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(57) ABSTRACT 

Arnethod for forming a tungsten layer on a substrate surface 
is provided. In one aspect, the method includes positioning 
the substrate surface in a processing chamber and exposing 
the substrate surface to a boride. A nucleation layer is then 
deposited on the substrate surface in the same processing 
chamber by alternately pulsing a tungsten-containing com 
pound and a reducing gas selected from a group consisting 
of silane (SiH4), disilane (SiZHG), dichlorosilane (SiClZHZ), 
derivatives thereof, and combinations thereof. A tungsten 
bulk ?ll may then be deposited on the nucleation layer using 
cyclical deposition, chemical vapor deposition, or physical 
vapor deposition techniques. 
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METHOD FOR DEPOSITING REFRACTORY 
METAL LAYERS EMPLOYING SEQUENTIAL 

DEPOSITION TECHNIQUES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/268,195, entitled, “Method for 
Depositing Refractory Metal Layers Employing Sequential 
Deposition Techniques,” ?led on Oct. 10, 2002, that claims 
priority to US. Provisional Patent Application Ser. No. 
60/328,451, entitled “Method and Apparatus for Depositing 
Refractory Metal Layers Employing Sequential Deposition 
Techniques,” ?led on Oct. 10, 2001, Which are both incor 
porated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] Embodiments of the invention relate to the pro 
cessing of semiconductor substrates. More particularly, 
embodiments of the invention relate to deposition of refrac 
tory metal layers on semiconductor substrates. 

[0004] 2. Description of the Related Art 

[0005] The semiconductor processing industry continues 
to strive for larger production yields While increasing the 
uniformity of layers deposited on substrates having larger 
surface areas. These same factors in combination With neW 
materials also provide higher integration of circuits per unit 
area of the substrate. As circuit integration increases, the 
need for greater uniformity and process control regarding 
layer thickness rises. As a result, various technologies have 
been developed to deposit layers on substrates in a cost 
effective manner, While maintaining control over the char 
acteristics of the layer. 

[0006] Chemical Vapor Deposition (CVD) is one of the 
most common deposition processes employed for depositing 
layers on a substrate. CVD is a ?ux-dependent deposition 
technique that requires precise control of the substrate 
temperature and the precursors introduced into the process 
ing chamber in order to produce a desired layer of uniform 
thickness. These requirements become more critical as sub 
strate siZe increases, creating a need for more compleXity in 
chamber design and gas ?oW technique to maintain adequate 
uniformity. 
[0007] A variant of CVD that demonstrates superior step 
coverage, compared to CVD, is cyclical Deposition. Cycli 

cal deposition is based upon Atomic Layer Epitaxy and employs chemisorption to deposit a saturated monolayer 

of reactive precursor molecules on a substrate surface. This 
is achieved by alternatingly pulsing an appropriate reactive 
precursor into a deposition chamber. Each injection of a 
reactive precursor is separated by an inert gas purge to 
provide a neW atomic layer additive to previously deposited 
layers to form a uniform layer on the substrate. The cycle is 
repeated to form the layer to a desired thickness. 

[0008] Formation of ?lm layers at a high deposition rate 
While providing adequate step coverage are con?icting char 
acteristics often necessitating the sacri?ce of one to obtain 
the other. This con?ict is true particularly When refractory 
metal layers are deposited to cover gaps or vias during the 
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formation of contacts interconnecting adjacent metallic lay 
ers separated by dielectric layers. Historically, CVD tech 
niques have been employed to deposit conductive material 
such as refractory metals in order to inexpensively and 
quickly form contacts. Due to the increasing integration of 
semiconductor circuitry, tungsten has been used based upon 
superior step coverage. As a result, deposition of tungsten 
employing CVD techniques enjoys Wide application in 
semiconductor processing due to the high throughput of the 
process. 

[0009] Depositing tungsten by traditional CVD methods, 
hoWever, is attendant With several disadvantages. For 
eXample, blanket deposition of a tungsten layer on a semi 
conductor Wafer is time-consuming at temperatures beloW 
400° C. The deposition rate of tungsten may be improved by 
increasing the deposition temperature to, for eXample, about 
500° C. to about 550° C. HoWever, temperatures in this 
higher range may compromise the structural and operational 
integrity of the underlying portions of the integrated circuit 
being formed. Use of tungsten has also frustrated photoli 
thography steps during the manufacturing process as it 
results in a relatively rough surface having a re?ectivity of 
20% or less than that of a silicon substrate. Further, tungsten 
has proven difficult to deposit uniformly. Poor surface 
uniformity typically increases ?lm resistivity. 

