2 8 F F B 2085 LOW PRE- HEAT PRESSURE CVD Ti N PROCESS BACKGROUND OF THE

“_INVENTION (1) Field of the Invention The invention generally ed aE@sy0tio the

-manufacturing of integrated circuits, and nore particularly to a method.of
inproving the reliability of titaniumnitride (TAN) vias using chem cal
vapor deposition (CVD) in the integrated circuit manufacturing process. (2)
Description of Prior Art The termvia is used to describe interconnection
between two netal interconnection layers in a sem conductor. In a typical
application for an integrated circuit manufacturing process, a via opening
is etched through a dielectric layer to an underlying conductor or

conductive area to whi chognpRESEEAT PRESSURBCYD BINIRROEESRde.  Ti tani um
nitride (TyN) is typically used in CV/Dto line the walls of the via opening
since it will not react with underlying doped silicon structures during
subsequent high tenperature processing. The via opening is subsequently

filled with a metal such asy;, fﬁ@g@ﬁg@ WH{EAE]M NN via is a single,
i sol ated via positioned ove}BAaC arge meé)al pad. Refer nowto Fig. 1 show ng
a typical nechanismfor perform ng chem cal vapor deposition (CVvD). For the
CVD Ti N process, the wafer 100 is noved into the deposition | 2 8 FEb }.

(1)  Field of the Invention

The invention generally relates to the manufacturing of integrated circuits, and
more particularly to a method of improving the reliability of titanium nitride (TIN) vias

using chemical vapor deposition (CVD) in the integrated circuit manufacturing process.
(2) Description of Prior Art

The term via is used to describe interconnection between two metal

interconnection layers in a semiconductor. In a typical application for an integrated
circuit manufacturing process, a via opening is etched through a dielectric layer to an
underlying conductor or conductive area to which an electrical contact isto be @de.
Titanium nitridé (TiN) is typically used in CVD to line the walls of the via opening since
it will not react with underlying doped sﬁicon structures during subsequent high
temperature processing. The via opening is subsequently filled with a metal suchas =
Tungsten (W). A “Kelvin” via is a single, isolated via positioned over a large metal pad. _

Refer now to Fig. 1 showing a typical mechanism for performing chemicalllvapcjr

deposition (CVD). For the CVD TiN process, the wafer 100 is moved into the deposition



3 chanber 102 and preheated to renove any thermal history. The mgfenﬁhgqger
- 104 :is set to approximately 450C, but the actual wafer 100'tenpeﬁéiﬂ?é%3
~only reaches about 380C. To prevent any heat |oss to the showerhead 106
during the heating stage, the wafer 100 and heater 104 are | owered away
fromthe showerhead 106 using the positioning mechanism 114. Meanwhil e,
the chanber 102 is depressurized to 5 Torr using the punp 108 and pressure
control valve 112 while the chanber 102 is purged with argon and - nitrogen
t hrough the gas inlet 110. Gas flows are adjusted to optim ze heat transfer
and tenperature uniformty of the wafer 100. Since the wafer 100 is only
resting on chhwberH82ned prebepted:thserpers any shermal Higarye dhe PABRIGaECTIAS 588ERani sm
for nost of the thermal conduction. However, with the pressure set to 5
Torr, the vepbexind€y #80f0ebatthr atuad wefes hObtesipemte prlikeaghes308€ 3§0¥G.ng t hi s
preheating step before settling at approximately 3 80C. The deposition
process i s Thprvadap kaelsas thssHoyeiliead 106during thr lieatitpestaget the waddrd@er head
106 is positioned, the gas flow and pressure are set, and the deposition is

performed. Rafteskd (8B HOWwWeedRivy fdnsihevhdigerheadi1a6 asing deipoRfidniand a
conpleted Kelvin via 216. A substrate 200 is provided which may contain

active sem gonghichQiq ISKAGAIc( O ThariRP D) isWfassRBdd aBSTS Qg thépagiyCt | ng
nmetal lines 202 may be patterned on the substrate 200. A dielectric |ayer

204 such | P | J \ te 200.
Suc aslo%za% pg%gﬁt@h&ﬁfd? %ﬂgéd)YFin x{v%uhktetﬁlg%d&{be{ (1) g%%@d and ardg%ﬁlaﬁ& rate

Vi a openi ngs e et.c Ielectric l"ayer 204 exposing the
nitrogen through the gas inlet 110. Gas flows are adjusted to optimize heat transfer and

temperature uniformity of the wafer 100. Since the wafer 100 is only resting on the
heater 104, rthe gas cushion between them is the mechanism for most of the thermal
conduction. However, with the pressure set to 5 Torr, the wafer 100 temperature
overshoots to a peak of 395°C during this preheating step before settling at approximately
380°C. The deposition process is then completed as is typical in the art where the
showerhead 106 is positioned, the gas flow and pressure are set, and the deposition is

performed.

