titanium silicide £ilm.
The sectional view of a contact structure of a

10 semiconductor device and a method of fabrication thereof
Iaccording to another embodiment of the invention are
shown in Figs. 35, 36A to 36D.

(1) A device isolation region 152 and a device forming
region 153 are formed oh the silicon substrate 151.

15 After forming a device on the device forming region 153,
the insulating film 154 is formed on the device. This
insulating film is composed of a silicon oxide, for
example. The insulating film is formed with the contact
hole 155 having a diameter of 0.4 pum or less in order to

20 secure continuity with the device forming region (Fig.
36A).

(2) A polycrystal silicon film 161 is formed, for
example, by the CVD (chemical vapor deposition) in such
a manner as to contact the upper surface of the

25 insulating_film 154, each side wall of the ihsulating
film in the contact hole 155 and the upper surface of
the device forming region 153 on the bottom of the

contact hole. The interior of the contact hole 155 is



deposited by the CVD process in the contact hole 55 and 5 on the silicon

oxide film54. The polycrystal silicon film18 is doped with n-type
i mpurities (phosphorus). Then, as shown in Fig. 12, the
fourth Iayer of t he polycrystal silTcoh Tilm18, the silicon oxide

Lilrlon OXIde #?f%?%g&QF%a¥%ﬁs§§%§$ﬁyggax éit Ppcgh&qon f&%ﬁm;ﬂaﬁrn51t2ﬁd
the silicon “'£ﬁéQSoi&££¥§9ﬁfr§111con5@ﬁﬂﬁ“&b§§EXtaﬁtBﬁr%@% %& hlng wi th

a photoresi st as

silicon oxide éﬁff&?é of5¥h%n$§§ﬂ glﬁﬁ ggﬁ Eguihﬁobéﬁe gokﬂﬂﬂin

pol ycryst al I con | ayer of the p ycryst

silicon filmldy grd 1bﬁe8hétﬁga e¥ige §5bq153 t he BPSG filmb52, the
silicon oxide filmb51 and the silicon nitride filmb50 remaining

between the thizg |Ayeitehithesi2h 180! Yer yebakited €on thid mwhlitkarsbd he fin
16A are renoved by wet etching, thereby form ng the storage el ectrode

15 composefl ®fnmhoeembagein af mbhnerl@sd, cbndact8khe upper surface
Then, as shown in Fig. 14, the capacitive
of the lnsulatlng film 154, each side wall of the
insulating film in'the contact hole 155 and the upper
surface of the polycrystal silicon film 161 on the
10 bottom of the contact hole (Fig. 36C).
(4) Then, a titanium silicide film 156 is formed in the
interface by the silicidation between the titanium film
157 and the polycrystal silicon film 161 by heat
treatment. The titanium film 157 is formed with the
15 .thicknéss of 8 to 34 nm by this reaction. As a result,
the -thickness of the titanium silicide film 156 formed
by heat treatment is 20 to 84 nm. The heat treatment
temperature for fo:ming silicide is at least 650 °C or
more, or preferably 800 °C or more. Aiso, this
20 temperature is preferably 1000 °C or less for preventing
the diffusion of the impurities introduced into the
silicon (Fig. 36D).
According to this embodiment, as shown in Fig.
36B, the process is required for depositing the
25 polycrystal silicon film 161 in such a manner as to
contact the upper surface of the insulating film 154,
each side_wall of the insulating film in the contact

hole 155 and the upper surface of the device forming



insulating film20 of silicon nitride is depdsited by 25 “the CVD process

"over the entire surface of the sem conduct or substrate 1. After that,
as shown in Fig. 15, the fifth layer of the polycrystal silicon film
21 is formed by the CVD process on Th&6capacitive :

sores i (HRBL s P o BB e ST Bl
16, the fifth | .of t I | s i Sl m 2L terned b
ctching vith iBEREARS: BRosPe SHRRatRLER IR, 125 A He Rl Ft Bfae 21,
~aft which th L Is l.at i fi | t éggk' b
?orﬁir ng !t‘r:]e in?g?%&?&%&h}fgégggoi Il%qdalﬁglg t%% t’% ioﬁfcltu H% e st}%%:%g Y

electrode 15, igg is detPRaskl therldy ¥ FadillifaAd &b tdl%d%iaéfon of
el ectrode 10 1A. Next, as shown in Fig. 17, the silicon
oxide  dilghd2tandnifh BRI@ fishmisd thet nedtuetidpl |y deposited

With the reduction in the diameter of the
contact hole, the-;spect ratio (depth/diameter) of the
contact hole tehds to increase. It is therefore
difficﬁlt to cover the wiring metal of a sufficient

10 thickness on the sides and bottom of the contact hole by
the conventional sputtering process.

The titanium film can be easily deposited to
the thickness of 8 nm or more on the sides and bottom of
the contact hole, however, by filling the polycrystal

15 silicon in the contact hole and thereby reducing the
depth of_the'contact hole by the CVD technique superior
in step coverage.

Also, according to this embodiment, as shown
in Fig. 35, the titanium film 157 not used for silicide

20 reaction exists between the titanium nitride film and
the titanium silicide film. |

As described.above, in the case where the
titanium film 157 is interposed between fhe titanium
nitride film and the_titanium silicide film, the

25 internal stress of the titanium nitride film can be
| reduced and the separation strength of the titanium
nitride film can be increased mofe than when the

titanium nitride film and the titanium silicide film are



by the CVD process over the entire surface of the sem conduct or
substrate 1, after which.the sem conductor 15 substrate 1 is annealed to
reflow the surface of the - BPSG film23. In the process, the height of
t he nenory array is increased by a si Ad substantially equivalent to

t he height of the informati on storage capacitor C as conpared with the
hei ght of the papqtited direetly om® on the otherhen, as shown in Fig. 18,

the contact hole 24 reachi ng t he ot her n-tyge sem conductor region 9
of the menory cel | - EPRcEhegtiraium Gayert b hetioj Ret hiBtepResed | m

2 e ol O e LAd 2 e S0P L 9P B e BRLSBLERDER Y
role) s a0out Qe s QL) Teng i BlEndHE 852U LESLERL dhoadiH 12
?ighc?n plug 2§éf&é&difﬁhiibtﬁéfﬁé%%a€ﬁa§°£§qéfre3hfor silicide
reaction, and the temperature and time of heat treatment
controlled to set the thickness of the titanium silicide
£ilm to 20 to 84 nm.
The semiconductor device according to this
10 embodiment is such that the titanium silicide film 156
is formed in the interface between the electrical wiring
metal £ilm 160 and the polycrystal silicon 161 depoéited
directly on the silicon substrate 151. The upper
surface of the titanium silicide film is deposited with
15 the electrical wiring metal film 160 includihg the
titanium film 157, the titanium nitride film 158 and the
tungsten film 155. Also, the upper surface of the |
insulating film 154 is deposited with the titanium film
157, the titanium nitride film 158 and the tungsten film
20 159. The titanium film 157 is not necessarily left; but
the titanium nitride film 158 may directly contact the
upper surface of the insulating film 154. Also, the
titanium nitride film 158 and the tungsten film 159 are
not limited to the shown ones, but may be replaced with
25 another conductive film or an insulating film with equal
effect. Further, the lamination structure is not
necessarily of different materials.

A sectional view of the contact structure of a



pol ycrystalline silicon plug 25 is filled in such a manner that a

polycrystal silicon filmis deposited by the CVD process on the BPSG
fi.lm 23, and then the pol ycrystal silicon filmis renmoved fromthe
BPSG film 5 23 by etch back. In the procd$s ~in order to preventff t he

ol ycrystal silicon fr beln |l eft on the BPSG film a sufficient
gvey-etchingisfﬁﬂﬁqQﬂ oy %&E?a%%ﬂ a meﬁ%?%h?fofaPﬁécﬁBF9Er§§P§PP¢ne
silicon plug 25 t herefore SQITE over than the q of
the 10 contactoGeEding to andther embo +Eﬁp BTEhB anlﬁlggg ,firth a
phot or esi st the BPSG film 23, the silicon oxide fllns 22,
14 and the gate OXIJ? ¥ in17 are formed by etching with t he cont act

hol es 26, 27 haming | R r h e n-type
sem conduct or 3§3Poﬁ§Tg of tféafgo n- G%ann%féﬁdgggTéﬁ% €?8 ﬁ%gpéglphera
circuit andst heorming Gégidn s 2sa s, féﬂn@@%ﬂgtﬁedgﬁﬂf&% QLbQQQHEeO 5

[err]m reachi ng the p-type sem conductor region 11 of
p-channel M SFEBI Q. Aftexr fidwtiing he dévide WiﬁZtll‘ﬂéVdiéﬁlcaofoﬁmithkneSS of
about 35 nmand the TiN film 33 having a t hi ckness of about 70 nm are

deposi ted sequergizn 153, the upper surface of the device is formed

with the insulating film 154. This insulating film 154
includes, for example, a silicon oxide. The insulating

10 £ilm 154 is formed with the contact hole 155 in order to
assure continuity with the dévice forming region 153
(Fig. 38a).
(2) The polycrystal silicon film 161 is deposited by
the CVD (chemical vapor deposition) process, for

15 -exémple, in a manner to contacﬁ the upper surface of the
insulating film 154, each side wall of the insulating
film in the contact hole 155 and the upper surface of
the device forming région 153 on the bottom of the
contact hole, and the contact hole 155 is filled with

20 the polycrystal silicon 161. After that, the
polycrystal silicon film deposited on the upper surface
of the insulating film 154 is removed by etching or the
like (Fig. 38B).
(3) The titanium film 157 is deposited to the thickness

25 of 8 to 34 nm in such a manner asltq contact the upper
surface of the insulating film 154, each side wall of
the insulating film in the contact hole 155 and the

upper surface of the device forming region 153 on the



sputtering on the BPSG fil m 23. The Ti film32 and the TiN

film33 are deposited continuously in an inert gas environnent of 25
nitrogen or the like in order to prevent oxidization of the surface of
the Ti film32. Also, in order that the = 49 FH film 32 may be sufficiently

[ [ cont ac holes 26 to 29 of the peripheral circuit
ﬂ?gﬁ:;tfg 'n trg%ttom of the contact hole 155. . 32 P P aspect ratio

25 such a met ol | ot ot tanfimckifn' 187 ang, e Bt Tetnngtorbecaevine
A target and { ROMEHE Yol 355 488 BupTretoR £ 4T b LRE ER e toPaPing
B Seane,! " M i of |SKATILUNGE) fubatges BEESaUESAILY (he
Then, as shgwn withithe i tddFu® Of1 GRNMSFI 5 the thickness of 8 to 34
| nm thereby to form the titanium silicide film 156 in the
inferface.
The heat treatment temperature for forming the
silicide is preferably at least 650 °C or preferably 800
10 °C or more. Also, this temperature is preferably 1000
°C or less for preventing the diffusion of the
impurities introduced into the silicon.
| According to this embodiment, as shown in Fig.
38B, the process is required to deposit.thé polycrystal
15 silicon film 161 in such a manner as to contact the
upper surface of the insulating film 154, ﬁhe side walls
of the insulating film in the contact hole 155 and the
upper surface of the device forming region 153 on the
bottom of the contact hole. Since the interior of the
20 contact hole 155 is filled with the polycrystal silicon
161, the depth of the contact hole 155 is reduced,
thereby facilitating the deposition of the titanium film
157 in the next step.
With the reduction in the diameter of the
25 contact hole, the aspect ratio (depth to diameter ratio)
_ of the contact hole tends to increase. It is difficult
therefore to cover the wiring metal of a sufficient

thickness on the sides and bottom of the contact hole by



10 substrate 1 is annealed for about ten mnutes at 650 [err]C to

forma Ti silicide | ayer 35A on the bottons of the contact holes 26 to
29 of the peripheral circuit, and also to forma Ti silicide |ayer 35B
on the surface of the polycrystalline38iticon plug 25 in the contact
hole 15 24 for bit line BL. The contact hole 24 for the

bit Iine BL, wkh€hconventionad, SRl ™ QIS9%al |y connected, nust be
f or med in a nanner eparabl e. Fj 25
in order to prevent %‘@p%’%ﬁ"dﬁ“bfflr]ﬂb 9aR &g ecaés"br:‘fvé oﬁh%ed td

pol ycrystal l'in n _p e I

t hi ckness of t geTFhl%th °&a$gpﬁbgﬁng§h%%t¥* é&% éﬁ% nn1or fess
when the di ane coRfact Whd- get to

about 84 nn1orkﬁ%sgg EQ%t %Bl% hgﬁgneter e ?gﬁtact é%# é%-ls about

0.4 [err]mg angﬂ.@kon in meawtaé% 'HBl‘E aﬁ&émﬁﬁﬁ@ecm ad@éﬁ'i @f the

cont act hole 24 is about 0.3 to 0.2 [err]m

t hi ckness of tigheTiconithict G@1ld b ?c% icVD technique superior in step
coverage. -

Also, according to this embodiment,'és shown
in Fig. 37, the whole of the titanium film 157

10 constitutes a titanium silicide film.