[0010] Therefore, there is a need for an improved tech 
nique to deposit conductive layers With good uniformity 
using cyclical deposition techniques. 

SUMMARY OF THE INVENTION 

[0011] Embodiments of the invention include an improved 
method for forming a tungsten layer on a substrate surface. 
In one aspect, the method includes positioning the substrate 
surface in a processing chamber, eXposing the substrate 
surface to a boride, and depositing a nucleation layer in the 
same processing chamber by alternately pulsing a tungsten 
containing compound and a reducing gas selected from a 
group consisting of silane (SiH4), disilane (SiZHG), dichlo 
rosilane (SiClZHZ), derivatives thereof, and combinations 
thereof. 

[0012] In another aspect, the method includes eXposing 
the substrate surface to a boride, depositing a nucleation 
layer in the same processing chamber by alternately pulsing 
a tungsten-containing compound and silane gas, and form 
ing a bulk tungsten deposition ?lm on the nucleation layer. 

[0013] In yet another aspect, the method includes eXpos 
ing the substrate surface to diborane, depositing a nucleation 
layer by alternately pulsing a tungsten-containing compound 
and silane gas, and forming a bulk tungsten deposition ?lm 
on the nucleation layer. The bulk tungsten deposition ?lm 
may be deposited using cyclical deposition, chemical vapor 
deposition, or physical vapor deposition techniques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] So that the manner in Which the above recited 
features of the present invention can be understood in detail, 
a more particular description of the invention, brie?y sum 
mariZed above, may be had by reference to embodiments, 
some of Which are illustrated in the appended draWings. It is 
to be noted, hoWever, that the appended draWings illustrate 
only typical embodiments of this invention and are therefore 
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not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 

[0015] FIG. 1 illustrates a process sequence for the for 
mation of a tungsten layer using a cyclical deposition 
technique according to one embodiment described herein. 

[0016] FIG. 2 depicts a schematic cross-sectional vieW of 
a process chamber useful for practicing the cyclical depo 
sition techniques described herein. 

[0017] FIG. 3 shoWs an exemplary integrated processing 
platform. 

[0018] FIG. 4 shoWs a cross sectional vieW of an exem 
plary metal oxide gate device formed according to embodi 
ments of the present invention. 

[0019] FIG. 5 shoWs a cross sectional vieW of a conven 
tional DRAM device formed according to embodiments of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Embodiments of the invention provide an 
improved process for depositing tungsten ?lms. The process 
utiliZes a cyclical deposition technique and provides tung 
sten ?lms having signi?cantly improved surface uniformity 
and signi?cantly increased production throughput. In one 
aspect, the process includes a boride soak prior to tungsten 
deposition to activate the underlying substrate surface. Pref 
erably, the underlying surface is exposed to diborane (BZHG) 
although it is believed that any boride and derivatives 
thereof achieve similar results. In general, the boride soak 
occurs in-situ for about 5 to about 30 seconds at similar 
processing conditions as a subsequent tungsten cyclical 
deposition process, thereby signi?cantly increasing produc 
tion throughput. 

[0021] A“substrate surface”, as used herein, refers to any 
substrate surface upon Which ?lm processing is performed. 
For example, a substrate surface may include silicon, silicon 
oxide, doped silicon, germanium, gallium arsenide, glass, 
sapphire, and any other materials such as metals, metal 
nitrides, metal alloys, and other conductive materials, 
depending on the application. A substrate surface may also 
include dielectric materials such as silicon dioxide and 
carbon doped silicon oxides. 

[0022] “Cyclical deposition” as used herein refers to the 
sequential introduction of tWo or more reactive compounds 
to deposit a mono layer of material on a substrate surface. 
The tWo or more reactive compounds are alternatively 
introduced into a reaction Zone of a processing chamber. 
Each reactive compound is separated by a time delay to 
alloW each compound to adhere and/or react on the substrate 
surface. In one aspect, a ?rst precursor or compound A is 
pulsed into the reaction Zone folloWed by a ?rst time delay. 
Next, a second precursor or compound B is pulsed into the 
reaction Zone folloWed by a second delay. During each time 
delay an inert gas, such as argon, is introduced into the 
processing chamber to purge the reaction Zone or otherWise 
remove any residual reactive compound from the reaction 
Zone. Alternatively, the purge gas may ?oW continuously 
throughout the deposition process so that only the purge gas 
?oWs during the time delay betWeen pulses of reactive 
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compounds. The reactive compounds are alternatively 
pulsed until a desired ?lm or ?lm thickness is formed on the 
substrate surface. 