Referring now to Fig. 2 showing a via contact 214 and a completed Kelvin ;/ia
216. A substrate 200 is provided which may contain active semiconductor devices (not
shown) such as transistors. Conducting metal lines 202 may be patterned on the substrate
200. A dielectric layer 204 such as SiO; is patterned over the metal lines 202 and
substrate 200. Via openings 210 are the etched into the dielectric layer 204 exposing the
semiconductor devices (not shown) and metal lines 202. Typically a glue layer of

titanium (not shown) is patterned to line the via opening 210, followed by a barrier metal



sem conduct or devices (not shown) and netal |ines 202. Typically a gl

| ayer of titanium (not shown)

ue

is patterned to line the via opening 210,.

“followed by a barrier nmetal 2 2 8 FE b 2035 206, typically tit&rfi bRedride

(TiN). The

such as Tungsten (W. Using this prior art recipe, Kelvin via resistances
above 100 Q via are observed. Acceptable Kelvin vial have a resistance of
typically less than 20 Qvia. Using a scanning electron m croscope (SEM,

Cross secti

i |1 ust r at ec0pntypicgjly3itaniums pitEde( TRY)- oL he 132 eRSARE

via opening 210 is then filled with a conducting materi al

208

a

on of the via shows that the underlying nmetal protrudes into the
via opening on Kelvin vias, with_high resistan This_prohlemis
A ihen 6

is; then

At ng metal 1ine

202 and significantly reduces the via contact area. This results in higher
resi st ance dondudtieg Katepiak208\sueh {Bwgsien OF)-en internmittent circuit operati on.
It is believed that the overshoot in wafer tenperature during the
process during TIN CVD is the cause of the stress voids 212,

pr eheati ng

forcing the conducting netal

Ot her appr oachesUsaig wipiiot art astifecKviprviziesistancas swok 4 0@ &/ vik e obsaridng
contacts and vias. U S. Patent 5,789,321 to Chshita teaches a met hod

CVD Ti N usi Recepiabledelam diadhdve ir@@eimcs ofypiealiiessehant DO Givial dfsingias heated to

500C and the chanber pressure is 0.15 Torr. U S. Patent 5,840,628 to

M yanoto t e&%ﬁ-‘éég éledﬂ%mﬂgrog@ge g%]%lv[?)h%%@ s&HIARE S viaWho (PEERVEY ubildiyingo- St ep

deposi tion.

. Patent 5, o Sandhu et
metal protrudes into the via opening on Kelvin vias with high resistance. This problem is

illustrated in Fig 3. A stress void 212 forms in the conducting metal line 202 and
significantly reduces the via contact area. This results in higher resistance in the Kelvin
via 216 and often intermittent circuit operation. It is believed that the overshoot in wafer
temperature during the preheating process during TiN CVD is the cause of the stress

voids 212, forcing the conducting metal line 202 to protrude into the via opening 210.

Other approaches attempt to address problems associated with forming contacts
and vias. U.S. Patent 5,789,321 to Ohshita teaches a method of CVD TiN using TiCly
and a nitrogen source where the silicon is heated to 500°C and the chamber pressﬁe is
0.15 Torr. U.S. Patent 5,840,628 to Miyamoto teaches a method using a plasma
enhanced CVD (PECVD) TiN two-step deposition. U.S. Patent 5,246,881 to Sandhu et
al teaches a via process where the substrate is heated to 200-600°C (400°C optimum) and
the chamber pressure is reduced to 0.1 to 100 Torr (preferably 0.5 Torr). U.S. Patent
5,561,106 to Foster et al teaches a method using ammonia in the TIN CVD process.
Here, the substrate is heated to between about 400°C to 500°C and the chamber p.ressure

is between 0.5 and 20 Torr.

of

line 202 to protrude into the via opening 210.