In this way, in the case where the whole
titanium film 157 is subjected to silicide reaction, the
thickness of the titanium silicide film, which is
determined by the thickness of the titanium f£film 157,

15 can be easily controlled.
| In this case, since the titanium nitride £film
and the titanium silicide film are diredtly.deposited
~one on the oﬁher,-the internal stress of the titanium |
nitride film.is ihcreased as comparéd with the case in
20 which the titanium film 157 is interposed between the
titanium nitride film and the titanium silicide film.

The contact section of the semiconductor
device according to this embodiment is formed with the
titanium silicide film 156 in the interface between the

25 polycrystal silicon 161 deposited directly on the
silicon substrate 151 and the electrical wiring metal
film 160 in the contact hole 155. The upper surface of

the titanium silicide film is formed with the electrical



- 33 - set to about 10 nmor nore, as shown in Fig. 26, in

order for the contact resistance of the wiring 31 connected to the
p-type sem conductor region 11 of the p- channel M SFET Q of the
peripheral circuit to be 5 about 6 x TOP&rr] [err]cn[err] or |less

al | owabl e for an ordlnary t he ca e of a M requiring

Ih| gh 5 foper“ﬁtliw a@fdlr:%whﬁécfﬁ‘%ﬂ'i“% BranFahanum nrEs fA§h- speed
| oer 35A 1 o aadimagE S i, ﬂfﬁfﬁ?ﬁ&l%ﬂ*%@%ﬁiﬁ?{?@ %‘%ﬁ?hl AN
10ferv] Lo ) oy rr]gg,gf%%ess#%@eofo&ﬁgq?gg;amgcm 155 T

silicide |ayer e surface sen1con§uctor

‘region 10 of t T I de 35B forned
b S M S E1¥hAlNGn TE1 154,- the tlgg%ggm |

on the surface e polycrys I con W th
n-type inpuki tigfgs i 0Um 9158 and é&@éeiﬁ:l é@éﬁ]fﬂiﬁriiwegﬁhé' ess of the

filmthickness. In this |nvent|on the word "about"
attached  tq tdifidn RS 157 Dateot h@écé@s@fipy Défdbnréfio¥etsbut
| may'be in cohtact with the tiﬁanium nitride film 158
directly on the insulating film 154. Also, the titanium
nitride film 158 and the tungsten film 159 are not
10 necessarily limited to those mentioned above, but may
take the form of another conductive or insulating film.
Further, a lamination structure of differeht materials
may be employed with equal effect.
A sectional view of the contact structure of a
15 gate electrode of a MOS (metal oxide semiconductor)
transistor and a method of fabrication thereof according
to another embodiment of the invention are shown in
"Figs. 39, 40A to 40D.
(1) The silicon oxide film 162 is formed to the
20 thickness of about 15 nm in the device forming region
153 on the silicon substrate 151. The silicon oxide
film 162 is formed with a polycrystal silicon film by
the CVD (chemical vapor deposition) process, and a
resist pattern is formed by photolithography. With this
25 pattern as a mask, the polycrystél silicon film and the
silicon oxide film are patterned by dry etching thereby
to form the polycrystal silicon gate électrode 163. The

- gate electrode of the MOS structure is constructed of a



present as working tol erance. 20 Then, as shown in Fig. 22, a W

film34 is .  deposited by the CVD process over the entire surface of
t he sem conductor substrate 1. This Wfilm 34 may be configured of a
double filmincluding a Wfilm (lower = 33 ayer) deposited by CVD and a W-

film (upper | ayer 5 deposjited by.sputterjng. ... , as

shown i n Fi g, DSdentRyet FoRELgEranion of ‘Ehe aitifge SEPSSTaRFe Lodvmed by
EggE?¥P:2? theld £1Mon oxfde %QfmTEQEféhg]%ﬁegﬁg;§ggy¥%%§|%;%gfb I;ge
with a phot or esj st éféé%g@&g'%??n&F%?rn$g%) As shown in Fig. 24, a first

| ayer of the | ayer T nsul I's deposited above the bit line.

BL and the wirj4gs ' . L heps jhe y ' LAJ; fi 36 is
formed with coﬁ?gctﬁﬁ%|§%sﬁ%§€ﬁ§§ ?é%ﬁo%gg E% aaﬁa%%%%?e?ﬁ?ﬁg%?%g nmet al
film (suchsas gukite dhpp¥rfshPtace ofdgRESEiedcen bliBskauee 183Uk ng film

36 thereby to
over the entire upper surface of the gate electrode 163,
and the contact hble 155 is formed in such a manner as
to reach the gate electrode in order to assure
confinuity with the gate electrode 163 (Fig. 4OB);

10 (3) The titanium film 157 is deposited on the upper
surfaée of the insulating film 154 and in such a manner
as to contact the gate electrode 163 in the contact hole
155 (Fig. 40C).

(4)  After that, the titanium silicide film 156 is

15 'formed in the interface by the silicidation caused
between the titanium film 157 and the silicon of the
gate electrode 163 by heat treatment. In the process,
the thickness of the-titahium film 157 subjected to
reaction is set to 8 to 34 nm. By this, the thickness

20 of the titanjium silicide film 156 formed by the heat
treatment is 20 to 84 nm. The heat treatment
temperature for forming silicide is preferably at least
650 °C or more, or more preferably 800 °C or more.

Also, this temperature is preferably 1000 °C or less for

25 preventing the diffusion of the impurities.introduced
into the silicon (Fig. 40D).

According to this embodiment, as shown in Fig.

39, the titanium film 157 not used for silicide reaction



formthe second |ayer of mﬁrings 37, 38, 39. After that

second |l ayer of the layer 10 insulating film42 is deposited above the
second | ayer
alloy film deposited on the | ayer insulatﬁﬁg-filn136 is patterned
thereby to formthe third | ayer of wrings_ 43, In this way,
t he DRAM accordH%g}%EF¥PE§?%V%%tW92B Fh%ntéﬁéﬂhumnnFFﬁldf £4 1y gadafthieal | y

conpl et ed.

i nvent ors was

enbodi nent

of wirings 37, 38, 39. The netal film (such as an Al

i on devel oped by the present

dettanibun %b%%%lé §+i?cally with =~ reference to an

above- nentionggeeﬁggzsgg nwﬁ%%gﬁgPeé isogﬁgoégﬁ £§58%§5E6 nnggifhgﬂ
vari ous ways Wi Il s um flgﬁpféﬁ'ﬂgt{é8ﬁL£ﬂs 80053 dniE 54k 931&P%

i nventi on.

cord € above-nen |one enbo |nen
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structure. The present 1 nventlon, however, is applicable to
ldmeﬁﬁéuﬁitanlumcniﬁﬁiaedﬁy1ﬁe§nanlﬁeﬂeaaés kRewhich the main

capacl tor

sen conduct or

surface of

10

15

20

25

a sem conductor substrate is formed with a relatively
separation strength of the titanium nitride film more

than when the titanium nitride film and the titanium

- 8ilicide film are directly deposited one on the other.

For the titanium 1ayer 157 to exist between
the titanium nitride film and the titanium silicide
film, the thickness of the titanium layer 157 is
required to be more than sufficient for silicide
reaction, and the thickness of the titanium silicide
film is controlled to.20 to 84 nm by controlling the
temperature and time of heat treatment.

The contact section of the semiéonductor-
device according to this embodiment is such that the
titanium silicide film 156 is formed in the interface
between the electrical wiring metal film 160 and the
gate electrode 163 made of polycrystal silicon in the
contact hole 155. Figs. 39 and 40A to 40D show the case
in which the upper surface of the titanium silicide film
156 is formed with the electrical wiring metal film 160
including the unreacting titanium film 157 and the

titanium nitride 158 thereon. 1In spite of this,’the

:upper surface of the gate electrode 163 may be deposited

with the titanium film 157 to the thickness of 8 to 34

, the

n



“"high first region and a relatively | ow second region, a

- 35 - polycrystalline silicon plug of the sanme conduction type

as the sem conductor region of the first region is formed in a first
contact hole connecting a first wiring - 54anmd the first seniconductor
region of the first region, 5 and the first |ayer of the wiring and_the
second wiring DM and ke siitlh Ehe EbE%%Hu§eﬁ+ébﬁHG€t§#1We65§n1§fsPﬁ@
second region through the second contact hole, a Qsed of

W Ti N-Ti ?l I mi%h ‘[‘?fg‘%’ér%s V\F?l?l%“?é?%rthe entire tltaanB\rATE iﬁ‘pl Qﬁgt the

will be nmade about vario

nwiring o CnmReY ttEse i S0 ELRRRLEnr o IyFERR e e 1R, HetadE vOe"
conduct or devi GR.AIL & TR ol £l BT LAG! LR IERSPT 1 1572CC8A0LN0 b the

present invention Fo ot semEoRduttor

device 15 Sacg%&flgsﬁf‘fé’éb e&?%é“»‘ﬁﬁs@ia{:ﬂﬁg' E!fﬂt 168 hAg! Bdesn as .

shown in Fig. i con substrate 151 and
contact directly with the t;tanlum nitride film 158.

The titanium nitride film 158 is not limited to the one
shown above, but any other conductive film or insulating
film may be used iﬁ that place. Also, a lamination

10 structure of different materials is not necessarily
required.

A sectional view of a gate electrode contact

structure of a MOS transistor énd a method of fabrica- .
tion thereof according to another embodiment of the

15 inventibn are shown in Figs. 41, 42A to 42D.