[0023] FIG. 1 illustrates an exemplary process sequence 
100 for forming an improved tungsten ?lm according to one 
embodiment of the present invention. A substrate to be 
processed is ?rst loaded into a process chamber capable of 
performing cyclical deposition and the process conditions 
are adjusted (step 110). The substrate is then exposed to one 
or more borides or derivatives thereof, such as diborane, for 
about 5 to about 30 seconds (step 120). At step 130, a pulse 
of a tungsten-containing compound accompanied With a 
suitable carrier gas is introduced into the processing cham 
ber. A pulse of inert gas is then pulsed into the processing 
chamber (step 140) to purge or otherWise remove any 
residual tungsten-containing compound. Next, a pulse of a 
reducing compound accompanied With a suitable carrier gas 
is introduced into the processing chamber (step 150). The 
reducing gas may be the same compound as the gas used for 
the boride soak step (step 120) or alternatively, the reducing 
gas may be a different compound, depending on the product 
throughput requirements and the device applications. A 
pulse of inert gas is then introduced into the processing 
chamber (step 160) to purge or otherWise remove any 
residual reducing compound. 

[0024] Suitable carrier gases include helium (He), argon 
(Ar), nitrogen (N2), hydrogen (H2), and combinations 
thereof. Typically, the boride utiliZes argon as a carrier gas 
and the reducing compound uses hydrogen as the carrier gas. 
Useful purge gases include argon, helium, and combinations 
thereof. 

[0025] A “pulse” as used herein is intended to refer to a 
quantity of a particular compound that is intermittently or 
non-continuously introduced into a reaction Zone of a pro 
cessing chamber. The quantity of a particular compound 
Within each pulse may vary over time, depending on the 
duration of the pulse. The duration of each pulse is variable 
depending upon a number of factors such as, for example, 
the volume capacity of the process chamber employed, the 
vacuum system coupled thereto, and the volatility/reactivity 
of the particular compound itself. 

[0026] Referring to step 170, after each deposition cycle 
(steps 130 through 160), a tungsten nucleation layer having 
a particular thickness Will be deposited on the substrate 
surface. Usually, each deposition cycle forms a 7 angstrom 

to 8 A layer of material. Depending on speci?c device 
requirements, subsequent deposition cycles may be needed 
to deposit tungsten nucleation layer having a desired thick 
ness. As such, a deposition cycle (steps 130 through 160) can 
be repeated until the desired thickness for the tungsten ?lm 
is achieved. Thereafter, the process is stopped as indicated 
by step 180 When the desired thickness is achieved. 

[0027] Suitable tungsten-containing compounds include 
tungsten hexa?uoride (WFG) and tungsten carbonyl 
(W(CO)6), among others, as Well as combinations thereof. 
Suitable reducing compounds include, for example, silane 
(SiH4), disilane (Si2H6), dichlorosilane (SiCl2H2), borane 
(BH3), diborane (B2H6), triborane, tetraborane, pentabo 
rane, hexaborane, heptaborane, octaborane, nonaborane, 
decaborane, and combinations thereof. 

[0028] The cyclical deposition process of FIG. 1 typically 
occurs at a pressure betWeen about 1 Torr and about 90 Torr 
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at a temperature between about 200° C. and about 400° C. 
The boride soak step (step 120) is typically performed at 
about 1 Torr and at about 350° C. for about 10 seconds to 
about 1 minute. In one aspect, diborane is introduced With 
hydrogen, each having a How rate betWeen about 300 sccm 
and about 2,000 sccm. Preferably, the diborane and hydro 
gen gases are introduced in a 1:1 volumetric ratio. In step 
130, the tungsten-containing compound is preferably tung 
sten heXa?uoride (W136) and introduced at a rate of about 5 
sccm to about 200 sccm With betWeen about 100 sccm and 
about 1,000 sccm of argon. In step 150, the reducing 
compound is preferably diborane or silane and introduced at 
a rate betWeen about 5 sccm and about 200 sccm With 
betWeen about 100 sccm and about 1,000 sccm of hydrogen. 
The pulses of an inert gas, preferably argon, at steps 140 and 
160, are typically introduced at a rate betWeen about 100 
sccm and about 1,000 sccm. Each processing step (steps 120 
through 160) lasts about 30 seconds. 

[0029] FIG. 2 illustrates a schematic, partial cross section 
of an exemplary processing chamber 16 useful for deposit 
ing a tungsten layer according to the embodiments described 
above. Such a processing chamber 16 is available from 
Applied Materials, Inc. located in Santa Clara, Calif., and a 
brief description thereof folloWs. A more detailed descrip 
tion may be found in commonly assigned US. patent 
application Ser. No. 10/016,300, entitled “Lid Assembly For 
A Processing System To Facilitate Sequential Deposition 
Techniques,” ?led on Dec. 12, 2001, Which is incorporated 
herein by reference. 