al teaches a via process where the substrate is heated to 200-600C (400C
~opti-mum) and the chamber pressure is reduced to 0.1 to 100 Toff =¢g 7:05
(preferably 0.5 Torr). U S. Patent 5,561,106 to Foster et at teaches a

met hod using anmonia in the TAN CVD process. Here, the substrate is heated
to between about 400C to 500C and the chanber pressure is between 0.5 and
20 Torr. 3 SUWMMARY OF THE | NVENTI ON A princi pal object of the present
invention is to provide a nmethod of fabricating a reliable contact in the
manuf acture of an integrated circuit device. Another object of the present

invention is to prevent the intermttent high Kelvin via resistance in a
contact. Another object of ﬁﬁﬂﬂbﬂﬁ§%ﬁH7THE@%VE%HIQ§'the prevention of the
waf er tenperature overshoot during the CVD warm up step. Another object of
the present invention is the prevention of intermttent high Kelvin vias
by preventing the wafer tenperature overshoot prior to barrier netal
deposi tion. Yet sanaichar oy etthe pfesthémpniiseinto prvidaninethddeffieicgingwent i on
of intermttent high Kelvin vias by preventing the wafer tenperature

over shoot QWS HiaRGn HRemAREIRLE of A RGeSt dkidhit Agviskar m up prior to barrier
netal deposition. Yet another object of the present invention is the
prevention of intermttent high

Another object of the present invention is to prevent the intermittent high Keivin

via resistance in a contact.

Another object of the present invention is the prevention of the wafer temperature

overshoot during the CVD warm-up step.

Another object of the present invention is the prevention of intermittent high
Kelvin vias by preventing the wafer temperature overshoot prior to barrier metal

deposition.

Yet another object of the present invention is the prevention of intermittent high
Kelvin vias by preventing the wafer temperature overshoot by lowering the chamber

pressure during warm-up prior to barrier metal deposition.

Yet another object of the present invention is the prevention of intermittent high
Kelvin vias by performing a plasma annealing step after deposition of the metal filling

the via.



“Kelvin vias.by perform ng a plasma annealing step after deposition of the
~metal filling the via. 4 28FEB2005 Accordingly, a new nethod f»é FEB 2005
preventing intermttent high Kelvin vias by preventing-the wafer

t enperature overshoot by |owering the chanber pressure during warmup
prior to barrier nmetal deposition is achieved. The present invention uses a
chanber pressure of between 2 and 3 Torr during warmup of the wafer prior
to barrier netal deposition rather than 5 Torr, which is conventionally
used. By reducing the pressure, the thermal conductivity between the wafer
heater and the wafer is reduced, and the overshoot in the wafer
tenperature is AFFATANERE nephingthpd Tdeeventing neppidien igh Kelyia vigy by

approxi mately 10 angstrons over a 15 second deposition. This is_ conpensated
for by an praventagdbe wafedeposiaturoavarsheet biHowsrieg the shashes prepivec dwmet i on i s
carried out in the reaction- limted regine, the step coverage wl|

i ncrease asvarthempwabeto teengyencidl depositonrieahesdl. The wesentsnfaptibowisdaby an N2/ H2
pl asma anneal ing perfornmed with a wafer tenperature between about 350C and
420C. The phatlesprdssuré bebetweanl @idadTdy daaposartn-uigofahdwpiat péorno bgriehe

second netal |ayer. BRI EF DESCRI PTION OF THE DRAWNGS | n the acconpanyi ng
drawi ngs f qhdididepcitRahédharPRTbrrOfvhitisTofmbonaly ussd, ByhediRigghshown:

pressure, the thermal conductivity between the wafer heater and the wafer is reduced, and
the overshoot in the wafer temperature is minimized. This reduces the deposition fate by
approximately 10 angstroms over a 15 second deposition. This is compensated for by an
increase in deposition time. However, because the reaction is carried out in the reaction-
lirnited regime, the step coverage will increase as the wafer temperature is reduced. This
is followed by an N»/H; plasma annealing performed with a wafer temperature between

about 350°C and 420°C. The process is then completed by.depositing and patterning the

second metal Jayer.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

shown:

Figs. 1 illustrates in cross-section a schematic representation of the CVD

apparatus.



