SEM CONDUCTOR CONTACT METALLI ZATI ON BACKGROUND OF THE | NVENﬁ%FL%%%}QELD
«<3F THE | NVENTION This invention relates to a nethod of fabri &Y d&h for
sem conductor integrated circuit devices, and nore particularly, to a

met hod whi ch produces a netallization with superior and inproved barrier
integrity for contact between active silicon device regions and overlying
metal conducting lines. (2) DESCRI PTI ON OF RELATED ART In the fabrication
of semi conduct or i nt egr SEMICONDYIGTOR COANTNCT MEIALIFAAT XMt act to | ower
_active silicon device regions of the integrated circuit through vias in an
insul ating layer. Due to shrinkage in size of sem conductor conponents and

SUrf aces of very small a ea ERFRCEOUNE T fifh ORFREAT 3TL2 0™ n%r der 1o
Thoul ating | ayer must have dad BFAR et ISR G Gry etching
fevel oped to. pr ihise UBRCER Felttesiam T of 4F S LR AR oR Weedhe”
vertical sifdewglemiconductor integrated circuit devices, and more
particularly, to a method which produces a metallization with

Superior and improved barrier integrity for contact between

active silicon device regions and overlying metal conducting

lines.

(2) DESCRIPTION OF RELATED ART

In the fabrication of semiconductor integrated circuits,
metal layers make contact to lower active silicon device
regions of the integrated circuit through vias in an
insulating layer. Due to shrinkage in size of semiconductor
components and increased cifcuit density the need arises to
obtain contacts having surfaces of very small area and spaced
at very small intervals. In order to achieve the necessary
small spacing intervals the vias etched through the
insulating layer must have neérly vertical sidewalls and d=y
etching processes such as plasma etching and RIE (Reactive
Ion Etching) have been developed to produce such vertical
sidewall vias. After formation of the vertical sidewall
vias, the subsequent metal deposition processes must be

capable of filling the vias with a conducting metallization



vi as, the subsequent netal deposition processes nust be capable of filling
fhe vias with a conducting netallization -2- which is without voids
within the via and which produce a substantially planar conducting |ayer
across the via regions and insulator regions. This conducting netallization
must al so produce a | ow resistance cokact to active silicon device regions
and nust provide a barrier to penetration of conponents of the

net al | i zat "BH-Gihtds twiktkeut cvplds whthint the ¥éda eadcshish prafugss.a U, S.
Pat. No. 5,240,880 entitled "Ti/Ti N Ti Contact Metallization" granted Aug.
31, 1993 t FubshAnyizi hanRkaRar ofopductipds LaYREt RGFOFS tdianivig Femionsv Ti
cont act netal|ization to a doped siljcon region, wherein titaniumis first

sputtered f nSUlaten, T eS+ORE: ¢ FRASt FPRAMGMIAR: Medd Lld z8dian s thy
I nt roduci i t i nt h tteri h i tteri, f th
't an um § RS DERGE 8 1V FERF FahPHCORRRRS 3P Ao g hat

the final P&l e AYEL hSa mbdl! BPbv e oBe R % Bt htion of

components of the metallization into the silicon in the

‘active device contact regions.

U.S. Pat. No. 5,240,880 entitled "Ti/TiN/Ti Contact
Metallization” granted Aug. 31, 1993 to Gregory Hindman et al
describes a method of forming a Ti/TiN/Ti contact
metallization to a doped silicon region, wherein titanium is
first sputtered from a titanium target, then titanium nitride
is deposited by introducing nitrogen into the sputtering
chanif:er while sputtering from the titanium target, and
finally stopping the supply of nitrogen gas so that the final
sputtered layer is titanium. Subsequently aluminum is
deposited on top of the titanium layer and heat is applied so
that some of the titanium in the first titanium layer reacts
with the silicon in the doped silicon region to form a

silicide layer.