[0030] Referring to FIG. 2, the processing chamber 16 
includes a chamber body 14, a lid assembly 20 for gas 
delivery, and a thermally controlled substrate support mem 
ber 46. The thermally controlled substrate support member 
46 includes a Wafer support pedestal 48 connected to a 
support shaft 48A. The thermally controlled substrate sup 
port member 46 may be moved vertically Within the cham 
ber body 14 so that a distance betWeen the support pedestal 
48 and the lid assembly 20 may be controlled. An eXample 
of a lifting mechanism for the support pedestal 48 is 
described in detail in US. Pat. No. 5,951,776, issued Sep. 
14, 1999, to Selyutin et al., entitled “Self-Aligning Lift 
Mechanism,” Which is hereby incorporated by reference in 
it entirety. 

[0031] The support pedestal 48 includes an embedded 
thermocouple 50A that may be used to monitor the tem 
perature thereof. For eXample, a signal from the thermo 
couple 50A may be used in a feedback loop to control the 
poWer applied by a poWer source 52 to a heater element 52A. 
The heater element 52A may be a resistive heater element or 
other thermal transfer device disposed Within or disposed in 
contact With the pedestal 48 utiliZed to control the tempera 
ture thereof. Optionally, the support pedestal 48 may be 
heated using a heat transfer ?uid (not shoWn). 

[0032] The support pedestal 48 may be formed from any 
process-compatible material, including aluminum nitride 
and aluminum oXide (Al2O3 or alumina) and may also be 
con?gured to hold a substrate 49 thereon employing a 
vacuum, i.e. support pedestal 48 may be a vacuum chuck. 
Using a vacuum chuck, the support pedestal 48 may include 
a plurality of vacuum holes (not shoWn) that are placed in 
?uid communication With a vacuum source via the support 
shaft 48A. 
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[0033] The chamber body 14 includes a liner assembly 54 
having a cylindrical portion and a planar portion. The 
cylindrical portion and the planar portion may be formed 
from any suitable material such as aluminum, ceramic and 
the like. The cylindrical portion surrounds the support 
pedestal 48. The cylindrical portion also includes an aperture 
60 that aligns With the slit valve opening 44 disposed in a 
side Wall 14B of the housing 14 to alloW entry and egress of 
substrates from the chamber 16. 

[0034] The planar portion of the liner assembly 54 extends 
transversely to the cylindrical portion and is disposed 
against a chamber bottom 14A of the chamber body 14. The 
liner assembly 54 de?nes a chamber channel 58 betWeen the 
chamber body 14 and both the cylindrical portion and planar 
portion of the liner assembly 54. Speci?cally, a ?rst portion 
of channel 58 is de?ned betWeen the chamber bottom 14A 
and planar portion of the liner assembly 54. Asecond portion 
of channel 58 is de?ned betWeen the sideWall 14B of the 
chamber body 14 and the cylindrical portion of the liner 
assembly 54. A purge gas is introduced into the channel 58 
to minimiZe unWanted deposition on the chamber Walls and 
to control the rate of heat transfer betWeen the chamber Walls 
and the liner assembly 54. 

[0035] The chamber body 14 also includes a pumping 
channel 62 disposed along the sideWalls 14B thereof. The 
pumping channel 62 includes a plurality of apertures, one of 
Which is shoWn as a ?rst aperture 62A. The pumping channel 
62 includes a second aperture 62B that is coupled to a pump 
system 18 by a conduit 66. A throttle valve 18A is coupled 
betWeen the pumping channel 62 and the pump system 18. 
The pumping channel 62, the throttle valve 18A, and the 
pump system 18 control the amount of gas ?oW from the 
processing chamber 16. The siZe, number, and position of 
the apertures 62A in communication With the chamber 16 
are con?gured to achieve uniform How of gases exiting the 
lid assembly 20 over the support pedestal 48 having a 
substrate disposed thereon. 

[0036] The lid assembly 20 includes a lid plate 20Ahaving 
a gas manifold 34 mounted thereon. The lid plate 20A 
provides a ?uid tight seal With an upper portion of the 
chamber body 14 When in a closed position. The gas 
manifold 34 includes a plurality of control valves 32 (only 
one shoWn) to provide rapid and precise gas ?oW With valve 
open and close cycles of less than about one second, and in 
one embodiment, of less than about 0.1 second. The valves 
32 are surface mounted, electronically controlled valves. 
One valve that may be utiliZed is available from Fujikin of 
Japan as part number FR-21-6.35 UGF—APD. Other valves 
that operate at substantially the same speed and precision 
may also be used. 