Figs. 1 illustrates in cross-section a schematic representation of the CVD
. apparatus. 0 - 5 Fig. 2 shows in cross-section a conpleted via%gqﬂggeﬁaand.
Kelvin via structure where a good contact is made with the strtictuie below.
Fig. 3 shows in cross-section a conpleted via contact and a conpl eted
Kelvin via structure where the netal has been displaced fromthe | ower
point of contact, illustrating the problemthat is being solved by the
present invention. Fig. 4 shows a graphical conparison of sanple data of
via resi stances where the pre-heat pressure is 2 Torr and 5 Torr. Fig. 5
shows the variation in wafer tenperature over tinme at pressures froml to 5
Torr. DESCRI PTI 8 DFhoWsin 8ickFERRED: &Gt dMablToiRedtand Egbimvia etrkétge 1 show ng
a typical nechanismfor perform ng chem cal vapor deposition (CVD). For

the CVD Tl Nnp=QGRSS coifitadt REmdeesigNihe siiv@ittibeldw. t he wafer 100 is noved into
t he deposition chanber 102 and preheated to renove any thermal history as

is conventional in the art. The wafer heater 104 is set to approxinmately
450C. To prevent heat loss to the showerhead 106 during this step, the

waf er 100 and hﬁ%t?Emﬁgﬁﬁ?ﬁﬁﬁégwgﬁ?g%?éﬁ%%gﬁgghgagmaQQ%E@E%QQQQQQVMSing t he

posi ti oni ng nmechani sm etween this invention and the

current pr %Prﬁc!t&r% whetethe mie{h Bﬁ%egxpwgc%d RLEPERY idwer point of contact, illustrating

the problem that is being solved by the present invention.

Fig. 4 shows a graphical comparison of sample data of via resistances where the

pre-heat pfessure is 2 Torr and 5 Torr.

Fig. 5 shows the variation in wafer temperature over time at pressures from 1 to 5

Torr.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Refer again to Fig. 1 showing a typical mechanism for performing chemical vapor
deposition (CVD). For the CVD TiN process of the present invention, the wafer 100 is
moved into the deposition chamber 102 and preheated to remove any thermal history as is
conventional in the art. The wafer heater 104 is set to approximately 450°C. To prevent
heat loss to the showerhead 106 during this step, the wafer 100 and heater 104 are
lowered away from the showerhead 106 using the positioning mechanism 114. The

difference between this invention and the current practice occurs in the chamber pressure



6 v 2 S FE B 2005 during the heating step. In the present in

chanber 102 is depressurized to be?meenpabout 2-agd 3‘Torf'z62t|?n1 th?
conventional 5 Torr) using 'the punp 108 and pressure control vgﬁJ§§i£@5
whil-e the chanber 102 is purged w th argon and nitrogen t hrough the gaé
inlet 110. Gas flows are adjusted to optimize heat transfer and.
tenperature uniformty of the wafer 100. The gas cushi on between the wafer
100 and heater 104 is the mechanismfor nost of the thermal conduction
Wth the pressure set to between about 2 to 3 Torr, the wafer 100 -

570C o sodeieFRof Lol PERBI PR STRRET S SPSIEPE Ly
of 57 ess. Setabthg ehade g outafe ARG O FNaRR o 1
Compenat conpet i oLt N HE S B G

The remai ndbrough thetges i@k‘ééb%ggﬁ%ﬂmﬁﬁﬁgﬂg\‘?@?ﬂﬁ%ﬁ?gﬁ%@ég?ﬁfgc ol ovs.

conventional in the art. Referring now again to Fig. 2, a Cross secti
a via cont aetnp@ithremdfosmikedfithawaler 002 1Bbeagas cgqbémbegwépéhw erpf® g i on of

el oct1ic eyt 0RR A e heim dirotuenEire OB rAobictan NdeFy RGeS0 |
between about 2 to 3 Torr, the wafer 100 temperafure rises gradually to a settling
temperature of approximately 370°C to 380°C without any overshoot in temperature. The
lower warm-up temperature eliminates the temperature overshoot, preventing the
formation of stress void in the underlying metal, and results in a more reliable via
contact. A drop in deposition rate due to the lower temperature is compensated for by
increasing the deposition time. An N,/H, plasma annealing with the wafer temperature

between about 350°C to 420°C follows. The remainder of the process is unchanged, and

continues as is conventional in the art.