U.s. Pat. No. 5,356,836 entitled "Aluminum Plug Process"
granted Oct. 18, 1994 to Kuang-Chao Chen et al describes a
metallization scheme wherein the barrier layer is made up of

sputtered multilayers having a first léyer composed of



deposited on top of the titaniumlayer and heat is applied so that sonme of
tthe titaniumin the first titaniumlayer reacts with the silicon in the
doped silicon region to forma silicide layer. U S. Pat. No. 5,356, 836
entitled "Al um num Plug Process” granted Cct. 18, 1994 to Kuang- Chao Chen
et al describes a netallization scheme dherein the barrier |ayer is nade up
of sputtered nultilayers having a first |ayer conposed of -3- titanium
a second | afdtamdmsosad sgcand havan connased 19f deitheri tihaniumunitr éde
and a final |ayer conposed of titanium Subsequently alum numis deposited
by a two st &F Fatandimdynasters. dnd & ff inrl 113¥er sceprpsedeef ok hbaniuing
to insure continuity of film coverage and the second step is perforned hot
to prevent PHOFOANERLLHRIMRIAUP it deRASihed RY o, tva shep FRuEkeRiRSNed
processes the effectiveness qf the barrier.fro eréies of the sputtered
nul ti | ayer s PEOCESS yhaF ehb the £ HSfe et} 58?1' FPadt CRAdH kO | ENHUER
_because sputtering processes provide poor coverage at the bottom
continuity of film coverage and the sSecond step is performed

hot to prevent void formation within the contact region.

In the aforementioned brocesses the effectiveness of the
barrier properties of the sputtered multilayers is degraded
whén the aspect ratio of contact holes is high, because
sputtering procésses provide poor coverage at the bottom
corners of deep vertical holes. Aspect ratio is defined as
the ratio of hole depth to hole width. As circuit device
dimensions shrink contacts having a width of 5,000 Angstroms
or less become necessary. With interlevel dielectric layer
thicknesses ranging between about 5,000 to 10,000 Angstroms
the contact hole aspect ratio is greater than 1.0. 1In
addition, high aspect ratio contact holes require that the
sputtered aluminum_metal;ization be deposited with an
extended and/or hotter second deposition step_in order to
produce a voidless contact and a planar metallization
surface. This higher temperature and/or longer time at a
high temperature, also, degrade the barrier integrity and
result in aluminum penetration into the silicon contact

region to cause shorting of the doped silicon junction.



corners of deep vertical holes. Aspect ratio is defined as the ratio of
hol e depth to hole width. As circuit device dinensions shrink contacts
having a width of 5,000 Angstrons or | ess becone necessary. Wth interl evel
dielectric layer thicknesses rangi ng between about 5,000 to 10, 000
Angstrons the contact hole aspect ratio is greater than 1.0. In addition,

hi gh aspect ratio contact holes requirege B&at the sputtered al um num :
metal lization b PSRt W RYCRHLA t b RUE 8RELEr tRoBt Bovedcaad depositi on

step in order to produce a vgidless contact and a planar netallization
surf ace. 1?%@9?9!&&%”?%%%@r%.uf%F%hﬂgd?°PBﬁ§ErmPF ligagigngikor agsdvet ur e,
al so, degrade the errjer integrity and result in alum num penetration into
the sili corfj(cajo‘rﬁ%t SEHFO T EHLIBT s VRETF IR nER8 1 CORL 2GS p e taLLiigak Lpan ddison.
-4- The pr%ﬁngJrnwwnéon IS di%qgted.to a goveL and i nproved nethod of
formng cortagr H¥t FRF APRPEAVEY BREF V- sHHR9R1E&vi ce regions, wherein the
contact netallization has superior and inproved barrier integrity.
SUMMARY OF THE INVENTION
One object of the present invention is to provide an
improved method of forming a contact metallization to a doped

silicon region on a silicon substrate.

Another object of the present invention is to provide a
new and improved multilevel contact metallization with
superior and improved barrier.integrity for contact between
active silicon device regions and overlying metal conducting

lines.

A further object of the present invention is to provide
a new and improved multilevel contact metallization which
permits silicon device exposure to extended thermal process
times and/or higher temperature processes without metal

penetration into the silicon contact junction regions. “

In accordance with the present invention, the above and
other objectives are realized by using a method of forming a
contact metallization to a doped silicon region on a silicon

wafer through an interlevel dielectric layer. This method



SUMVARY COF THE | NVENTI ON One obj ect of the present invention is to provide
an i nproved nethod of formng a contact netallization to a doped silicon
region on a silicon substrate. Another object of the present invention is
to provide a new and inproved nultilevel contact nmetallization with
superior and inproved barrier integrity-f®r contact between active silicon
device regions and overlying netal conducting lines, A further object qof