[0037] The lid assembly 20 further includes a plurality of 
gas sources 68A, 68B, 68C, each in ?uid communication 
With one of the valves 32 through a sequence of conduits 
(not shoWn) formed through the chamber body 14, lid 
assembly 20, and gas manifold 34. 

[0038] The processing chamber 16 further includes a 
reaction Zone 75 that is formed Within the chamber body 14 
When the lid assembly 20 is in a closed position. Generally, 
the reaction Zone 75 includes the volume Within the pro 
cessing chamber 16 that is in ?uid communication With a 
Wafer 102 disposed therein. The reaction Zone 75, therefore, 
includes the volume doWnstream of each valve 32 Within the 
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lid assembly 20, and the volume between the support 
pedestal 48 and the loWer surface of the lid plate 20. More 
particularly, the reaction Zone 75 includes the volume 
betWeen the outlet of each valve 32 and an upper surface of 
the substrate 49. 

[0039] A controller 70 regulates the operations of the 
various components of the processing chamber 16. The 
controller 70 includes a processor 72 in data communication 
With memory, such as random access memory 74 and a hard 
disk drive 76 and is in communication With at least the pump 
system 18, the poWer source 52, and the valves 32. 

[0040] Software routines are executed to initiate process 
recipes or sequences. The softWare routines, When executed, 
transform the general purpose computer into a speci?c 
process computer that controls the chamber operation so that 
a chamber process is performed. For example, softWare 
routines may be used to precisely control the activation of 
the electronic control valves for the execution of process 
sequences according to the present invention. Alternatively, 
the softWare routines may be performed in hardWare, as an 
application speci?c integrated circuit or other type of hard 
Ware implementation, or a combination of softWare or 
hardWare. 

[0041] Process Integration 

[0042] Atungsten nucleation layer as described above has 
shoWn particular utility When integrated With traditional 
bulk ?ll techniques to form features With excellent ?lm 
properties. An integration scheme can include cyclical depo 
sition nucleation With bulk ?ll chemical vapor deposition 
(CVD) or physical vapor deposition (PVD) processes. Inte 
grated processing systems capable of performing such an 
integration scheme include an Endura®, Endura SL®, Cen 
tura® and Producer® processing systems, each available 
from Applied Materials, Inc. located in Santa Clara, Calif. 
Any of these systems can be con?gured to include at least 
one cyclical deposition chamber for depositing the nucle 
ation layer and at least one CVD chamber or PVD chamber 
for bulk ?ll. 

[0043] FIG. 3 is a schematic top-vieW diagram of an 
exemplary multi-chamber processing system 300. A similar 
multi-chamber processing system is disclosed in US. Pat. 
No. 5,186,718, entitled “Stage Vacuum Wafer Processing 
System and Method,” issued on Feb. 16, 1993, Which is 
incorporated by reference herein. The system 300 generally 
includes load lock chambers 302, 304 for the transfer of 
substrates into and out from the system 300. Typically, since 
the system 300 is under vacuum, the load lock chambers 
302, 304 may “pump doWn” the substrates introduced into 
the system 300. A?rst robot 310 may transfer the substrates 
betWeen the load lock chambers 302, 304, and a ?rst set of 
one or more substrate processing chambers 312, 314, 316, 
318 (four are shoWn). Each processing chamber 312, 314, 
316, 318, can be out?tted to perform a number of substrate 
processing operations such as cyclical layer deposition, 
chemical vapor deposition (CVD), physical vapor deposi 
tion (PVD), etch, pre-clean, degas, orientation and other 
substrate processes. The ?rst robot 310 also transfers sub 
strates to/from one or more transfer chambers 322, 324. 

[0044] The transfer chambers 322, 324, are used to main 
tain ultrahigh vacuum conditions While alloWing substrates 
to be transferred Within the system 300. Asecond robot 330 
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may transfer the substrates betWeen the transfer chambers 
322, 324 and a second set of one or more processing 
chambers 332, 334, 336, 338. Similar to processing cham 
bers 312, 314, 316, 318, the processing chambers 332, 334, 
336, 338 can be out?tted to perform a variety of substrate 
processing operations, such as cyclical deposition, chemical 
vapor deposition (CVD), physical vapor deposition (PVD), 
etch, pre-clean, degas, and orientation, for example. Any of 
the substrate processing chambers 312, 314, 316, 318, 332, 
334, 336, 338 may be removed from the system 300 if not 
necessary for a particular process to be performed by the 
system 300. 