Referring now again to Fig. 2, a cross section of a via contact 214 and a Kélvin
via 216 are shown where the process successfully forms an electrical passageway- from
- above the surface of the dielectric layer 204 to the substrate 200 and to an underlying
meta! line 202, respectively. To create this structure, a substrate 200 is provided. The
substrate 200 may contain active semiconductor devices such as transistors (not shown).
Metal lines 202 may be patterned over the substrate 200. A dielectric layer 204 is
deposited overlying the substrate 200 and metal lines 202. Via openings 210 are etched

into the dielectric layer 204 to reach the substrate 200 or the metal lines 202. A glue



nmetal |line 202, respectively. To create this structure, a substrate 200 is
.provi ded. The substrate 200 nay contain active sem conduct or? 8&&BcHB such

as transistors (not shown). Metal |ines 202 may be patterned. over the
substrate 200. A dielectric layer 204 is deposited overlying the substrate
200 and netal lines 202. Via openings 210 are etched into the dielectric

| ayer 204 to reach the substrate 200 or the netal lines 202. Aglue 7 4 2 8
i+ E S 2005 | ayer (not shown) such as titanium (Ti) is then deposited in
the via opening 210. This is followed by a deposition of a barrier |ayer
206, such PO [dhlak REnfuli M) & el depdiitekBaBSviebphigig®E®n kayt 25 and
200 angstrg%g%t[ﬁlﬁlgl{soﬂg%er ormeud él:i)sl)l lng thglgch procesls3 described in the
previ ous p%ﬁoq‘rf%gbg& % %‘sittiomeof%rb%ﬂfe?tldy@%()%&a ﬁag\Q%ggn{Ihﬁzing(r@m;%a pressure is

bet ween ab orr, Keeping the er tenperature under about
380C. The vja opening 210.i he ille L th -a- conducti gt @/p208 such
as tungsteﬁt“ws?éqegﬁeegm-%ta@gz@ %I(I,gggg&'T |slsﬁ)\%o-stepdggl§ocess i s what

differentiates the present invention fro he pri.or art .inv i of
Sandhu et arocessdescripsgiin Hie PEEVIOHS Paxsgyap Pi“dtrﬁ]*f’-"o%f@g?a‘l"%% StEhS W‘Z‘%ﬁ %.@tch’%?%ﬁt |

5,610, 106). The deposition is performed ,withé{?ge waf er, tenperature between
about 300C pressasaebetpperaboubt gude T o reeniBs EepeT38upSTA e B8Rk uct i on i s
t he dom nant nmechanism for heat transfer to the substrate during this step.

This is fol389%8d Thy viarpeting-210is shemdilledhwith p corglugiingmetR2Ufspeh as B E at ur e

bet ween about : _ _ _
(W) using a two-step process. This two-step process 1s what differentiates the present

invention from the prior art inventions of Sandhu et al. (U.S. Patent 5,246,881) and
Foster et al. (U.S. Patent 5,610,106). The .deposition is performed with the wafer
temperature between about 300°C to 390°C (preferably between 365°C and 380°C). Heat
conduction is the dominant mechanism for heat transfer to the substrate during this step.
This is followed by an No/H; plasma annealing with the wafer temperature between about
350°C to 420°C. Convection dominates the heat transfer to the substrate during the
plasma annealing. Both wafer temperature and chamber pressure are tunﬁble allowing

enhancement of step coverage.

Fig. 4 shows graphically data taken from a 0.25 micron test chip with a split lot
illustrating the effect of pressure difference m via resistance. The data 400 using a
pressure of 2 Torr and a 15 second warm-up had Kelvin via resistances of less than 3
ohms. The data 402 used the conventional warm-up pressure of 5 Torr and a 15 seconds
warm up and exhibited Kelvin via resistance of greater than 20 ohms. This clearly
demonstrates the importance of the present invention’s use of lower warm-up pressure in

manufacturing reliable low resistance vias.



3 50C to 420C. Convection dom nates the heat transfer to the substrate

.duri.ng the  plasma anneal ing. Both wafer tenperature and chanmber pressure

~are tunable allowi ng enhancenent of step coverage. Fig. 4 shovwd i FEB 2505
graphically data taken froma 0.25 mcron test chip with a split |ot
illustrating the effect of pressure difference in via resistance. The data
400 using a pressure of 2 Torr and a 15 second warmup had Kelvin via
resi stances of |less than 3 ohns. The data 402 used the conventi onal
warmup pressure of 5 Torr and a 15 seconds warm up and exhi bited Kelvin
via resistance of greater than 20 ohns. This clearly denonstrates the
i nportance of the present invention's use of |ower warmup pressure in