Specifically, |

(1) A silicon oxide film 162 is formed to the thickness
of about 15 nm in the device forming region 153 of the
upper surface of the silicon substrate 151. A

20 polycrystal silicon film is formed by the CVD process on
the silicon oxide film 162, and a resist pattern is
formed by photolithography. With this pattern as al
mask, the polycrystal silicon film and the silicon oxide
film are patterned by the dry etching thereby to form

25 the polycrystal silicon gate electrode 163 (Fig. 42A).
(2) The ihsulating'film 154 is deposited ovei the
entire upper surface of the gate electrode 163 and over

the upper surface of the silicon substrate 151, and in



insulating film 154 formed on the surface of the silicon Substrate

151, in which a device formng region 153 and an electrical wring
netal 160 fornmed on the silicon 20 substrate 151 in the contact hole
formed in the insulat- ing filmare-c&®mected through a titanium
silicide film 156. This contact structure of the

seni conduct or orde¥k§9(ﬁﬁ$¥$¢éﬁﬁ¢%%@%i¢ﬁywihb Heehgatehehpctrodre 1635
sectional views of Fi to 28D. . 1) The device isolation region
152 and the deWlt& €© ?BB}FF?]@ 1y bh A3Ted iR oPRER BnMBRBSE| APCER

substrate 151

(2) After the dev% ﬁ#rﬁ?é?r%iﬁ?ﬁf?%% i sSTRSrRRGYCR¥stal s%ﬁéﬁ?ﬁtﬁﬁémfllm
Lo e Tag O BRRRHAE Olo crp {EErobkbaRTt AL RRLE IS Then
5 manner as to contact the upper surface of the gate

electrode 163 on the bottom surface of the contact hole,
the upper surface of the insulating film 154 and the
side walls of the insulating film in the contact hole
155. The interior of the contact hole 155 is filled

10 with the polycrystal silicon 161. After that, the
polycrystal silicon film deposited on the upper éurface
'of the insulating film 154 is removed by etching or the
like method (Fig. 42B). |
(3) The titanium film 157 is deposited over the entire

15 upper surface of the insuiating'film 154 and over the
entire upper surface of the polycrystal silicon film 161
(Fig. 42C).
(4) After that, the titanium silicide film 156 is
formed in the interface by the silicidation caused |

20 between the titanium film 157 and the polycrystal
silicon 161 by heat treatment. In the process, the
titanium film 157 is caﬁsed to react with the thickness
of 8 to 34 nm. By this, the thickness of the titanium
silicide film 156 formed by the heat treatment ié 20 to

25 84 nm. The temperature of the heat treatment for
forming the silicide is at least 650 °C or more, or
preferably at least.800 °C or more. This temperature is

preferably not more than 1000 °C for preventing the



5 (3) Atitaniumfilm 157 is deposited to the thickness of 8 nm or

nore in such a manner as to contact the upper surface of the device
form ng region 153 on the bottom of the contact hole 155 and on each
side wall of the i nsul ati ng film 154 3% The contact hole 155 and on

the 10 upper ,sucface of _t i psul ating fi.lm154 (ki q.,28C). ... (4) The
ST con subos raEEG8S8noRe. e, MippRLy Es intipdtctd IntEhe sivided.

t hi ckness of 8 nm or noreg.j - .Lr . eby t idsd cide
reaction between the gchéfg%lﬁémtf) i F%%S%@%&*%?% i |sc%%l%g#lsttq'hllz 14d\L ice
¢ . 15 . 3 by _f : "t aai DD £

o Thedi nt orf b nehaprboebeils 2elnided kol AUpHBLY Thd TR IycApaR

conditions * gj@i@ofickilm $2hiA BRBACh hAAhckh@s! takiontadd Bnbkide
causes silicide reaction with a thickness of 4 to 48 nm 20 or preferably

8 to 34 nm5 Thellsi cknehe Qhsdlheid§ Hilm in ehet kentiaicanihond 158,157

corresponds to the thickness of 10 to 120 nmof the silicide |ayer,
and the thi ckntks upper suBfaoce3dfnihehdnsailatdnge fidmdd S4o anak ttHe ckness
of 20 to 84 nmof the silicide layer. 25 If the

silicidation ispperossufacehefhthe device forming region 153 on the
bottom of the contéct hole. As a result of filling the
polycrystal silicon 161 in the contact hole 155, the
10 depth of the contact hole 155 is reduced thereby to
facilitate the deposition of the titanium film 157 in
‘the next stép.
With the reduction in diameter of'the contact
hole, the aspect ratio 6f the contact hole (depth to
15 diameter ratio) tends to increase. According to the
conventional sputtering process, therefore, it is
difficult to cover the wiring metal 6f sufficient
thickness on the sides and bottom of the contact hole.
It is, however, easy to deposit the titanium
20 film to the thickness of 8 nm or more on the sides and
bottom of the contact hble by £filling the polycrystal
silicon in the contact hole by the C?D technique
superior in step coverage and thus reducing'the depth of
the contact hole. |
25 Also, according to this embodiment,_aé”Shbwn
in Fig. 41, the titanium £film 157 not used for silicide
reaction remains between the titanium nitride film and

the titanium silicide film.



treatnment tenperature is required to be at least 650 [err]C or nore or

preferably at least 800 [err]C or nore, for the reason descri-bed
| ater. Also, this tenperature is ' _ : - 37
- desirably 1000 [err]C or |ess i n“order" to prevent diffusion of

i mpurities introduced into the silic ci.dat i on of

: . . b L LI
the titaniumfilm 157 witth the c?ﬂ%'éﬂéfﬁnﬁgﬁ B+t§nf8m3glﬁﬂfhézd§sto t he
titani 5 sjiljicide fil 56 havi t he. 1 hi 0 4 .
TS5 S S 088 DR R T8 Bl
f act f 2.3 154 j | h . i i
actor o %J.C{S?@r)é g%/ii;rffi‘ dy '&?ac oréj% (ab v egﬁg?'lﬁgsi:ﬁéf' Qt&'b&gnkgvru

~silicide film abouf
expl anati on widhle bg {BOGRIAEride £i1m feeféaﬁeadaaﬂdef;ﬁscgﬁgarah@oﬁont act
structure of a sem conduct or device according to this enbodi nent with

reference 50 Htd%endgdh t&f 3he titanium nitride film is increased more
than when the titanium nitride film and the titanium
silicide film aré deposited directly one on the other.
In order for the titanium layer 157 to exist

between the titanium nitride film and the titanium

10 silicide f£ilm, the thickness of the titanium layer 157
is required to be more than sufficient to cause silicide
reaction, and the thickness of the titanium silicide
film is required tb-be controlled to 20 to 84 nm by
contrdlling the temperature and time of heat treatment.

15 The contact section of the semiconductor
device according to this embodiment is such that the
titanium silicide film 156 is formed in the interface
between the electrical-wiring metal film 160 and the
polycrystal silicon 161 filled in such a manner as to

20 contact the gate electrode 163 in the contact hole 155.
Figs. 41, 42A to 42D show the case in which the upper
surface of the titanium silicide film 156 is deposited
with the electrical wiring metal £ilm 160 including the
unreacting titanium film 157 and the titanium nitride

25 film 158. 1Instead, the titanium film 157 having a
thickness of 8 to 34 nm may be deposited on the upper
surface of the gate electrode 163, and the titanium

silicide film 156 may be formed in such a manner as to



Fig. 29 is a diagran1schenaticalIy-Shomﬁng 15 positions of interfaces of

titaniumsilicide and silicon generated due to the silicidation. As
shown in Fig. 29, the titaniumfilm 157 is deposited on the silicon
substrate 151, and the silicon substrate B8l 4s caused to react with

the titaniumfilm 157 gg heat treatnent to_ 20 formthe_ titaniumsilicide
film156. |n $PR8URskhe entl?ﬂeB%E?Pé&Wl§11§lFPCGHthFBﬁeFlFRQ&“Fhe
titaniumfilm f act is cons med a@dtkre titani um

o ot Phim 157248 0P8k PaR Eng oplr  BRPEARS, 82 chs formed.  Due
to the vol ume change.fvol yie; g8dpeLhofhe 255 88d dRRSELYA003R0% LS bY

the silicidati o heé”siliton su fate anlum

filmi157, —  pihepef leigétp88h£éeﬁlCIaﬁhﬁhknhﬁgéécqu%EW%ertQ%e

silicon substrate and the titanli um si

- 38 - 5 ISlﬁQMfé@ﬁn?Of§lﬁ|§9@ Si §RebY i Bah@GhOhi@kide3 168N 1N G0t
thi ckness ratio to the Titani um consuned by reaction)

limited to the shown one, but may take the form of

another condudtive film or another insulating film.

Further, a lamination structure is not necessarily of

different materials. The thickness of the titanium
10 silicide 156 is 20 to 84 nm.

The embodiments were explained above'with
reference to the case in which the fabrication include
the process in which a titanium silicide film is formed
by depositing the titanium £ilm 157 in such a manner as

15 to contact the single-crystal silicon substrate 151 or
the polycrystal silicon 161 and then by heat treatment.
The fabrication process according to each embodiment,
however, is not limited to the one.explained_above, but
as shown in Figs. 43A to 43D, the heat treatment may be

20 conducted after forming the electrical wiring metal film
160. More specifically,
(1) The device isolaﬁion region 152 and the device
forming region 153 are formed on the silicon substrate
151 (Fig. 43a). |

25 (2) After forming a device in the device forming region
153, the upper surface thereof is formed with the
insulating film 154. This insulating film ié composed

of silicon okide, for example. This insulating film is



than the position of the interface 101 between the insulating film 154

and the silicon substrate 151. In 5 the case where the titaniumsilicide -

is formed to the t hi ckness of 20 to 84 nm for exanple, the distance
between interfaces 101 and 102 is 18 to76%hm In the case
where the titaniumsilicide is ornmed to_the thickness of 10 to 120
nm for exanplEormed VhEhdFE?aHEBtﬁéFmbeﬁetﬁé5lﬁPePFQ@EStfofséﬁéeioz is 9.

t 110 |l une _change volune eductl ) and the
dgnsity changg1ﬁ%%l?%lF$eW§Fh EPﬁa@?gﬁCSI§8rﬂéﬂ8r ggion ( Fig. -sth3 ggs in the

Stross | gohd at B HERBIER) i H1e1P8 LReISPPEATAR ton oUime o MaANIGE oo
val e is a neaéyreaea%%egeﬁ B8 b8P SYBRALECBE. tho i sufl.altlngu fon

understood fromFi g einte Stress of _
increases af a5gatthdlsideayaens bf”ﬁﬁéaiﬁgﬁlﬁilﬁéofﬁihfhﬁ @hehi gher. This

I s due to the silicidation.-at 550 [err] C or higher and generation
of a titaniumesbéhts&ttehdiéms5hengetreatpperobugface of the device

forming region 153 on the bottom of the contact hole.
Fufther, the upper surface of the titanium film 157 is
deposited with the titanium nitride film 158 and the

10 tungsten film 159. The titanium nitride film 158 and
the tungsten film 159 are not limited to the described
ones, but may take the form of another conductive or
insulating film (Fig. 43C).
(4) The titanium silicide film 156 is formed in the

15 interface by heat treatment and the resﬁlting.silicide
reaction between the titanium film 157 énd the device
forming region 153. The titanium film 157 having a
thickness of 8 to 34 nm is causéd to‘react. As a
result, the titanium silicide film 156 formed by heat

20 treatment has a thickness of 20 to 84 nm. A preferable
temperature of heat treatment for forming silicide is at
least 650 °C, or more preferably 800 °C or more. Also,
this temperature is preferably not moré than 1000 °C in
order to prevént the diffusioﬁ of the impurities

25 introduced into the silicon (Fig. 43D).

| In the case where the thickness of the

titanium silicide film 156 is set to 20 to 84 nm, the

contact resistance value between silicon and titanium



tensile stress of 1000 MPa at maxi numin thé titani um silicide filmis

experinental ly obvious. 25 Fig. 31 shows the result of

anal yzing the average stress (shearing stress) generated in the
interface between the titaniumsilicide amPthe silicon by the
infinite el ement nethod taking the contact ) ] '

- 39 - st FaRt BeeraficefcWhdtentin Shee8amepddmepEedycdng 4@ from

3 (BPeTaANCPRcThaPral ShPcsensosdnmpredeeing e
The hole di ancRERERee CEheraR: SepREated 9§‘v§f§g'ﬁn§?af§e§egé%£w§eeéﬁa?ﬁ_ the
nterface i norgabeSoll Ly +BebHEuhGT§3500" tENR GkAGSTI@l it tddani um

silicide € case ere t I ckness o
titaniumsilichdgakiibihi st£QBst #8be1t Nendveh iGSH \%%ﬁrd’it ed in
the interface Pnc?eases W th thg dgcfease §g%F% #he gigmi r of the

contact holse. cdRtact free of CRBBRakhe9BnbekVRAR theadldy Fililgyd t and
experinental data on defects thus obtained deternines
film. ' |
Fig. 43D showed the case in which the upper
surface of the titanium silicide film 156 is deposited
with the electrical wiring metal £film 160 including the
10 unreacting titanium film 157, the titanium nitride film
158 and the tungsten film 159. Instead, the titanium
fiim 157 may be deposited to the thickness of 8 to 34 nm
in such a manner as to contact the device forming région
153 on the silicon substrate 151 and also the titanium
15 silicide film 156 is formed in such a manner as to
consume the entire titanium film, so that the titanium
film 157 is not left on the upper surface of the
titanium silicide £ilm 156. Also, the titanium £ilm 158
may be formed in diréct contact on the insulating film
20 '4. The titanium nitride film 158 and the tungsten film
159 are not limited to those shown above, bgt another
conductive or insﬁlating film may'be used in place with
equal effect. Further, a lamination structure is not
necessarily of different materials. The thickness of

' 25 the titanium silicide film 156 is 20 to 84 nm.