t he presencomprmeasorfdarming pr ssantact ol anth | ¥R oletierleveleGerleshtas:
metal lization which permts silicon device exposure to, extended thernma
process ti A@yewsd/tdrenaafitar + daraskting i obbsskstikanbur kavgr p¥REt LAEi on
into the silicon contact junction regions. In accordance Wwth the present

i nventi on, Surfagewaf dhe diesr gy aktdiakeetels cand zkateythei AGNEaREL hod of
formng a contact netallization to a doped silicon region on a silicon
waf er throdhein thereaftey, Aepesiting |gykttanhpd %gﬁbﬁe laysr over

the titanium layer; thereafter, depositing a layer of CVD
(Chemical Vapor Deposited) tungsten over the titanium nitride
layer; thereafter, depositing an optional second titanium
layer over the CVD tungsten layer; thereafter, depositing
aluminum or an aluminum-copper-silicon alloy by a two step
sputtering process wherein the first step is performed cold
to insure continuity of film coverage and the second step is

performed hot to fill and planarize the contact region.

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that include:

Figs. 1 and 2, which schematically, in cross-sectional

representation, illustrate one preferred embodiment of this

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The new and improved method of forming contact

metallization to active silicon device regions, wherein the

contact metallization has superior and improved barrier



conptises formng a contact hole in the interlevel dielectric |ayer;
thereafter, depositing a first titanium/layer over the surface of the-
interlevel dielectric and into the contact hole; thereafter, depositing a
titaniumnitride | ayer over the titaniumlayer; thereafter, depositing a

| ayer of CVD (Chenical Vapor Depositedy &tngsten over the titaniumnitride
| ayer; thereafter, depositing an optional second titaniuml|ayer over the
CVD tungst éntegyaty,t waddahoer beddessinibed dnfekadlbr Biis contact

al um num copper-silicon alloy by a two step sputterin rocess wherein the
first stepmptapdizstion @@Fid\{’@o useduas ERKL A t@%ﬁﬁ@?ﬂ%r%@taﬂaﬂ he
second step is perfornmed hot to fill and planarize the contact region.

BRI EF DESCRMPTeuRlErbehnoprAnes tigkedo Bt dMAlRE 10f h e h X REASE A RRI H LR s

i nvention are best described in the preferred, enbodients with reference to
the attachERegifdfngsepsauniqueyde understanding thys SneenkieR i %htl e n
cross-sectional .representati.qn, illustrate one preferred enbodi nent of this
i nvent i on. IBESERPEY &R %ﬁt “PREFERRED EMBODI MENTS The new and i nproved
met hod of formng contact netallization to active silicon device regions,
wherein the

Referring to Fig. 1, there 1is shown a portion of a
partially completed integrated circuit. The semiconductor
substrate, 10, is preferably composed of P-type, single
crystal silicon with a <100> orientation. A doped region, . 9,
is provided in the semiconductor substrate,'lo. An
interlevel dielectric layer, 11, of silicon dioxide or the
like, is deposited by low pressure chemical vapor deposition
(LPCVD), atmospheric pressure chemical vapor deposition
(APCVD), or plasma-enhanced chemical vapor deposition (PECVD)

to a thickness of between about 5,000 to 15,000 Angstroms.

Contact openings are formed through the interlevel
dielecﬁric layer to the semiconductor substrate, 10, wherein
there may be doped device region, 9, formed therein, as is
well understood by those skilled in the art. Conventional
lithography and dry etching techniques, such as plasma
etching or RIE, are used to form the contact openings. For
simplicity, and since they do not form a part of the

invention, a single opening and a single doped device region

are shown in the Figs.