manuf acturing r %H 3R} Gwd B n@:%i*a%ﬁ:@%@uﬂé RSponst &l Wafet atRdiffered pedsomss. t he
tenperature vs. me respons the wafer at different pressures. It is

i nportant to. note t W Bah&iddBani sddedt 490°@. const ant
450C. Loo fﬁgij atn?g O\A@{h%{ F@'F&%{etrté r?ag?r&re data bet ween 20 and 50

et T il T i oI Ot
bt o1t anpeanerRRst AR NG 44 ° 487 G vt SBBRRL AR RIES Tos o1 2 Ton
206 and 1 T;;)E);oac?rggelyt338°%ea1'xld539gpc ;egpectlve?t ! Eﬂ&% a%\r/e%sr;usrg 133 {% T%rr% OEl,ht%ere is very

little temperature overshoot with the wafer temperatures peaking at abproximately 380°C.

At a pressures of 2 Torr 506 and 1 Torr 508, there is no temperature overshoot and the

wafer temperature eventually reaches approximately 370°C.  Since this is the only

change in the process, other than compensating for the reduction in deposition rate and

the plasma annealing, it points to the temperature overshoot as the cause of the high

Kelvin via resistance.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of the invention.

What is claimed is:
¥



waf er tenperature eventually reaches approximately 370C. Since this is the
only change in the process, other than conpensating for the reduction in
deposition rate and the plasma annealing, it points to the tenperatdqr e
overshoot as the cause of the high Kelvin via resistance. Wil et e

i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it wll be understood by those skilled in
the art that various changes in formand details nay be made w t hout
departing fromthe spirit and scope of the invention. What is clained is:
9 1. Anethod of via formation in the manufacturing of an integrated
circuit device conprising: providing sem conductor device structures in
and on the substrate of a sem conductor wafer; depositing a dielectric

layer OVET hyhflo® Bt fha SGHHBA M HeIhall BY G EnS bf HChWoEed LGN Gi@ Via openi ng
t hr ough saﬁﬁhﬂgg?ectﬁﬁﬁg%hyer to contact one %} sgfg sem conduct or  devi ce
struct ur@saprisegdi ng said wafer into a deposition chanber and warmng said
wafer to between 370C and 380C at a pressure between 2 and 3 Torr;
t her eaf t erprevning sealitonddeipo devirmgiructuras ini and drafjne subsittatd of assivdconidactopeni ng
wher ei n t@g
wafer;
depositing a dielectric layer overlying said semiconductor device structures;
etching a via opening through said dielectric layer to contact one of said semiconductor
device structures;
loading said wafer intp a deposition chamber and warming said wafer to between
370°C and 380°C at a pressure between 2 and 3 Torr;
thereafter conformally depositing a barrier layer within said via opening wherein the
temperature of said wafer remains at or below 380°C;
depositing a first metal layer overlying said barrier layer and filling said via opening;
annealing said first metal layer; and

etching said first metal layer to leave a metal plug within said via opening thereby

completing said via formation in the fabrication of said integrated circuit device.

2. The method according to claim 1 wherein said semiconductor device structures
include gate electrodes, source and drain regions and metal interconnection lines and
wherein one of said semiconductor device structures to be contacted is a source or drain

region.

3. The method according to claim 1 wherein said semiconductor device structures
include gate electrodes, source and drain regions and metal interconnection lines and
wherein one of said semiconductor device structures to be contacted is one of said metal

mterconnection lines.
10



tenperature of said wafer remains at or bel ow 380C, depositing a first
netal |ayer overlying said barrier layer and filling said via opening;
annealing said first netal layer; and etching said first neta%nIQ%ggw

| eave a netal plug within said via opening thereby conpleti RPN
formation in the fabrication of said integrated circuit device. 2. The

nmet hod according to claim 1l wherein said sem conductor device structures

i ncl ude gate el ectrodes, source and drain regions and netal interconnection
| i nes and wherein one of said sem conductor device structures to be
contacted is-a source or drain region. 3. The nethod according to claim1
wherei n said sem conduct or device structures include gate el ectrodes,
source and drain regions and netal interconnection |lines and wherein one

of said sepjcon t [ [.eS..: ntact.ed. i.s_.on f id
metal it peBRE Rt 1§ Bl § VGl iR bR B G BRE Bla iR
accor di ngint®knedsd Briweth 8h&LtD5 388 doPaddst@msl ayer is titaniumnitride and has
a thickness of between about 25 and 0 angstroms. 5. The method accordi ng
to clain14 wherein said titaniumnitride barrier layer is deposited by
chem cal or deposition (CVD). 6. The nethod according to claim1l wherein
said fi r%»[ ﬁ%{ngy oﬁﬁg}rd}ng tp Glﬁgg géyherem sald titanium nitride barrier layer is

deposited by chemical vapor deposition (CVD).