[0045] In one arrangement, each processing chamber 332 
and 338 may be a cyclical deposition chamber adapted to 
deposit a nucleation layer; each processing chamber 334 and 
336 may be a cyclical deposition chamber, a chemical vapor 
deposition chamber, or a physical vapor deposition chamber 
adapted to form a bulk ?ll deposition layer; each processing 
chamber 312 and 314 may be a physical vapor deposition 
chamber, a chemical vapor deposition chamber, or a cyclical 
deposition chamber adapted to deposit a dielectric layer; and 
each processing chamber 316 and 318 may be an etch 
chamber out?tted to etch apertures or openings for inter 
connect features. This one particular arrangement of the 
system 300 is provided to illustrate the invention and should 
not be used to limit the scope of the invention. 

[0046] Another integrated system may include nucleation 
deposition as Well as bulk ?ll deposition in a single chamber. 
A chamber con?gured to operate in both a cyclical deposi 
tion mode as Well as a conventional CVD mode can be used. 
One example of such a chamber is described in US. patent 
application Ser. No. 10/016,300, ?led on Dec. 12, 2001, 
Which is incorporated herein by reference. 

[0047] In another integration scheme, one or more cyclical 
deposition nucleation chambers are integrated onto a ?rst 
processing system While one or more bulk layer deposition 
chambers are integrated onto a second processing system. In 
this con?guration, substrates are ?rst processed in the ?rst 
system Where a nucleation layer is deposited on a substrate. 
Thereafter, the substrates are moved to the second process 
ing system Where bulk deposition occurs. 

[0048] Alternatively, a carousel type batch processing 
system having a plurality of stations in a single chamber can 
be adapted to incorporate nucleation and bulk layer depo 
sition into a single processing system. In such a processing 
system a purge gas curtain, such as an argon gas curtain, can 
be established betWeen each station creating a micro or mini 
environment at each station. The substrates are loaded into 
the system sequentially and then rotated through each station 
and processed at least partially at each station. For example, 
a substrate may be exposed to a cyclical deposition nucle 
ation step at a ?rst station and then to partial bulk ?ll CVD 
steps at each of the subsequent stations. Alternatively, nucle 
ation may occur at more than one station and bulk ?ll may 
occur at one or more stations. Still further, the nucleation 
layer and the bulk layer may be deposited in separate 
carousel type systems. Each platen can be temperature 
controlled to provide at least some process control at each 
station. HoWever, the process pressure typically remains the 
same betWeen stations because the stations are housed in a 
single chamber. Some pressure control may be available in 
a micro or mini environment present at each station due to 
the inert gas curtain. 
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[0049] Regardless of the integration scheme, the nucle 
ation layer is typically deposited to a thickness ranging from 
about 10 angstroms to about 200 angstroms and the bulk ?ll 
has a thickness betWeen about 1,000 angstroms and about 
10,000 angstroms. HoWever, the thickness of these ?lms can 
vary depending on the feature siZes and aspect ratios of a 
given application. Accordingly, the ?lms are suitably siZed 
to accommodate the geometries of a given application. The 
folloWing are some exemplary geometries and applications 
that can bene?t from a nucleation layer deposited according 
to embodiments described herein. The folloWing descrip 
tions are intended for illustrative purposes only, and are not 
intended to limit the uses of the present invention. 

[0050] Tungsten Metal Gate 
[0051] FIG. 4 shoWs a cross sectional vieW of an eXem 
plary metal oXide gate device 400 utiliZing a nucleation 
layer deposited according to embodiments described herein. 
The device 400 generally includes an eXposed gate 410 
surrounded by spacers 416 and silicon source/drain areas 
420 formed Within a substrate surface 412. The spacers 416 
typically include an oxide, such as silicon dioXide, or a 
nitride, such as silicon nitride. 