contact netallization has superior and inproved barrier -6- integrity,
Wi ll now be described in detail This contact netallization can be used as
part of MOSFET devices that are currently being manufactured in industry;
therefore only the specific areas unique to understanding this invention
will be described in detail. Referring to Fig. 1, there is shown a portion
of a partially conpleted integrated circuit. The sem conductor substrate,
10, is preferably conposed of P-type; 3imgle crystal silicon with a <100>
orientation. A doped region, 9, is provided in the seniconductor substrate,
10. An interl eRelfedirdingctadadin dpeFigll 1l ,ofa Fiulittickek bxbaer ber t hayér ks i s
deposited by | ow pressure chem cal vapor deposition (LPCVD), atnospheric
pressure cheppsitedapyerddhssisurdraceprdvihe suhstrate camdretthimebieal
vapor deposition (PECVD) to a thickness of between about 5,000 to 15,000
Angst r ons. coptagét opgaiinggs afhe farst tayergh ke inteonposdd oLl ectric
| ayer to the sem conductor substrate, 10, wherein
sputtered titanium and is between about 400 to 800 Angstroms
thick. The titanium in contact with the silicon within the
contact openings reacts with the silicon, upon subsequent
heating, to form a low resistance contact. The second layer,
13, is composed of titanium nitride, deposited by sputtering
from a titanium target in the presence of nitrogen, and is
between about 800 to 1,500 Angstromé thick. A third and
critical layer, 14, for this invention, is composed of
conformal CVD tungsten deposited by using WFs, SiHs and H2 at
a pressure between about 60 to 120 Torr, at a temperature
between about 350 to 480°C, and is between about 800 to 2,500
Angstroms thick. An important attribute of conformal CVD
tungsten layer, 14, is formation of a continuous layer over
the titanium nitride layer, 13, on all surfaces, including
the bottom of the contact opening, the vertical sidewalls of
the contact opening, and surfaces outside the contact regions
and across corners and intersections of the various titanium
nitride surfaces. The conformality of the CVD tungsten
layer, 14, improves the integrity of the barrier layer by
eliminating easy diffusion paths for silicon and aluminum at
contact corners. A final optional layer, 15, completing the

barrier layer, is composed of sputtered titanium and is



there may be doped device regibn, 9, fornmed therein, as is well understood
by those skilled in the art. Conventional |ithography and dry etching
t echni ques, such as plasma etching or RIE, are used to formthe contact
openings. For sinplicity, and since they do not forma part of the
I nvention, a single opening and a sing+eB doped device region are shown in
the Figs. -7- Referring again to Fig. 1, a nultilevel barrier |ayer is
deposi ted obetwelen sabdiacetdl tde8GFsigstirommdvichi n The sputtered
openings. The first layer, 12, is conposed of sputtered titaniumand is
bet ween abouititadduno I80EANGST 5 BRXVES ke ameadhesivendaverohebveeni thet he
silicon within the contact openings reacts with the silicon, upon
subsequent BaFTiley, lLayewst rand |pbseaientdit SRriered FhemipudneoPRgET, 13,
I s conposed of titaniumnitride, deposited by sputtering froma titanium
target in tidldconemetakligatinpnadi ik betThePEpbeEredomebailspation
Angstrons thick.. Athird and critical layer, 14, for this invention, is
conposed of S aluminum or an aluminum alloy, such as Al-1% Si-0.5% Cu,
or alternately alloys of aluminum containing between about 0
to 2.0% Si and between about 0 to 1.0% Cu. As commonly
practiced in the industry, the aluminum or aluminum alloy
metallization layer, 16, is deposited by a two step
sputtering process wherein the first step is performed cold
to insure continuity of film coverage and the second step is
performed hot to fill and planarize the contact region. For
example, the cold sputter deposition should be at a substrate
temperature between about 25 to 150°C, and preferably at a
temperature less than about 100°C, and should deposit a layer
thickness between about 1,000 to 3,500 Angstroms. The hot
sputter deposition should immediately follow and should be at
a substrate temperature between about 400 to 580°C, and
preferably at a'temperature:higher than 430°C, and should
deposit a layer thickness between about 2,500 to 7,500
Angstroms. A final sputtered titanium nitride cap layer, 17,
is deposited to serve as an ARC (Anti-Reflection Coating)
layer, as commonly used to facilitate photolithogrphic
processing for patterning of the interconnect metallization
layer. Fig. 2 shows a completed metallization contact to

silicon and interconnect metal after pattern formation.