6. The method according to claim 1 wherein said first metal layer is tungsten.

7. The method according to claim 1 wherein said annealing of said first metal layer is
performed in a N2/H: ambient wherein said wafer is warmed to between about 350°C and
420°C.

8. The method according to claim 1 wherein said dielectric layer is a silicon oxide.

9. The method according to claim 1 wherein said dielectric layer is silicon nitride.

11



7. The nmethod according to claim1l wherein said annealing of said first
netal layer is perfornmed in a N2/H2 anbi ent wherein said wafer is warned
to between about 350C and 420C. 3. The method according to claim1 wherein
said dielectric layer is a silicon oxide. 9. The nethod accgggpggzmﬁ claim
1 wherein said dielectric layer is silicon nitride. 11 2 8 F 2005 10. A
nmet hod of via formation in the manufacturing of an integrated circuit
device conprising: providing sem conductor device structures in and on the
substrate of a sem conductor wafer; depositing a dielectric |ayer
overlying said sem conductor device structures; etching a via opening
through said dielectric layer to contact one of said sem conductor device
structures; |oading said wafer into a deposition chanber and warmn ng said

waf er t . . b 2 and, 3.Jorr:
ther eaf o RaSafEd ofyid seafior iy e BharfheBl AR SRR S TS e ng

wher ei n dofgpristrgfper at ure of said wafer remains at or bel ow 380C, depositing
a tungsten |l ayer overlying said barrier layer and filling said via opening;

anneal i ng yabddingsgmicondiidyedevi@mstructures in and on the substrate of a semiconductor

wafer;

depositing a dielectric layer overlying said semiconductor device structures;

etching a via opening through said dielectric layer to contact one of said
semiconductor device structures;

loading said wafer into a deposition chamber and warming said wafer to between
370°C and 380°C at a pressure between 2 and 3 Torr;

thereafter conformally depositing a barrier layer within said via opening wherein the
temperature of said wafer remains at or below 380°C;

depositing .a tungsten layer overlying said barrier layer and filling said via opening;

annealing said tungsten layer; and

etching said tungsten layer to leave a tungsten plug within said via opening thereby

completing said via formation in the fabrication of said integrated circuit device.

11. The method according to claim 10 wherein said semiconductor device structures
include gate electrodes, source and drain regions and metal interconnection lines and
wherein one of said semiconductor device structures to be contacted is a source or drain

region.
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etching said tungsten layer to | eave a tungsten plug within said via
openi ng thereby conpleting said via formation in the fabricaZiSonE®fes§ai d
integrated circuit device. 11. The method according to claim 10 wherein
sai d sem conductor device structures include gate el ectrodes, source and
drain regions and netal interconnection lines and wherein one of said
sem conductor device structures to be contacted is a source or drain
region. 12 28FEB2 12. The nethod according to claim 10 wherein said

sem conductor device structures include gate el ectrodes, source and drain
regions and netal interconnection |lines and wherein one of said

sem conductor device structures to be contacted is one of said netal

i nterconnection lines. 13. The nethod according to claim 10 wherein said

bar ri er 3yl g b banimaiirl de e 2.l DlckBeRs o bet ween ahout 25 and

200 angstionms. according to arm erein sard titani um

nitride jRandéd gite bRY®EddsSsoud@RAAI dre8 BYioRHAH Ftal ¥ABLSNIRRGSTiAdsARA( CVD) . 15.
The net hod according to Caim 10 wherein said annealing of said tungsten

| ayer i swheyeinfome weshid peraichizd idhoraddyice Bstruvieersad he santdcted fsemeio said e t o
bet ween about 350C and 420C. 16. The nethod according to claim 10 wherein
sai d di énseornectioni@es.i s a silicon oxi de.

13. The method according to claim 10 wherein said barrier layer is titanium nitride has a

thickness of between about 25 and 200 angstroms.

14. The method according to claim 13 wherein said titanium nitride barrier layer is

deposited by chemical vapor deposition (CVD).