: o —_— :
that the criti-cal str a breakdomn is 280 MrPa. In order to
prevent separation ofTﬂﬂ!ﬂﬂﬂ C|de film it is indispensable
to design the average stres rated in the interface not nore than

-the critical " breakdown stress vaIUE'Qixxnflcally, in the case where -
the thickness of the titaniumsilicide filmis 84 nmor | ess, the
aver age stress %&E%?ed in the interface can be mai nt ai ned not nore
than the critical breakd wn stresg % ggrdle 3 of &he %b%g%ﬂ%% of the
contact hol e. h t he %SEéCRB P& Pﬁel REEEECRoCaTE IS | arger
than 0.4 : nﬁ% the ot her hand, the average stress generated in
the interface Ca e re ficed to not nore than the critical breakdown

stress val ue w t hout redHChEﬂokg mﬁii oE'E%QbR@HSbEEBEQQ ylégfdyﬁ&ggss to

84 nmor less. 1In the ca ere the contact laneter 1s
[errlmor. - £6fHiéd JBYGUCA. mbRBryNeE2aS8elbcking! Migwpp silicide

t hi ckness to nore than 84 nm nay separate the titani um

a bit line formed of a W-TiN-Ti film formed
above said memory cell;

a first contact hole for connecting the first
semiconductor region of said memory cell-selecting
MISFET and said bit line; |

a polycrystalline silicon plug forﬁed in said
firet contact hole and having the same conduction type
as said first semiconducﬁor region;

a wiring layer electrically connected to the
seeond semiconductor region of the MISFET of the
peripheral circuit of said memory cell, said wiring
layer being formed of a W-TiN-Ti film in the same layér
as said bit lihe, said second semiconductor region and
said wiring layer being connected to each other by a
second contact hole formed with said wiring layer
therein;

a first titanium siiicide_film having a
thickness of 120 nm or less formed between said
poiycrystalline silicon plug and said bit line in said
first contacﬁ hole; and

a second titanium silicide film having a
thickness of 10 nm or more formed between séid secbnd

semiconductor region and said wiring layer in said



- 40 - silicjd tact hol e having a di aneter of
0.4 [err]mor |ess, Hﬂﬂ " mr Bi necessary to keep the t hi ckness
rma

of the tltanlun15|lle| nm or ess in order to prevent the
separation of the titanium silicide f63 ' Fig. 32 shows
the result of studying the rel ation betmeen t he breakdown defect rate
(separation secg¥ %%“F??Enpﬂﬁ?S|I|C|de film and the thlckness of the

titaniumsilicj de film optained oava test- rodu e ol e haV|ng

a dianmeter of 074 [err] f B EPT Fﬁﬁr ink °gfe Sg érﬁgﬁgnt acts.
| s obvious thaledbidihdCo cralh! 27 WALELIRCLASA! gythbpm‘a%% Yo 14 o 75

nm no 0CC aniumsilic t hi ckness -

of over 84 nmhmvgv iaméeéf%f éuﬂdﬁﬂl ¥r lessi,"ah8288id Fikstf act shows
that in the case of formng e titanium&ilicide film156 by the

silicidation tjtakghmes1ibedéi FamnUAREI hMchiakdekbBeoFi IB4CAm ioF tlesss.
contact, the thickness of the titaniumsilicide filmis required to be

reduced to 84 ;mor |essa pemieonbbytde inRGeghited kezeulitr dewdwenting the
br eakdown defect of the

according to Claim 1, wherein said_first contact hole

has a diameter of 0.3 um or less, and said first

titanium silicide film has a thickness of 72 nm or less.

4. A semiconductor integfated circuit dévice

. according to Claim 1, wherein said second titanium

silicide film has a thickness of 20 nm or more.

5. y:\ semiconducﬁor integrated circuit device

comprising:

a memory cell of stacked capacitor structure
formed above a memory cell-selecting MISFET;‘

a bit line formed of a W-~TiN-Ti film formed
above said memory cell;

a first contact hole for connecting the first
semiconductor region of said memory cell-selecting
MISFET and said bit line:;

. a polycrystalline'silicon plug formed in said
first contact hoie and having the same conduction type
as said first semiconductor region;

a wiring layer electrically connected to the
second semiconductor region of the MISFET of the
peripheral circuit of said memory.cell, said wiring

layer being formed of a W-TiN-Ti film in the same layer



titaniumsilicide filmfromoccurring in the I nter
silicon and the titaniumsilicide film m“n”“l“!“ mmﬂmﬂent ally
confirmed that the - contact resistance_increases e"t h§ ckness of

20 nm- 25 or |less of the t|tan|unts|I|ch@ fTfIm The thickness of

the titaniumsilicid . therefqre s required to be Jjncr ea ed to
20 nm or ror e PBr SEAS PhF lpequﬁﬁmgsgcm SemiGondugtar gegion and

. . | |
contact res.staﬁ&% gﬁalflseéa *Beih f%hntegscﬁ % S Vi & (1 ness

f th
zccgrglhét?glg éﬂgggﬁﬁéﬁ#nhgges% “Eth s1aidp%ﬁ%"h{sﬁlacﬁﬂ{whiumfiIm

157 not used fgﬁe£Q§ gilicidation eX|sts between the titaniumnitride
filmand the TiCAni umsilicide film

a first titanium silicide film formed between
said polycrystalline silicon plug and . said bit line in
said first contact hole; and |

a second titanium silicide film formed between
'said second semiconductor region and said wiring layer
in said second cbntact hole.

6. A semiconductor integrated circuit device
according to Claim 5, wherein said first semiconductor
region includes a n-type semiconductor.

7. A seﬁiconductor integrated circuit device
according to Claim 6, wherein said second semiéonductor
region includes a p-type semiconductor.

8. A method of fabricating a semiconductor
integrated circuit device, comprising the steps of:

forming a memory cell-selecting MISFET and a
.MISFET for a peripheral circuit on a semiconductor |
substrate and then forming an information storage
capacitor above said memory cell-selecting MISFET;

forming a bit line contact hole in an
insulating film covering said memory cell, filling a
polycrystalline-silicon-plug of the same conduction type
as the semiconductor region of said memory
cell-selecting MISFET in said bit line contact hole, and

then forming a contact hole in the insulating film



As described above, the interposition of the 10 ti ' ' ' et ween
the titaniumnitride film and thetitaniumsil”"mg"m." !sthe

i nternal stress of the titaniumnitride film ant 1ncrieasess separ a-
tion strength of the titaniumnitride fitnPfore than when the titanium
nitride filmand the titaniumsilicide 15 film are deposited one on the

ot her direct|ycovering said MISEET,qfc5aigt ReFERh9EAY FdTER? 157 to exi st
between the titaniumnitrjde f.il.mand the titaniym _. iJicide film it

i s necessary that the t hiGGBPSLETINg tahé[tl Tilm; rﬁﬁi%rﬁ’t%yt:’rinlﬁn@a re than
required for silici . gg .6action and that the tenperature and tine of

heat treaﬁﬁgﬁggﬁgn 5&§%Piately controlled to secure the

- thickness of the titani Urf'q%:'nh.in‘& f&&.tdaaolfi d M tanium silicide! "

the sectional view show ng the contac _ tructure of a sem conductor

devi ce accordi Agyk? ha¢indd PSRN P U MBI HhUW 1dsdidh e the

titani um ~silicide fil'm156 is formed in the interface between the

el ectrical wrighgfaRiedloff idaldl §dl3tidta ldemie s fnidmgplug i egadd BHE in

t he contact hole 155 on the bottom _
line contact hole, and a_second titanium silicide layer

having a thickness of 10 nm or more on the surface of
the semiconductor region of said MISFET exposed to the
bottom of said contact hole of said peripheral circuit;
and
depositing a W film on said TiN film, and
patterning said W film and the underlying TiN film and
the underlying Ti film thereby to form a bit line and
said wiring line of said'peripheral circuit composed of
a lamination of the W-TiN-Ti film at the same time.
9. A method of fabricating a semiconductor
integrated circuit device according to Claim 8, wherein
- said step of forming said titénium silicide layer
includes the step of forming said second titanium
Silicide layer to the thickness of 20 nm or more.
10. A method of fabricating a semiconductor
integrated circuit device according to Claim 8, wherein
said step of depositing said Ti film and said TiN £ilm
includes the step of depositing said Ti film and said
TiN film continuously in an inert gas environment.
11. A method of fabricating a semiconductor

integrated circuit device according to Claim 8, wherein



- 42 - t hereof . The upper surface of the tltanlu
156 is formed with the electrical wiring nmetal film T,m' wﬁuﬂ#
lam nation of the titaniumfilm 157, thetltwﬂumWNCH

the tungsten film 159. 5 Al so, the upper &urface of the insulating f|Im
154 is dep 05|%ed with the titapniumfilm 157, .the titanium nitride

film 158 and t H#% rﬁﬁﬁ%n°f|¢ﬁP959tlng said Ti fllmTﬁBdt?P&ﬂlE&NfFPﬁF&57 i s

not necessarily.

forma 10 in WIS CARacteE pEotepnatCiblcPast FE Rinh Py ts%ﬁ%&ed to
Lne L vantum nidid dge '4AS) 5P, MpdebbephtioBs el b Lhe, 160%prlmE |

electrical wring ne

titani um netal, ﬂ EHH s r tungsten, such a naterlal ‘as an
é % §€&%denuﬁ$ %ICI

alum num 15 a tungsten silicide or a
| ani nated struciare of any ﬁ@@ﬁb@aéfofaﬁilégéiﬁg a seﬂﬁb@haﬁb%orFurther

ot her conductive filns or

integrated circuit device for forming a polycrystalline
silicon plug of the same conduction type as a first
semiconductor region of a first region in a first
contact hole connecting said first semiconductor region
of said first region to a first wiring, said first
region being relatively high and said second region
being relatively low on the main surface of a
semiconductor substrate, said second wiring being
connected to a second semiconductor region of said
second region through a second contact hole, said second
wiring and said first wiring being formed of a W-TiN-Ti
film in the same wiring layer, said method comprising
the steps of: | |

forming said first contact hole in the
insulating film covering said first region and filling
said polycrystalline silicon plug of the same conduction
type as said first semiconductor region of said first
region in said first contact hole;

forming said second contact hole in the
insulating film covering said second region}

depositing a Ti film and a TiN film on said
insulating film, and forming by annealing a first

titanium silicide layer having a thickness of 120 nm or



insulating filnms may be enployed with equal effect. e is
not necessarily a-lamnation of different 20 types I@’i!ﬁlw!!@:ﬂ Bl“[ _
Now, a sectional view of a contact structure devi ce
and a nethod of fabrication t her eof- defcordi ng to another enbodlnent'of
the invention are shown in Figs. 33, 34A to 34D

Speci fical |y, less en)thpesyzfpce p§osaﬂﬁoeoﬁagxaﬁtféélaﬁuam%}Qﬁaanyg
formng region_ 153 are fornmed on the_silicon suﬁ;trate

- 43 - (3% ﬁ?%@rféraévFeﬁtP§thP&§d 8rd; B s&eﬁléquEqnqﬁ}anlum
[ 153, th fi 154 i d f f
22 Tk IR ST i o 1
fil 154 (Fi B t |
154 (P cigPyrcata Gl PR B P BB R S

t hi ckness manner o con
to the bottom of said second contact hole; and

ace

depositing a W film on said TiN film, and
patterning said W.film and said underlying TiN film and
said underlying Ti £ilm thereby to form a first wiring
and a second wiring composed of a lamination of a
W-TiN-Ti film at the same time. |
13. A semiconductor device comprising:

a silicon substrate;

an electrical wiring metal;

an insulating film formed on said silicon
substrate and including a plurality of contact holés
used for connecting said silicon substraté and said
electrical wiring metal; and

a titanium silicide film formed in said
contact holes; |

wherein said titanium silicide film has a
thickness of 10 nm to 120 nm, said_silicon gubstrate and
said electrical wiring metal being connected té each
other in said contact hole through said titanium
silicide film.
14, A semiconauctgr device according to Claim 13,
wherein said titanium silicide film has a thickness of
20 nm to 84 nm.