confarmal CVD tungsten deposited by using [err] and [err] at a pressure
bet ween about 60 to 120 Torr, at a tenperature between about 350 to [err].
and i s between about 800 to 2,500 Angstrons thick. An inportant attribute
of conformal CVD tungsten layer, 14, is formation of a continuous |ayer
over the titaniumnitride layer, 13, on all surfaces, including the bottom
of the contact opening, the vertical gjgemalls of the contact opening, and
surfaces outside the contact regions and across corners and intersections
of the various titaniumnitride surfaces. The confornality of the CVD
tungsten |ayer, Whilenpghe dhvention qps theesi rawet bewlarky| ahewnpgnd
elimnating easy diffusion paths for silicon and al um num at contact
corners. A fesgrided sidh |xgfarence tihemuRfercedaerbedimgnts, s
conposed of sputtered titaniumand is - 8- between about 400 to 800
Angst rons t FREEeCEhe 1dp iy & tqncdérﬁﬁﬁﬂqdaﬁgr thoese sgkytledsinnthgnastyve

| ayer between the barrier |ayers and subse %ft%g.ﬁguttered .

al um num co . VE@3ush Gha qq:&ﬂikﬂ?“ Jdetdlhs may be pade without

netallizatiqn .. . . '
_%eparting from the spirit and scope of the invention.

What is claimed is:



is alum [ an aluntnuntalloy, .such as Al-1% Si -0.5% Cu, or alternately
al | oys OW n| ng between about 0 to 2.0% Si and between about
0to 1.0 practlced in the industry, the al um num or

al um num al | oy net |zat|on | ayer, 1gg i s deposited by a two step
sputtering process mhereln the first step is perforned cold to insure

continuity of film coqeragganadda Bt tﬁ&dﬁd}?r rmdup@é d‘tg)tg all

and planarize the contact region. For exanple, the col sputter eposition
should be at a SQQ§Qﬁ§keddm§¥y§ﬂ . between about 25 to [err], and
preferably at a tenperature |ess than about [err], and should deposit a

| ayer thickness betwegitroMi@ingl 30Q iterd.en@dd /En@ﬂtddﬁﬁc Theydwtowdttine
deposition should i mediately foll ow and should be at a substrate

t enper at ur e bet weair falzeuto f4G0 semijcamductord subaftarattd )y at a tenperature

hi gher than [err], and should deposit a | ayer thickness between about 2,500
to 7,500 Angstrons. Apiriovdldisputaterlehst toard wontdot deperping ayeroudty . sd &d
deposited to serve as an ARC (Anti-Reflection Coating) |ayer, as commonly
used to facilitatieteirdeve]ll RdglEutriwr degyes o fsaidatdmeicomiuatos he

i nterconnect netallization |ayer. Fig. 2 shows a conpleted netallization
contact to siliceuwbstaatet;er connect netat after pattern formation.
depositing a first titanium layer over the surface
of séid interlevel dielectric layer and into said
contact opening;
depositing a titanium nitride layer over saia first
titanium layer; |
depbsiting a conformal CVD tungsten layer over said
titanium nitride layer;
cold sputtering an aluminum layer over said
conformal CVD tungsten layer at a temperature of less
than about 100°C; and
hot sputtering an éluminum layer over said cold

sputtered aluminum layer at a temperature of more than

about 430°C.

2. The method of claim 1, wherein said interlevel
dielectric layer is silicon dioxide deposited to a

thickness between about 5,000 to 15,000 Angstroms.



-9- Wile the invention has been particularly shomh”énd described with
refere ed enbodi nents thereof, it will be understood by

t hose gmmwm,'ﬂmm["m[ that various changes in formand details nay be
made w t'hoGt Heparting fromthe spirit and scope of the invention. Wat is
clained is: - 10 - 1. The nmethod of métlatrlization of an integrated

circuit conprising: providing an interlevel dielectric |ayer over the

surface of a sem condjict ofhsURSERGA €6 f PEDYidi DY Rhelreast saia Farisact
opening through said interlevel dielectric |layer to said sem conductor
substrate; depoxiiitidigiwmfldpgér | ihavning & aykrickuesst betseehaadout 400 to

800 Angstroms, is deposited by sputtering.

4. The method of claim 1, wherein said titanium
nitride layer, having a thickness between about 800 to

1,500 Angstroms, is deposited by sputtering.

5. The method of claim 1, wherein said conformal
CVD tungsten layer is deposited at a temperature between
about 350 to 480°C, to a thickness between about 800 to
1,500 Angstroms, using WFs, SiHs, and Hz at a

pressure between about 60 to 120 Torr.