[0052] The metal gate 410 includes an oXide layer 411, a 
polysilicon layer 414, a titanium nitride barrier layer 415, 
and a tungsten layer 422. The oXide layer 411 separates the 
substrate 412 from the polysilicon layer 414. The oXide layer 
411 and the polysilicon layer 414 are deposited using 
conventional deposition techniques. 
[0053] The titanium nitride barrier layer 415 is deposited 
on the polysilicon layer 414. The titanium nitride barrier 
layer 415 may be a bi-layer stack formed by depositing a 
PVD titanium layer folloWed by a CVD titanium nitride 
layer. The titanium barrier layer 415 may also be deposited 
using a cyclical deposition technique, such as the process 
shoWn and described in co-pending US. patent application 
Ser. No. 10/032,293, ?led on Dec. 21, 2001, entitled “Cham 
ber HardWare Design for Titanium Nitride Atomic Layer 
Deposition”, Which is incorporated by reference herein. 
[0054] A nucleation layer 417 is then cyclically deposited 
over the barrier layer 415 folloWing treatment of the sub 
strate surface With the diborane soak process described 
above. In one aspect, the nucleation layer 417 is cyclically 
deposited using alternating pulses of tungsten heXa?uoride 
(W136) and diborane (BZHG). The tungsten heXa?uoride 
(W136) is pulsed at a rate of betWeen about 10 sccm and about 
400 sccm, such as betWeen about 20 sccm and about 100 
sccm, for about 30 seconds. A carrier gas, such as argon, is 
provided along With the tungsten heXa?uoride at a rate of 
about 250 sccm to about 1,000 sccm, such as betWeen about 
500 sccm to about 750 sccm. The diborane (BZHG) is pulsed 
at a rate of about 5 sccm and about 150 sccm, such as 
betWeen about 5 sccm and about 25 sccm, for about 30 
seconds. A carrier gas, such as hydrogen, is provided along 
With the diborane at a rate betWeen about 250 sccm to about 
1,000 sccm, such as betWeen about 500 sccm to about 750 
sccm. The substrate is maintained at a temperature betWeen 
about 250° C. and about 350° C. at a chamber pressure 
betWeen about 1 Torr and about 10 Torr. In betWeen pulses 
of the tungsten heXa?uoride and the diborane, argon is 
pulsed for about 30 seconds to purge or otherWise remove 
any reactive compounds from the processing chamber. 
[0055] In another aspect, the nucleation layer 417 is cycli 
cally deposited using alternating pulses of tungsten 
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heXa?uoride (W136) and silane (SiH4). The tungsten 
heXa?uoride (WFG) is pulsed as described above With argon 
for about 30 seconds. The silane (SiH4) is pulsed at a rate of 
about 10 sccm to about 500 sccm, such as betWeen about 50 
sccm to about 200 sccm, for about 30 seconds. A carrier gas, 
such as hydrogen, is provided along With the silane at a rate 
of about 250 sccm and about 1,000 sccm, such as betWeen 
about 300 sccm and about 500 sccm. Argon is pulsed at a 
rate of about 300 sccm to about 1,000 sccm, such as betWeen 
about 500 sccm to about 750 sccm, for about 30 seconds 
betWeen the pulses of the tungsten heXa?uoride (WFG) and 
the pulses of silane (SiH4). The substrate is maintained at a 
temperature betWeen about 300° C. and about 400° C. at a 
chamber pressure betWeen about 1 Torr and about 10 Torr. 

[0056] A nucleation layer formed by alternating pulses of 
tungsten heXa?uoride (WFG) and diborane Without a boride 
soak treatment has advantages over a nucleation layer 
formed by alternating pulses of tungsten heXa?uoride (WFG) 
and silane. The diborane ?lm shoWs loWer stress for the 
integrated ?lm and reduced ?uorine content at the interface 
of the nucleation layer. The amorphous nature of the dibo 
rane ?lm also permits thinner nucleation layers to be used, 
While maintaining good barrier properties. HoWever, a 
nucleation layer formed by alternating pulses of tungsten 
heXa?uoride (W136) and silane after a boride soak treatment, 
as described herein, eliminates the advantages the diborane 
deposition has over the silane deposition. Therefore, the 
nucleation layer 417 is preferably formed using alternating 
pulses of tungsten hexa?uoride (WF6) and silane following 
the diborane soak. 

[0057] A tungsten bulk ?ll 422 is then deposited on the 
tungsten nucleation layer 417. Although any metal deposi 
tion process, such as conventional chemical vapor deposi 
tion or physical vapor deposition, may be used, the tungsten 
bulk ?ll 422 may be deposited by alternately adsorbing a 
tungsten-containing compound and a reducing gas as 
described above. A more detailed description of tungsten 
deposition using a cyclical deposition technique may be 
found in commonly assigned US. patent application Ser. 
No. 10/016,300, entitled “Lid Assembly For A Processing 
System To Facilitate Sequential Deposition Techniques,” 
?led on Dec. 12, 2001; and in commonly assigned US. 
patent Ser. No. 10/082,048, entitled “Deposition Of Tung 
sten Films For Dynamic Random Access Memory (DRAM) 
Application,” ?led on Feb. 20, 2002, Which are both incor 
porated herein by reference. 