15. A semiconductor device according to Claim 13,



of the devi ce form ng reglon 153 on the bottom of the 155
and on each side wall of the insulating filmin thu"mﬁﬂm[:nmmm*

10 (4) The silicon substrate 151 deposited with the * %tittani®umsfikFm

157 to the thickness of 8 to 34 nmis heat67 - treated so that the
silicidation is caused between the titaniumfjlm 157 and the silicon

of the device fwhereiq said edgahricsl wmra)weﬁlﬂn%}i‘%wm%mﬁmm

silicide film 15 156 in the interface. C|dat|on
to occur, the Hémtits sunfacy Rentaching fard "'o’ft%q‘l%a?f{%%ﬁ&hﬁ#‘

(S TEY g8, 1 ST e o, SOC S C Bhof LG P SheT J

preventing the diffusion of_it ntroduced in the silicon.

AR R o i e T U

entirely 25 conposed of a titaniumsilicide fil As

described above, ln the caseiyEILLid® £ilm formed on said silicon

substrate and including'a plurality of contact holes
used for connecting said silicon substrate and said
electrical wiring metal; and

a titanium silicide film formed in said
contact holes;

wherein séid silicon substrate_and said
electrical wiring metal are connected to each other in
Said contact hole throﬁgh said titanium silicide film,
and the distance between the interface between said
silicon substrate and said insulating film and the
interface between said silicon substrate and said
titanium silicide film is 18 nm to 78 nm.
17. - A semiconductor device according to Claim ls,
wherein said electrical wiring metal contains titanium
in its surface contacting said titanium silicide film.
18. A semiconductor device compfising:

a silicon substrate;

-an electrical wiring metal;

an insulating film formed on éaid silicon
substrate and including a plurality of cdntact holes
used'for connecting said silicon substraﬁe and said

.-electrical wiring metal; and



-
titaniumfilm 157 is subjected to SI|ICIde reactlon rety, .
the thickness of the titaniumsilicide \m‘m“' ‘1“ m\ﬂ\]ﬁ“

- 44 - film which is determnmined by the thlckn s *itanium
film 157, can be easily controll ed. - 68 - Since the titanium
nitride filmand the. titaniumsilicide filmare deposited_qne on the
other 5 directly accor di rgitaniwmssehbotdaehiln fermadeiRafaid  stress

of the titaniumnitride filmis higher than when ~ the titaniumfilm 157
i's interposed AWRAFE thele$tani um nitride fllnland the titanium

I de fil Th
ZI HSI gen:cghductor devf%%?%ﬁhne At L%g b?o?agﬁ% sgﬁoghgfégghructure °
accordi ng t()EHKEec{rf€%f %g Q$e£9f %P¥e88hﬁacﬁé§550 showane? Kingds.

35, 36A to 36D L"TEor af Ton reglon a device formng

region 153 ared%VICég?ﬁ@hégehéié!Eﬂfﬁggﬂsgaﬂaetiﬁinluﬁ5sxﬁ&b&ﬁéfQ&Hhﬂg a

devi ce on the ormng region
and the distance between the interface between said

silicon substrate and said insulating film and the
interface betﬁeen said silicon substrate and said
titanium silicide film is 9 nm to 110 nm.
19. A semiconductor device according to Claim 18,
wherein said electrical wiring metal contains titanium -
in its surface contacting said titanium silicide film.
20. A semiconductor device comprising:

a silicon substrate;

an electrical wiring metal;

an insulating film formed on said silicon
substrate and including.a plurality of contact holes
used for connecting said silicon substrate and said
electrical wiring metal;

a polycrystal silicon filled in at least one
of said contact holes; and

a titanium silicide film formed on the surface
of said polycrystal silicon;

wherein said titanium silicide film has a
thickness of 10 nm fo 120 nm, said polycrystal silicon
and said elecﬁrical wiring metal being connected to each
other in said contact hole through said titanium

silicide film.



the .insulating film154 is fornmed on the device. This m
is conposed of a silicon oxide, for - exanpl e. The i IIII"”“I IW“MH”“I
formed with the contact hol e 155 havin di ameter dof O6.4L[efr]m or
less in order to 20 secure continuity wi® % the devi ce forn1ng reglon
(Fig. 36A) . (2). A polycrystal siligon fi E i

exanpl e, by t h&1GVD (cherh c38m ‘Ei"e‘b’és‘??‘(bﬁ? ?ﬁcgﬁ%ﬁng ° ﬁéﬁ‘ngb ras to

contact the upper surface of, sul | de cwal
of the insul at "grein §Q*4; *quﬁPTxﬁ&g. 5hg%d tﬁ%E§%§8§ES§Fface
of t he dey, 4% %’9 regi on 153 on the bottom of the cont act
hol e. The inter dBhtact hole 155 is -

- 45 - fildsged mnth t S r +5h t he
pol ycrystal si Iilzgon fil mildep03|%(&ﬂddl§é€6 eaégfgg &ééor%i??atc‘}e) gialm 20,

insulating filqyladis éﬁ@véfewrfééf'ﬂﬂrlng metal contains titanium

in its surface contacting said titanium silicide film.
23. A semlconductor device compr131ng°

a single crystal silicon substrate;

a gate électrode of MOS structure formed on
said single crystal silicon substrate; |

an electrical wiring metal;

an insulating film formed on that surface of
said single crystal silicon substrate where said gate
electrode is formed, said insulating_filﬁ including at
least one contact hole used for connectihg said gate
electrode and said electrical wiring_metal; and

a titanium silicide film formed in said
contact hole;

wherein said titanium silicide film has a
thickness of 10 nm to 120 nm, said gate electrode and
-said electrical wiring metal being connected to each
other in said contact hole through said titanium
silicide film.
24. A semiconductor device according to Claim 23,
wherein said titanium silicide film has a thickness of
20 nm to 84 nm.
25. A semiconductor device according to Claim 23,

wherein said electrical wiring metal contains titanium



or the like nethod (Fig. 36B). 5 (3) Atitaniumfilm 157 is deﬁis

t he thi ckness of 8 nmor nore in a nanner_to ﬂ“lﬂﬂug MH! surface
of the insulating film 154, each side wall of the I min

t he contact hole 155 and the upper su?Pace of the po ycrystal silicon
film161 on the 10 bottom of the contact hole (Fig %k % Then,
a titanium siliiei d&sf isunfss® ePntagEng Faid tltan%?ﬁeﬁ* cide fii
silicidation between the titaniumfilm 157 and the stal silicon
film 161 by he&6- t r datmfihod e #41?%%%‘%&4%%*‘1%‘9’1?‘5 %‘Fﬁé’a with the
15 thickness of 8 to 34 nm by, thi ction As a resul t, t he

t hi ckness of t I€WiqemiGAMRS Jtﬂ‘-ﬂes}f %ﬁ%% 957 ne by heat treatnent

is 20 to 84 nm The heat treatnent f silicide is
~at least 650 [err]C or E rWﬁﬂ%aaQH r%i§93@§af§%@ %err]%;fle%%re Al so,
this 20 tenpeéiéqgiaéé;weferably 1000 [err]C or less for preventing
0

the diffusion e Inpurities introduced into the silicon (Fig.
36D) . - ACCOFGliRihg Oa tEbiSt&EROMGIEN n 88i8hoHBulatEng.
36B, the process is required for depositing the

film;

dépositing a titanium film in contact with
saidlsilicon substrate in said contact hole; and

causing said titanium film and said silicon to
react with each other by heat treatment, thereby |
subjecting said titanium film to silicide reaction with
the thickness of 4 nm to 48 nm.
27. . A method of fabricating a semiconductor device
according to Claim 26, wherein said silicide reaction
step includes the step of subjecting said titanium film

" to silicide reaction with the thickness of 8 nm to 34

nm. |
28. A method of fabricating a semiconductor
device, comprising the steps of:

forming an insulating film on a silicon
substrate;

forming a contact hole in said insulating
£film;

filling poiycrystal silicon in said contact
hole; |

depositing a titanium film in contact with

said polycrystal silicon in said contact hole; and



25 polycrystal silicon film 161 in such a nmanner contact the

- upper surface of the insulating film 154, each SI "HUME“I l
insulating filmin the contact hoIe 155 and the u Ihe
devi ce form ng - 46 - reglon 153

on the bottom of the contact hol e. Since the interior, of the contact

hole 155 is filled with tG@asing %ﬁﬂ@/&%‘&l%lﬁ%%@‘l Ba8%%e depth of the

contact hol e 155 i s decr.eased thereb to facilitate th ti on of
5 the titani uPChYIGRYEFRL $iliEqe ko & ith each °€he5§#£e€%§£

reduction in ”ri]:)?: di arreter t?f *&*as&b% m‘?ﬁﬁ# et:nt.a]r?nﬁﬁpff mr%l o]

(dept h/ di anet e 0 T NCrease.

t herefore dlffIC [ o] el i éﬁﬁ ST | t 10

t hi ckness on tﬁé‘l§1 éi;é (?cot%t% om0 t‘lf/tﬂeé cont ac g%tolo(féf% {:8 @9 e

convent i onal terl NG B YAHdd of fabricatin Tétesémi@@halattbi:nuéamcae
g

easily dep05|te

according to Claim 28, wherein said silicide reaction:
step includes the sfep of subjecting said titanium film
to silicide reaction with the thickness of 8 nm to 34
nm.
30. | A method of fabricating a semiconductcr
device; comprising the steps of:

forming an insulating film on.a silicon
substrate;

forming a contact hole in said insulating
film;

depositing titanium to the thickness of 4 nm
to 48 nm in such a manner as to contact said silicon .