6. The method of claim 1, wherein said cold
sputtering of said aluminum layer is performed at a

temperature between about 25 to 150°C.

7. The method of claim 1, wherein said hot
sputtering of said aluminum layer is performed at a

temperature between about 400 to 580°C.

8. The method of claim 6, wherein said cold
sputtered aluminum layer is deposited to a thickness

between about 1,000 to 3,500 Angstfoms.



of saidTRterlevel dielectric | ayer and into said contact opening;
deposi ti ngaw i ' ““ﬂ;ide | ayer over said first titaniumlayer
deposi ti Hl\m“mﬂ“m D tungsten layer over said titaniumnitride |ayer;
col d sputtertng af alfuninum | ayer over said conformal CVD tungsten |ayer at

a tenperature of |ess than about [err]?zahd hot sputtering an al um num
| ayer over said cold sputtered alum num | ayer_at a tenperature of nore than

about [err]. 2. The n®thoBhefmethed,af GhaiB; A-sWRErPANeSRAFehOFi el ectric

| ayer is silicon dioxide_deposited o a thickness.between about 5,000 to
15?000 Angstronssputt%Fth%PH%%ﬂﬂm RYRF atth ?pﬂﬁéggpn QaFdQSFngeFFtanium

by Sput (ot i ng. - AERFESoTRORE of - 8081 PR 17 - 298 BPASERPRSE: tani um o

10. A method for fabricating a MOSFET device on a
semiconductor substrate, wherein contact to the active
device element comprises the steps of:

providing said active device element in said
semiconductor éubstrate;

depositing an interlevel dielectric layer on said
semiconductor substrate, that includes said active
device element;

providing a contact opening, etched through said
interlevel dielectric layer, to said active device
eiement;

depositing a first titanium layer over the surface
of said interlevel dielectric layer and into said
contact opening;

depositing a titanium nitride layer over said first
titanium layer;

depositing a conformal CVD tungsten layer over said
titanium nitride layer;

depositing a second titanium layer over said
conformal CVD tungsten layer;

cold sputtering an aluminum layer over said second



nltrrd*‘r’yer haV|n a thickness between about 800 to 1,500 Angstrons, is
dep05| g“‘ . 5. The nethod of claimi, mhereln sai d conf or mal
CVvD t mmmm\% eposited at a tenperature between about 350 to
[err], 40¢a th knéss bet ween about 800 to 1,500 Angstrons, using [err],

[err], and Hz at a pressure between abouﬂ366 to 120 Torr. 6. The nethod of

. cIa|n11 wherein said cold sputteri g of said alug1ﬂﬁn1la¥§% IS perforned
at a tenperat ur £ Heamisem Lae¥ 2% 3 temperatyrerq ERod

wherein said hot utterlng of said alum num |l ayer is perforned at a
tenperature betWHEﬁ @bo®d 400 to [err]. 8. The method of claims§6, mherein
said cold sputtered al um num I S de osited io a_t hi ckness bet

about 1,000 to 3,500 DYstPBhEe éting -agpaz u@1n¥ﬂe REEROVSF SPAAMP, erein
said hot sputtered,al um gum | ayer, i £,05P0gk! 89 bRpBERLEA S nore than

about 430°C.

11. The method of claim 10, wherein said active
device element in said semiconductor substrate, is an

N-type doped region.

12. The method of claim 10, wherein said interlevel
dielectric layer is silicon oxide, deposited using
LPCVD, APCVD or PECVD processes, at a temperature
between about 400 to 850°C, to a thickness between about

5,000 to 15,000 Angstroms.

13. The method of claim 10, wherein said contact
opening is created using anisotropic RIE removal of said
interlevel dielectric, in Oz, CHF3, CF4, CO or

C4Fa chemistry.