15. The method according to Claim 10 wherein said annealing of said tungsten layer is
performed in a N2/Hz ambient wherein said wafer is warmed to between about 350°C and

420°C.
16. The method according to claim 10 wherein said dielectric layer is a silicon oxide.
17. The method according to claim 10 wherein said dielectric layer is silicon nitride.

18. A method of via formation in the manufacturing of an integrated circuit device
comprising:

providing semiconductor device structures in and on the substrate of a semiconductor
wafer;

depositing a dielectric layer overlying said semiconductor device structures;
13



17. The method according to claim 10 wherein said dielectric layer is
silicon nitride. 18. A nethod of via formation in the manufacturing of an
integrated circuit device conprising: providing sem conductor device
structures in and on the substrate of a sem conductor wafer; depositing a
dielectric layer overlying said seniconductor device structdr®§EB13™ 8 FEB
etching a via opening through said dielectric |layer to contact one of said
sem conduct or device structures; |loading said wafer into a deposition
chanber and warm ng said wafer to between 370C and 380C at a pressure
between 2 and 3 Torr; thereafter confornmally depositing a barrier |ayer by
chem cal vapor deposition within said via opening wherein the tenperature
of said wafer remains at or bel ow 380C, depositing a first netal |ayer
overlying i - rrier.| t and.fillin i.d vi ping:, annealing said
first met a%gqug‘ l(‘a;)i(rfz}’1 . g‘%& mégta%\ﬁ?u Sglaﬂ{ %‘ei‘eftf%tl%%égoa Orﬁ%%{%gge ?%%fdeave a metal plug
Wt hin sahfeondactopasyindstidaiedy conpleting said via formation in the
fabrication of said integrated circuit device. 19. The nmethod according to
cl ai m 18 Jbzlisg saig avafersetvi acdapdsitivo chalvbéreadstaruchg sadd wafarad betavegat e

el ectrodes, source and drain regions and netal interconnection |lines and

370°C and 380°C at a pressure between 2 and 3 Torr;
thereafter conformally depositing a barrier layer by chemical vapor deposition within
said via opening wherein the temperature of said wafer remains at or below 380°C;
depositing a first metal layer overlying said barrier layer and filling said via opening;
annealing said first metal layer; and

etching said first metal layer to leave a metal plug within said via opening thereby

completing said via formation in the fabrication of said integrated circuit device.

19. The method according to claim 18 wherein said semiconductor device structures
include gate electrodes, source and drain regions and metal interconnection lines and
wherein one of said semiconductor device structures o be contacted is a source and drain

region.
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wherein one of said sem conductor device structures to be contacted is a
source and drain region. 14 20. The nethod according to claim 18 wherein
sai d sem conductor device structures include gate el ectrodes, source and
drain regions and netal interconnection |lines and wherein one of said
sem conduct or device structures to be contacted is one of said .netal.

i nterconnection lines. 21. The method according to claim18 wherei n*said
barrier layer has a thickness of between about 25 and 200 angstrons. 22.
The met hod according to claim 18 wherein said first netal l|layer is
tungsten. 23. The nmethod according to claim18 wherein said annealing of
said first netal layer is perforned in a N2/H2 anbi ent wherein said wafer
is warmed to between about 350C and 420C. 24. The nethod according to

claim 18, < %E@xoﬁ%ic%)lrﬁgl‘é%glapgiﬁ;?n'wf'g?ﬁéai&Eerﬁ{c&%;j&‘cg@ eRrict%@trugllluyg num al I oy.

25. The ne accordi ng®to ¢ erein sal ielectric layer is a

si |'i con iaxi:degatd Blecttb@esRIuRQRGENAEH A Sions Ehdtalint& cuhiecebhlisaifddi el ectric
| ayer is silicon nitride. 15

wherein one of said semiconductor device structures to be contacted is one of said metal

interconnection lines.

21. The method according to claim 18 wherein said barrier layer has a thickness of

between about 25 and 200 angstroms.

22. The method according to claim 18 wherein said first metal layer is tungsten.

23. The method according to claim 18 wherein said annealing of said first metal layer is
performed in a N2/Hz ambient wherein said wafer is warmed to between about 350°C and

420°C.

24, The method according to claim 18 wherein said second metal layer is aluminum or an

aluminum alloy.
25. The method according to claim 18 wherein said dielectric layer is a silicon oxide.

26. The method according to claim 18 wherein said dielectric layer is silicon nitride.
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