- substrate in said contact hqle; and
| causing said titanium film and said silicon to

react with each other by heat treatment, thereby
subjecting at least a part of said titanium film to
silicide reaction.
31. A method of fabricating a semiconductor device
according to Claim 30, wherein said step of depositing
titanium includes the step of_depositing said titanium

to the thickness of 8 nm to 34 nm.



the thickness of 8 nmor nore on the sides and bottom of t he cont act

hol e, however, by filling the polycrystal 15 silicon in the contact hole
and t hereby reducing the depth of the contact hole by the CVD
t echni que superior - *i'n step coverage. Al so, according to
this enbodiment, as shown - in Fig. 4372,g0phe titaniumfilm 157 not used
for silicide 20 reaction exists between t titaniumnitride film and
the titaniumsilicide film: As described above, in the case-
“where the titaniumfilm 157 is interposed between the titanium
nitride filmand the titaniumsilicide film the 25 internal stress of the
titaniumnitride filmcan be reduced and the separation strength of
the titanium S niLrg : ' Tﬁfjj!L‘f"
titaniumnitride filg PQ i ' r _
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For the titaniuh1|ayer 157 to be interposed bet ween the titanium

nitride filmand the titanium silicide layer, the thickness .of the
titaniumlayer 157 5is required to be nore than required for silicide
" reaction, and the tenperature and .tinme of heat treatnent controlled to
- set the thickness of the titaniun1si|i?%gq10 filmto 20 to 84 nm
The sem conduct or device according to I's" Y10 enbodi nent is such that the
titaniumsilicide film 156 is formed in the interface between the
electrical wiring metal film 160 and the polycrystal silicon 161
deposi ted directly on the siljicon substrate QpPET
surface of the titaniumsilicide filmis deposit ith 19 the electrical
wiring netal film 160 including the ~ titaniunf In1&§z, the titanium
nitride film 158 and the tungsten film 159. thequpper surface of
t he insulating film2154 is deposited with th ftgniurpfilm 157,
the titaniumnitride film 158 and the tungsten filfm{]2Q 159. The titani um
film 157 is not necessarily left, but tpg ti Juh nitjride film 158
may directly contact the _\\\\
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upper surface of the insulating film154. Al so, the . titaniumnitride

film 158 and the tungsten film 159 are not limted to the shown ones,
but may be replaced with 25 another conductive filmor an insulating film
W th equal - effect. Further, the |am nation structure is-not
necessarily of different materials. 3/40 - A sectional view of the
contact structure of a _ . - 48 -
sem conduct or device and a nethod of fabrication thereof according to
anot her enbodi rent are shown i-n Figs. ‘37, ~ 38A to 38D. (1) The
device isolation region 152 and the device 5 } hOop—153 are
formed on the silicon substrate 151. Afte Al ng a qevice in the
device formng regi on 153, the upper surf q\t E\\ vNce is forned
with the insulating film154. This insulating . iHcl udes, for
example, a silicon oxide. The insulating 10 fil 4lis flornmed with the
contact hole 155 in order to '
o N
N —/—<~'\
< ;;\\‘ro
0 A
o) A
AV INN
,‘*‘“”§:~h~
N

FIG.3
N

N
o ¥ N
= NN
o |

(NN

B ~— |

'<_\_1v_\ ?"‘

A



assure continuity with the device form ng region 153 (Fig. 38A). _
(2) The polycrystal silicon film161 is deposited by - the CVD (chem cal
vapor deposition) process, for 15 exanple, in a manner to contact the
upper surface. of the . insulating film 154, each side wall of the

I nsul ati ng filmin the contact ho%e %35 and the upper surface of
the device formng region 153 on the b f{o of the contact hole, and
the contact hole 155 is filled with 20 the polycrystal silicon 161. -

After that, the pol ycrystal silicon film deposited on the upper
surface - of.the insulating film154 is reno =Ng.-er the
like (Fig. 38B). (3) The titaniumfilm 157 okitéff to the
thickness 25 of 8 to 34 nmin such a nanner 0 onFEQP*Fﬁe upper
surface of the insulating film 154, each side- 3 i nsul ati ng
filmin the contact hole 155 and the upper s el of fhe device
formng region 153 on the - = S e S
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- 49 - bottom of the contact hole 155. (4) The titaniumfilm
157 and the silicon of the device formng region 153 are subjected to
. silicide reaction by heat treatment of the silicon substrate 151
deposi ted 5 with the titaniumfilm 157 to the thi.ckness of 8 to 34
nmthereby to formthe titani umsilici?{hlg‘? 156 in the i nterface.
The heat treatnent tenperature for for g the silicide is preferably
at least 650 [err]C or preferably 800 10 [err]C or nore. Also, this

tenperature is preferably 1000 [err]C or less for preventing the
di ffusion of the - inpurities introduced i -°W:on_
According to this enbodi nent, as shown in Fi 38B, Hfe process is
required to deposit the polycrystal 15 sili m % such a manner
as to contact the upper surface of the i | AN '\\m 54, the side
wal | s of the insulating filmin th&To €] 1551ald t he
upper surface of the device formng region 153 rhel — | bottom of the
contact hole. Since the interior of theg - '
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20 contact hole 155 is filled with the polycrystal silicon 161, the

depth of the contact hole 155 is reduced, thereby facilitating the
deposition of the titaniumfilm 157 in the next step.
Wth the reduction in the dianeter of the 25 contact hole, the aspect
ratio (depth to dianeter ratio) Ob,PQFOCOHtaCt hol e tends to increase.
It is difficult therefore to cover the“wiring netal of a sufficient
t hi ckness on the sides and bottom of the contact hole by
- 50 - ° t he’ conventional sputtering process. The
titaniumfilmcan be easily deposited to ' ss of 8 nmor nore
on the sides and bottom of t he cont act [Rolf o] ver'/by filling the
polycrystal 5 silicon in the contact hole r gauc LR dept h of
~the contact hole by the CVD techni que superi | cover.age.
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Al so, according to this enmbodi nent, as shown in Fig. 37, the whol e of
the titaniumfilm 157 10 constitutes a titaniumsilicide film '

In this way, in the case where the whol e titaniumfilm157 is
subj ected to silicide reaction, the thi ckness of the titaniumsilicide
film which is determ ned by the tpyc&@fss of the titaniumfilm 157,
15 can be easily controll ed. 1n this case, since the
titaniumnitride film . and the titaniumsilicide filmare directly
deposited one on the other, the internal stress of the titani um
nitride filmis increased as conpared with t ' D ich the
titaniumfilm 157 is interposed between the ftaniunfnitride filmand
the titaniumsilicide film . . T otaCQ ~tYon of the
seni conduct or devi.-ce according to }his farnmed with the
titaniumsilicide film 156 in the inter+dace ' tlhe P5 pol ycrystal
silicon 161 deposited directly on the silJ . pte 151 and the
electrical wiring netal film2160 i@ ct |hol e] 155. The upper
surface of the titaniumsilicide fPrmidN\ g/w(th the electrica
c_y 3 _ \‘l\
+ A T=
\r__..__—,‘m
\\
3 I To
o NN
b I \\~b~
'3
N N Te
¢ |
|3
O © NN
w o
3 N
ol 1
o PN
NN
o - o
E N
q B
o~ N T <
= .
' mn
N
= N\
< N2
© 14
g UNTTe
o 5!/ ?'N
| N N
M A )




- 51 - wring metal film 160 including the titaniumnitride film

158 and the tungsten film 159 deposited thereon. Al so, the upper :
surface of the insulating film154 is deposited with the titaniumfilm
157, the titanium 5 nitride film 158 and the tungsten film 159. The '
titani-umfilm 157 i's not necessarily Ig?ﬁgﬂﬁrenvved but my be in
contact- with the titaniumnitride film15 directly on the insulating
film2154. Al so, -the titanium nitride film 158 and the tungsten film
159 are not 10 necessarily limted to those nentioned above, but nmay
take the form of another-conductive or ins | ' —Further, a
| am nation structure of different materialp y [be | oyed with equal
ef fect. A sectional view of ad stture of a 15
gate el ectrode of a MOS (netal oxide semc u . ansistor and a
met hod of fabrication thereof accordil—J N )
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to anot her enbodi nent of the invention are shown in Figsl 39, 40A to

40D. . (1) The silicon oxide film162 is formed to the 20 thickness of
about 15 nmin the device form ng region . 153 on the silicon substrate
- 151. The silicon oxide film162 is formed with a polycrystal silicon
film by the CVD (chem cal vapor dq@@&%&ion) process, and a resi st
pattern is fornmed by photolithography. ththis 25 pattern as a nask,
the polycrystal silicon filmand the silicon oxide filmare patterned
by dry etching thereby to formthe polycrystal silicon gate el ectrode
163. The gate electrode of the MOS s | ructed of -a
- 52 - t hree-layer configuration of I L ubsf#rat e 151,
the silicon oxide film 162 and the pol ycr _<Jgat e el ectrode
163 (Fig. 40A). (2) The insulating f i 3 ijted over the 5
entire upper surface of the silicon siPstx nd Y~ ©
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over the entire upper surface of the gate el ectrode 163, and the

to reach the gate

el ectrode in order to assure continuity wi-th the gate el ectrode 163

(Fig. 40B). 10 (3) The titaniumfilm 157 is deposited on the upper-

surface of the insulating film 154 anﬁtj A\¢gh a manner
ho 155 (Fig. 400). (4)

15 forned in the interface

by the silicidation caused between the titaniumfilm 157 and the

treat lﬂ,ﬂéﬁzébg process,
0 r ion is set to

contact hole 155 is formed in such a manner as

the gate electrode 163 in the contact e

After that, the titaniumsilicide film156 is

silicon of the gate el ectrode 163 by h
t he thickness of the titaniumfilm 157 subj
8 to 34 nm By this, the thickness 20 of
formed by the heat “treatnent is 20 to
tenperature for formng silicide is prei
nore, or nore preferably 800 [err]C or nore
preferably 1000 [err]C or less for 25

i mpurities intraduced
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into the silicon (Fig. -40D). According to this-enbodi nent, .

as shown in Fig. 39, the titaniumfilm 157 not used for silicide
reaction - B3 - i's interposed
between the titaniumnitride filmand the titaniumsilicide film
As. descri bed above, the interpositiow qﬂ/yﬂe titaniumfilm 157 between
the titaniumnitride filmand 5 the titahfumsilicide filmreduces the
i nternal stress of the titaniumnitride filmand increases the
separation strength of the titaniumnitride filmnore t han when the
titaniumnitride filmand the titanium Wl ' are directly
deposited one on the other. 10 . r 1 | ayer 157 to
exi st between the titaniumnitride HiM M si | i ci de
film the thickness of the titaniumlaye [ ired to be nore
than sufficient for silicide r eal@+ Ahi ckheds of the
titaniumsilicide _— Y _ 3
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15 filmis controlled to 20 to 84 nmby controlling the tenperature

and time of heat treatnent. The contact section of the

sem conduct or . - devi ce according to this enbodinment is such that the

titaniumsilicide film156 is formed in the interface 20 between the

electrical wiring netal film 160 and tégléﬂé gate el ectrode 163 nade of
h 1

polycrystal silicon in the - contdc 55. Figs. 39 and 40A to 40D
show t he case - in which the upper surface of the titaniumsilicide film
156 is formed with the electrical wiring netal film160 25 including the
unreacting titaniumfilm 157 and the titaniumnitride 158 thereon. In
spite of this, the ~upper ‘surface of the ggptEpPe _c'fBﬂe'Lag may be
deposited  with the titaniumfilm 157 to the C_@Jgto 34
- 54 - nmand also with the titaniumsil il | /1456 |7 sTch a
manner as' to consune the entire titani umi+m e \\\\\\co '
| NA N -
AN
VRN
o N ©
s SN
N .
N
S \~\_m
__¥°
NN @ |
ot
A 0',\\-I\§
_ U
N ) /\}_.0
g T
0O © Q0 | %
| SN
N o
- NI\ “‘9
\ .
© T <to
' .
> 1=
g. \\\*T——/\N
TN =O — Y
0 10100 O N w0
=
N \\ )]
\( =
N —t+o
o/ NET
< 1 \<
O _ SV (00)
- o 0/\\
™ PN Y



upper surface of the titaniumsilicide film 156 is not necessarily
left wwth the titaniumfilm 157. Al so, the 5 upper surface of the

insulating fillm 154 may be in contact directly with the titanium
nitride film 158. The titaniumnitride film158 is not limted to the
one  shown above, but any ot her Cﬂ‘ra.ﬁzcal ve filmor insulating film
may be used in that place. Also, a |lam t|(91 10 structure of different
materials is not necessarily required. . - A sectional view
of a gate el ectrode contact structure of a MOS transistor and a net hod
of fabrica- - tion thereof according to another enbodi nent of the 15
invention are shown in Figs. 41, 42A to 42D. Dp_e‘?i fically,
(1) A silicon oxide film162 is forned to the C ~of about 15
nmin the device forning region 153 of thgy /S’;N\ac\e“ﬁf‘ the .
silicon substrate 151. A 20 polycrystal siTic ' S r%dgby t he CVvD
process on ‘the silicon oxide film 162, and a Q;A pattern is :
formed by photolithography. Wth this pattern a N rasK, | the
pol ycrystal silicon filmand the silicon oxide A — O
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~filmare patterned by the dry etching thereby to.form 25 the polycrystal
silicon gate electrode 163 (Fig. 42A). (2) The insulating film154.is
deposited over the entire upper surface of the gate el ectrode 163 and
over t he upper surface of the silicon substrate 151, and in