14. The method of claim 10, wherein said first
titanium layer, having a thickness between about 400 to

800 Angstroms, is deposited by sputtering.



bet ween about 2,500 to 7,500 Angstrons. 1.0. A nethod for fabricating a
I\/Dsrmmmllmuml)mmem conduct or substrate, wherein contact to the active
devi i ses the steps of: providing said active device el enent
in sdidsehi donduct’or substrate: deposi tipg an interlevel dielectric layer

on said sem conductor substrate, that includes said active device el enent;
provi ding a contact Ofening, etched through said interlevel dielectric

| ayer, to said activeldevTBe Bethedtofehddmt LAg Wheredn saighitdhandpm
over the surface of sgid i nterl evel dielectrkc | ayer and into said contact -

openi ng; depps!t?ﬁbr ¢i LaKetim RRY1REe3) Lhirkpess ?&FUeﬁPr§PQHqQ§QQMﬁ° _
| &yer ! deposi ti b 208 cReETonSn L PegRs Lbo8) BYaPRUESAFIARI OVD ( ungsten
| ayer; cold sputtering an alum num | ayer over said second
16. The method of claim 10, wherein said conformal
CcvD ihngsten_layer is deposited at a temperature between
about 350 to 480°C, to a thickness befween about
800 to 2,500 Angstroms, using WFe, SiHs and Hz at

a pressure between about 60 to 120 Torr.

17. The method of claim 10, wherein said second
titanium layer, having a thickness between about 400 to

800 Angstroms, is deposited by sputtering.

18. The method of claim 10, wherein said cold
sputtering of said aluminum layer is performed at a

temperature between about 25 to 150°C.

19. The method of claim 10, wherein said hot
sputtering of said aluminum layer is performed at a

temperature between about 400 to 580°C.

20. The method of claim 18, wherein said cold
sputtered aluminum layer is deposited to a thickness

between about 1,500 to 3,500 Angstroms.



- 13 - titaniumlayer at a tenperature of |ess than about [err]; and hot
,Spl;ﬂ uwmll“ﬂmnmmm | ayer over said cold sputtered al um num | ayer at a
te 7 ok ix than about [err]. 11. The nethod of claim 10, wherein
said active device*elenment in said sem conductor substrate, is an N-type
doped region. 12. The method of clai m10t3 wherein said interlevel
dielectric layer is silicon oxide, deposited using LPCVD, APCVD or PECVD
processes, at a tenp&lat (fhe meathad %gcﬁkamomo Vhergint saadt hotkness
bet ween about 5,000 to 15,000 Angstrons. 13. The nethod of claim 10,
wherein said coPadit egirshiadgiminun daxer uks ndepdstbtedopocaRtBEickmessl of

said interlevel dielectric, in [err], or gerr] chem stry. 14. The net hod of
cl ai m 10, wher eibetatgien ahopt 2,500 to 7,500 Angstroms.



titanium |l ayer, having a thickness between about 400 to 800 Angstrons, isS
‘deposi ted by sputtering. - 14 - 15...The et hod of claim 10, wherein said
titaniumnitride |ayer, having a t Hi ckness between about 800 to 1, 500
Angstrons, is deposited by sputtering. 16. The nmethod of claim 10, wherein

sai d conf orsgRtconpbctor gofEeT! MyRiLiATdewosi ted at a tenperature between
about 350 to [err], to a thickness between about 800 to 2,500 Angstronmns,

using [err] and [err] at a pressure BRI Tbout 60 to' 120 Torr. 17. The
met hod of claim210 \%e n thald SE( and_ titani um | aye havi ng a thi ckness
bet ween about 480 ™MeF Ry FARFHE 51N A SHIRTP Y s‘b?l‘?’t‘%ﬁ’? hgtwepa

nmet hod of L:@ (pel wherein.said coI d .sp utter| n of salgyal um num | ayer is

per f or med at A Ve FSYAGS FE iR &t é;d‘(}dt 18%e net hod of

glt alam 10, waes ﬁ'lrlz%@l%nhcit V%[im th%@ ri)%e(}f dseq}edloaﬁéﬁ” nu’fﬂel: a.%(é'{noé Ig)ro Ségg d
contacts with superior and improved barrier integrity, which
permits silicon device exposure to extended thermal process
times and/or higher temperature processes without metal
pPenetration into the silicon contact junction regions. The

critical element is the addition of a conformal CVD tungsten

layer in the multilayer barrier structure.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



t enperature between about 400 to [err]. 20. The nethod of claim 18, wherein
said cold sputtered aluminumlayer is deposited to a thickness between
about 1,500 to 3,500 Angstrons. - 15 - 21. The nethod of claim 19,
Wherein said hot sputtered alum num | ayer is deposited to a thickness

bet ween about 2,500 to 7,500 Angstrons.
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