- 55 - order to assure continuity4wy9p t he gate el ectrode 163,

the contact hole 155 is fornmed in such '@ nafner as to- reach the gate
el ectrode. The polycrystal silicon film 161 is deposited by the CVD
for exanple, in such a 5 manner as to contact the upper surface of the
gate el ectrode 163 on the bottom surface of the contact hole, t he
upper surface of the insulating film 154 and t 3T de 4s of the
insulating filmin the contact hol e 155. ' (or t he cont act
hole 155 is filled 10 with the polycrystgl A6 fer—that, the
pol ycrystal silicon film deposited on the-s 1C¢ \\\\\\(g
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of the insulating film154 is renoved by etching or the- i ke nmet hod

(Fig. 42B). (3) The titaniumfilm 157 is deposited over the entire 15
upper surface of the insulating film 154 and over the entire upper
surface of the polycrystal silicon film 161 (Fig. 420). - (4) After
that, the titaniumsilicide filn11561i$',4_ formed in the interface by the
silicidation caused 20 between the ti anldalfiln1157 and t he pol ycrystal
silicon 161 by heat treatnent. In the process, the titaniumfilm 157
is caused to react with the thickness of 8 to 34 nm By this, the
t hi ckness of the titanium - silicide film 156 forned t he heat
treatnent is 20 to 25 84 nm The tenperaturelipf gat’ trp nt for
forming the silicide is at |east 650 [err]C or or _ preferably at
| east 800 [err]C or nore. This tenperature &; ez}gug#igg nore than
1000 [err]C for preventing the = \\\ © - 56 -
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diffusion of the inmpurities introduced into the silicon.

According to this enbodi nent, as shown in Fig. 42B, the process is
required to deposit the polycrystal - silicon film161.in such a manner
as to contact the side 5 walls of the insulating filmin the contact hole
155, * . t he upper surface of the iqgggagkgg film 154 and the upper
surface of the device formng region'l n"t he - bottom of the contact
hole. As a result of filling the pol ycrystal silicon 161 in the :
contact hole 155, the 10 depth of the contact hole 155 is reduced thereby
to facilitate the deposition of the titaniumfilm 157 in - t he next
st ep. Wth the reduction in di el ol t‘he "kogt act
hol e, the aspect ratio of the contact @gle (d 0. Qgiﬁfineter'ratio)
tends to increase. According to the - 0 SRut t EF 1 nT" process,
therefore, it is difficult to cover the mgt al\ o i ci ent
t hi ckness on the sides and bottom of the contactifigles \\\ - It
i's, however, easy to deposit the titanium 2044 fotthe T hi-ekness of 8 nm.
or nore on the sides and N N Ao
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bottom of the contact hole by filling the polycrystal silicon in the

contact hole by the CVD techni que superior in step coverage and thus
reduci ng the depth of the contact hole. 25 Al so, according
to this enbodi nent, as shown in Fig. 41, the titaniumfilm 157 not
used for silicide reaction renaiTs79e&%yen-the titaniumnitride film
and "~ the titaniumsilicide film - -
57 - . In the case where the titaniumfilm 157 is | ef t
between the titaniumnitride filmand the titanium silicide filmas
descri bed above, the internal stress of the titaniumnitride filmis
reduced.and the separation 5 strength of et a8 d pImis
i ncreased nore t han when the titani umfnit f i tani um
silicide filmare deposited directly,gne o e r.//__'v::[::'- I n
order for the titaniumlayer 157 to exrst—iF the N tlamy nitride
filmand the titanium _ K// —
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10 silicide film the thlckness of the titaniumlayer 157 I's required

to be nore than sufficient to cause silicide reaction, and the

t hi ckness of the titaniumsilicide ~ filmis required to be controlled
to 20 to 84 nm by controlling the tenperature and tine of heat
treatment. 15 The cont act1 geot en of the sem conduct or

devi ce according to this enbodi ment is such~that the titaniumsilicide
film156 is formed in the interface - betvveen the electrical wiring
metal film 160 and the pol ycrystal silicon 161 filled in such a nmanner

as to 20 contact the gate electrode 163 in the contact hole 155.

Figs. 41, 42A to 42D show the case in whid "’V‘S‘UEI ce of the
titaniumsilicide film 156 is deposited hylt LeetTT W ring
nmetal film 160 including the unr.eact ilngy ) jxﬂ\m I5f—an€- t he
titaniumnitride 25 film-158. InstéEd.,__Lt [ | ‘hav('bnga
t hi ckness of 8 to 34 nm may be deposited ¢n the - face of the
gate el ectrode 163, and the titanium silic HL 156y —be f or ned
in such a manner as to N
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- B8 - consune t he entire'titaniun1filn1so that the titanium film

157 is not left on the upper surface of the titaniumsilicide film
156. Al'so, the titaniumfilm 158 may be in direct contact with the
upper surface of the: 5 insulating film154. The titaniumnitride 158 is
not limted to the shown one, ﬁéy?y4t?ke the form of anot her
conductive filmor another insulating Further, a | am nation
structure is not necessarily of different materials. The thickness of
the titanium 10 silicide 156 is 20 to 84 nm : The
enbodi nents were expl ai ned above with reference to the case in which
the fabrication include . the process i [ pcide film
is forned by .depositing the titaniumflil m Al er as 15
to contact the single-crystal silicongsubstirgfe otycryst al
silicon 161 and then by heat "treat ment~—z Th &6S
according to each enbodi nent, - however [ is no ','éjxito [ he one
expl ai ned above, but : — | —
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as shown in Figs. 43A to 43D, the heat treatnent may be 20 conducted

after formng the electrical wiring netal film 160. More specifically,
(1) The device isolation region 152 and the device form ng region 153
are formed on the silicon substrate . 151 (Fig. 43A). 25 (2) After
formng a device in the device forniqggquhg? 153, the.upper surface
thereof is forned with the I nsul g | m154. This insulating film
i s conposed of silicon oxide, for exanple. This insulating filmis
- 59 - formed with the contact hole 155 in order to assure
continuity with the device formng region (Fig. 43B). (3) The titanium
film 157 is deposited in such a manner as to contact the upper surface
of the insulating film 5 154, the side Fating filmin
t he contact hole 155 and the upper s t ' ~ <
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formng region 153 on the bottom of the contact hole. - Further, the
upper surface of the titaniumfilm 157 is deposited with the tltanl um
nitride film158 and the 10 tungsten film159. The titaniumnitride fllm
158 and the tungsten film 159 are not limted to the described

ones, but may take the form of anothey4c gd(?ctlve or insulating film
(Fig. 430). (4) The titanium si ilm156 is formed in the 15
interface by heat treatment and the resulting silicide reaction
between the titaniumfilm 157 and the device -formng region 153. The
titaniumfilm 157 having a t hi ckness of 8 to 34 nmis caused to react.
As a result, the titaniumsilicide film 156 forned by heat 20
treatnment has a thickness of 20 to-84 nm . mper at ur e. of
heat treatnment for formng silicide is at er —~<Br- nore
preferably 800 [err]C or nore. Al so, 'S urfe i L.e#e.r.ably
not nore than 1000 [err]Cin or de®Nto prA eHustgr-Qf \ t he
impurities 25 introduced into the silicon N\ < © 1nh
the case where the thickness of the ti L ' ’Tﬂ m 156 is set
to 20 to 84 nm t he
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contact resistance val ue between silicon and titanium

- 60 - can be reduced while at the sane tinme reducing the aver age
stress generated in the interface between silicon and ti'tani um
silicide to less than the critical breakdown stress |evel, thereby
provi di ng a superi or 5 contact fr (o) Eﬁparation of the titanium :
silicide film Flrg- "4 showed the case in which the
upper surface of the titaniumsilicide film 156 is deposited W th
the electrical wiring netal film 160 including the 10 unreacting titanium
film157, the titaniumnitride film 158 and the tungsten film 159

I nstead, the titanium film 157 ' t hi ckness of 8
to 34 nm in such a manner as-to e f Ny region

153 on the silicon substrate 151 and 0"5 n 15-¢ilcide film
156 is fornmed in such a manner as to —
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consune the entire titaniumfilm so that the titanium film2157 is not

| eft on the upper surface of the titaniumsilicide film 156. Al so,
the titaniumfilm 158 may be formed in direct contact on the
insulating film 20 4. The titaniumnitride film 158 and the tungsten film
159 are not limted to those shomn-agﬁge 4H5t anot her conductive or
insulating filmmy be used in place {% . equal effect. Further, a
| am nation structure is not necessarily of different materials. The
thickness of 25 the titaniumsilicide film156 is 20 to 84 nm
-61- CLAIMS: 1. A sem conductor integrated circuit device
conpri si ng: a menory cell of stacked capacitor structure fornmed
above a nenory cell-selecting SFET,; 'PVHE?ig&ned of a
WTiN-Ti filmformed above saig me ]
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-a first contact hole for connecting the first serm conduct or fegion of said

menory cell-selecting M SFET and said bit |ine; a .
pol ycrystalline silicon plug formed in said first contact hole and having
t he sane conduction type as said first sem conductor region; a

wiring layer electrically connected ?o ;,ha second sem conductor region of
the M SFET of the peripheral circui % sa(Pd menory cell, said wiring

| ayer being fornmed of a WTiN-Ti filmin.the same |layer as said bit |ine,
sai.d second sem conductor region and said wiring |ayer being connected to
each other by a second contact hole formed with said wiring | ayer

t herei n; a first titaniumsilicide filmhaving a thickness of
120 nmor |ess fornmed between ; : et~ g_and said
bit line in said first comM - 1 “ani um
silicide filmhaving a thickngsg of Oley d betwgen—said
second : <t — . — ' ;
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sem conductor region and said wiring layer in said

- 62 - second contact hole. 2. A sem conductor integrated circuit
device according to Caiml, wherein said first contact hole has a
dianeter of 0.4 [err]mor less, and sai d fi rst titaniumsilicide film has
a thickness of 84 nmor less. 3. conductor integrated circuit
device according to Caim1l1, wherei n sal d Irst contact hole has a

di aneter of 0.3 [err]mor |ess, and said fi rst titaniumsilicide film has
a thickness of 72 nmor |ess. senjpconductor integrated circuit
device according to daiml, V\/nerFI' 6| d%’;snd titanium silicide film
has a thi ckness of '20 nm or - nore. sem conductor integrated
circuit - -device conprising: : a nmenory cell of stacked capacitor
structure forned abo@O '
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a bit line formed of a WTiN-Ti filmfornmed above said nenory cell;
a first contact hole for connecting the first sem conductor region of said

menory cell-selecting M SFET and said bit |ine; : a

pol ycrystalline silicon plug formed in said first contact hole and haV| ng

t he same conduction type as said fi r%tqzeﬁdcgonduct or region; . a

wiring layer electrically connected t econd sem conduct or region of

the M SFET of the peripheral circuit of said nenory cell, said wiring-

| ayer being formed of a WTiNTi filmin the sane | ayer -

- 63 - as said bit line, said second sem conductor region and said wiring

| ayer being connect ed to each ot her by a second contact hole formed with-
said wiring |ayer therein;

FI1G.27

| 1 159)




a first titaniumsilicide filmforned between said polycrystalline silicon

plug and said bit line in said first contact hole; and a second
titaniumsilicide filmforned between said second sem conductor region and
said wring layer in said second contact hole. 6. A sem conduct or

integrated circuit device according -g/CIzbn15, wherein said first
sem conductor © region includes a n-t' sé conductor. 7. A
sem conductor integrated circuit device . according to Cdaim.6, wherein said

second sem conductor region includes a p-type sem conductor. 8. A
met hod of fabricating a sem conductor -integrated circuit -device,
conprising the steps of: . formng a nenory cell-selecting M SFET

and a. M SFET for a peripheral circuit on a sedBsdnductor substrate and

then formng an informati on storage__capacitor gbove_sai d penor,

cell-selecting M SEET; . Mfﬂff\\; »mfﬁ AELZI n an

i nsulating film cf&ng. 2§ mony” ce \;‘; QgYa pol y_ryst|glll I ne
sane conduc

silicon plug of t
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as the sem conductor region of 'said menory cell-selecting MSFET in said
bit line contact- hole, and then formng a contact hole in the insul ating

film . covering said M SFET of said peripheral circuit;
depositing a Ti filmand a TiN filmon said |nsulat|ng film
formng by annealing a first titani ur@g | ayer having a thickness of
120 nmor less on the surface.of said I@ rystalline silicon plug in said

bit |line contact hole, and a second ti tanl umsilicide |layer having a
t hi ckness of 10 nmor nore on the surface of the sem conductor region of
said M SFET exposed to the bottomof said contact hole of said peripheral

circuit; and depositing a Wfilmon said TiNfilm and
patternl ng said Wfilmand the under_.l.'@ Té\éllmand
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the underlying Ti filmthereby to forma bit line and said wiring |ine of
sai d peripheral circuit conposed of a lamnation of the WTiNTi film at
the sane tinme.” 9. " A net hod of fabricating a sem conductor
integrated circuit device according to Claim8, wherein said step of
formng said titaniumsilicide | ayer %I?Z%@ES the step of form ng said
second titanium silicide layer to th ness of 20 nmor nore. 10.

A nmet hod of fabri-cating a sem conductor integrated circuit device
according to Claim8, wherein said step of depositing said Ti filmand
said TiN film includes the stepr ng sald Ti filmand said TiN
filmcontinuously in an inert ga Eln 34 A met hod of
fabricating a sem conductor integrated circuit deV| ce according to Claim
8, wherein - 65 - said step of depositing

said Ti filmand said Ti NFfA'ILUﬁE 'dAUSW&ﬁRI’ﬁERL%ﬁ‘ﬁEng deposi ting said Ti
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.one of the collimator sputtering and the | ow pressure |ong-di stance
sputtering. 12. A nethod of fabricating a sem conductor integrated
circuit device for formng a polycrystalline silicon plug of the sane -
conduction type as a first sem conductor region of a first regionin a
first contact hole connecting said f?kf}hfffjcond“Ctor region of said
first region to a first wiring, said fi egion being relatively high
and said second region being relatively l'ow on the main surface of a

sem conductor substrate, said second wiring being .connected to a second
sem conductor region of said second region through a second contact hol e,
said second wring and said first wiring being fornmed of a WTIiNTi film
in the sane wiring layer, said nethod conprising the steps of:

formng said first contact hole in the insulating filmcovering said first
region and filling said polycrystalline silicon plug of the sane
conduction type as said first sem conductor region of said first

FIG. 33
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region in said first contact hole; - formng said second cont act
hole in the insulating filmcovering said second region,;

depositing a Ti filmand a TiNfilmon said insulating film and form ng
by annealing a first titaniumsilicide |ayer having a thickness of 120 nm
or : -&gq - ss on the surface of said
polycrystalllne silicon plug I n sai fir§% contact hole, and also a second
titanium silicide |ayer having a thickness of 10 nmor nore on the
surface of said second seni conductor region exposed to the bottomof said
second contact hol e; ‘and depositing a Wfilmon said TiN film
and patterning said Wfilmand said underlying TiN filmand said
underlying Ti filmthereby to forma first wiring3and a second wiring
conposed of a lamnation of a WTIiNTi filmat the same tinme. 13. A

sem conduct or deV|ce COHDrISIEiI\
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a silicon substrate; ' an electrical wiring netal; _ an
insulating filmfornmed on said silicon substrate and including a plurality
of contact holes wused for connecting said silicon substrate and said

el ectrical wiring netal; and ~atitaniumsilicide filmformed in
said contact holes; : mherq$?%7qi§)titaniun1siIicide filmhas a
t hi ckness of 10 nmto 120 nm said si ubstrate and said electrical

wiring netal being connected to each other in said contact hole through

said titanium silicide film 14, A sem conduct or devi ce accordi ng to
Claim13, .wherein said titaniumsilicide filmhas a thickness of 20 nmto
84 nm 15. A sem conductor device according to Claim13, -
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- 67 - wherein said electricallmdring'netal contains titanium in its

surface contacting said titaniumsilicide film 16. A sem conduct or
devi ce conpri sing: - ~a silicon substrate; : an electrica
wiring netal ;- an insulating filmformed on said silicon

substrate and including a plurality gﬁé?ogqyct hol es ‘used for connecting
said silicon substrate and said elecCttflical  wiring netal; and : a
titaniumsilicide filmfornmed in said contact hol es; wherein
said silicon substrate and said electrical wiring netal are connected to
each other in said contact hole through said titaniumsilicide film and
the di stance between the interface between said silicon substrate and said
insulating filmand the interface between saiﬁgéilicon-substrate and said
titaniumsilicide filmis 18 nmto 78 nm___17. A_sepnj conduct or devi ce
according to Caim16, wherein saild™s i )al cont ai ns '

titanium —154
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inits surface contacting said titaniumsilicide film 18. A

sem conduct or devi ce conpri si ng: ' a silicon substrate;

an electrical wiring netal; an insulating filmformed on said
silicon substrate and including a plurality of contact holes used for
connecting said silicon substrate anQ3zpyq1Cplectrical wiring netal; and
atitaniumsilicide filmformed in sai contact hol es; wher ei n
said silicon substrate and said electrical wiring netal are connected to
each other in said contact hole through said titaniumsilicide film and
“the distance between the interface between said silicon substrate and said
insulating filmand the interface between said silicon substrate and said
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titaniumsilicide filmis 9 nmto 110 nm
according to C ai m18,

wherein said electrica

10.

A semni conduct or devi ce

wring netal contains

titanium.in its surface contacting said tltanlun1S|I|C|de film 20.
A sem conduct or device conpri sing:

an el ectrical

a pol ycrystal

silicon;

w ring netal;
silicon substrate and |nclud|ng a plura
connecting said silicon substrate and said
silicon filled in at
a titaniumsiticide filmformed on the surface

wherein said titaniumsilici

10 nmto 120 nm said polycrystal

bei ng connected to each
silicide film -

FIG.38B

FIG.38C

FIG.38D

380

a silicon substrate;

Qﬁulatlng filmfornmed on said

y of contact holes used for:
el ectrical wiring netal;

| east one of

said contact holes; and

of said polycrystal
ilmhas a thickness of
silicon and sgﬁﬂg

other in salo‘ nté\
'FIG 38A

el ectrical wring netal

holie thr gﬁw aid titanium

_ \ NN 152
/ ~ A-I151
153
_ \ 154
—152
/ . /L—_\—I5l

153 161

77
N\

/157
/ N
A _i54
|52
2\ /T-\lss
153 161
777 7 —i57

pa

777/ 1156
77\

—~|52

A | //}—\—I5l

]
153

!
161



- 69 - 21. . A semi conduct or device according to Claim20, wherein
said titaniumsilicide filmhas a thickness of 20 nmto 84 nm 22. A
sem conduct or device according to Caim20, wherein said electrical wring
metal contains titanium in its surface contacting said titaniumsilicide

film 23. A sem conduct or devi§§ 2 rising: a single
crystal silicon substrate; gate el ectrode of MOS structure
fornmed on- said single crystal silicon substrate; an el ectrical
wiring netal; . an insulating filmfornmed on that surface of said

single crystal silicon substrate where said gate electrode is fornmed, said
insulating filmincluding at |east one contact "hole used for connecting
said gate electrode and said electrical wiring netal; and a
titaniumsilicide filmformed in said '
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contact hol e; wherein said titaniumsilicide filmhas a
t hi ckness of 10 nmto 120 nm said gate el ectrode and said electrical
wiring netal being connected to each other in said contact hol e through

said titanium silicide film 24. A sem conduct or device according to
Claim23, wherein said tltanlun15|lbpqu f@ln1has a thickness of - 20 nmto
84 nm 25. - A sem conductor device according to Caim23, wherein
said electrical wiring netal contains titanium _

- 70 - inits surface contacting said titaniumsilicide film 26.

A nmethod of fabricating a sem conductor device, conprising the steps of:
formng an insulating filmon a silicon substrate; formng a

contact hole in said insulating

163
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film depositing a titaniumfilmin contact with said silicon
substrate in said contact hole; and causing said titaniumfilm
and said silicon to react with each other by heat treatnent, thereby
subjecting said titaniumfilmto S|I|C|de reaction with the thickness of 4
nmto 48 nm 27. A nmethod of faly gpg a sem conductor device
according to Caim26, wherein said SI|ICId reaction step includes the
step of subjecting said titaniumfilm to silicide reaction with the

t hickness of 8 nmto 34 nm 28. A nmethod of fabricating a

sem conductor device, conprising the steps of: form ng an
insulating filmon a silicon substrate; formng a contact hole
in said insulating film : filling polycrystal silicon in said

contact hol e;

FIG. 41
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depositing a titaniumfilmin contact wwth said polycrystal silicon in
said contact hole; and _ causing said titaniumfilmand
said - polycrystal silicon to react  with each ot her by heat treatnent,

t her eby subjecting said tltanlun1flln1to silicide reaction with the

t hi ckness of 4 nmto 48 nm 29. y bod of fabricating a

sem conduct or device according to Cla|n1 wherein said silicide reaction
step includes the step of subjecting said titaniumfilm to silicide
reaction with the thickness of 8 nmto 34 nm 30. A nmet hod of
fabricating a sem conductor device, conprising the steps of: :
formng an insulating filmon a silicon substrate; formng a

contaét ho|ein;ildGins2at2iK film w:gg
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depositing titaniumto the thickness of. 4 nm to 48 nmin such a nmanner as-
to contact said silicon .substrate in said contact hole; and

causing said titaniumfilmand said silicon to react with each other by
heat treatnment, thereby subjecting at least a part of said titaniumfilm
to silicide reaction. = 31. A m%@aflpb fabricating a sem conductor
device accordiing to Caim 30, wherei aid¥step of depositing titanium

i ncludes the step of depositing said titanium to the thickness of 8 nmto .
34 nm
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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE FOR CONNECTING
SEMICONDUCTOR REGION AND ELECTRICAL WIRING METAL VIA .
TITANIUM SILICIDE LAYER AND METHOD OF FABRICATION
THEREOF o -

A semiconductor device comprises a silicon

1substrate, an electrical wiring metal, an insulating

£ilm formed on the silicon substrate, a plurality of
contgct holes formed in the insulating film for
connecting the silicon substrate and the electrical
wiring metal to each other, and a titanium silicide film
formed in the contact holes. The thickness of the
titanium gilicide film is 10 nm to 120 nm, oxr prefe:ab4
ly, Zd nm to 84 nm. Semiconductor regions and the '

electrical wiring metal are connected to each other

through the titanium silicide film.

(Figure 1)