[0058] FolloWing deposition, the top portion of the result 
ing structure 400 may be planariZed. A chemical mechanical 
polishing (CMP) apparatus may be used, such as the 
MirraTM System available from Applied Materials, Santa 
Clara, Calif., for eXample. For eXample, portions of the 
tungsten bulk ?ll 422 are removed from the top of the 
structure leaving a fully planar surface. Optionally, the 
intermediate surfaces of the structure may be planariZed 
betWeen the deposition of the subsequent layers described 
above. 

[0059] Logic Device 

[0060] FIG. 5 is a cross sectional vieW of a conventional 
DRAM device having a transistor 520 positioned adjacent a 
top portion of a trench capacitor 530. The access transistor 
520 for the DRAM device 510 is positioned adjacent a top 
portion of the trench capacitor 530. Preferably, the access 
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transistor 520 comprises an n-p-n transistor having a source 
region 522, a gate region 524, and a drain region 526. The 
gate region 524 is a P— doped silicon epi-layer disposed over 
the P+ substrate. The source region 522 of the access 
transistor 520 is an N+ doped material disposed on a ?rst 
side of the gate region 524, and the drain region 526 is an 
N+ doped material disposed on a second side of the gate 
region 524, opposite the source region 522. 

[0061] The source and drain regions 522, 524 may be 
connected to a tungsten plug 560. Each tungsten plug 560 
includes a titanium liner 562, a tungsten nucleation layer 
564, and a bulk tungsten ?ll 566. The titanium liner 562 may 
be a bi-layer stack comprising PVD titanium folloWed by 
CVD titanium nitride. The tungsten nucleation layer 564 is 
formed using the cyclical deposition technique as described 
above. The tungsten bulk ?ll 566 may be deposited using 
any conventional deposition technique. 

[0062] The trench capacitor 530 generally includes a ?rst 
electrode 532, a second electrode 534 and a dielectric 
material 536 disposed therebetWeen. The P+ substrate serves 
as a ?rst electrode 532 of the trench capacitor 530 and is 
connected to a ground connection 541. A trench 538 is 
formed in the P+ substrate and ?lled With a heavily doped 
N+ polysilicon that serves as the second electrode 534 of the 
trench capacitor 530. The dielectric material 536 is disposed 
betWeen the ?rst electrode 532 (i.e., P+ substrate) and the 
second electrode 534 (i.e., N+ polysilicon). 

[0063] The trench capacitor 530 also includes a ?rst 
tungsten nitride barrier layer 540 disposed betWeen the 
dielectric material 536 and the ?rst electrode 532. Prefer 
ably, a second tungsten nitride barrier layer 542 is disposed 
betWeen the dielectric material 536 and the second electrode 
534. Alternatively, the barrier layers 540, 542 are a combi 
nation ?lm, such as W/WN. 

[0064] Although the above-described DRAM device uti 
liZes an n-p-n transistor, a P+ substrate as a ?rst electrode, 
and an N+ polysilicon as a second electrode of the capacitor, 
other transistor designs and electrode materials are contem 
plated by the present invention to form DRAM devices. 
Additionally, other devices, such as croWn capacitors for 
example, are contemplated by the present invention. 

EXAMPLE 

[0065] A titanium (Ti) layer Was deposited by PVD on a 
200 mm substrate surface to a thickness of about 20 A 
titanium nitride (TiN) layer Was deposited on the Ti layer 
using an atomic layer deposition (ALD) process to a thick 
ness of about 80 A to form a Ti/TiN barrier layer. The 
substrate surface Was then exposed to a diborane soak under 
the folloWing conditions: 

[0066] Pressure: about 1 Torr; 

[0067] Temperature: about 350° C.; 

[0068] How rates: 1500 sccm BZH6 and 1500 sccm 
H2; and 

[0069] Duration: about 10 seconds. 

[0070] Next, a tungsten nucleation layer Was formed on 
the barrier layer using the cyclical deposition techniques 
described herein. The nucleation layer had a thickness of 
about 100 Finally, a bulk tungsten layer Was deposited on 
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the nucleation layer using CVD to a thickness of about 2,500 
A. The resulting tungsten bulk ?ll ?lm exhibited a unifor 
mity variance of less than about 2 percent. 

Comparative Example 
[0071] A titanium (Ti) layer Was deposited by PVD on a 
200 mm substrate surface to a thickness of about 20 A 
titanium nitride (TiN) layer Was deposited on the Ti layer 
using an atomic layer deposition (ALD) process to a thick 
ness of about 80 A to form a Ti/TiN barrier layer. The 
substrate surface Was then exposed to a silane soak under the 
folloWing conditions: 

[0072] Pressure: about 90 Torr; 

[0073] Temperature: about 300° C. 

[0074] How rates: 100 sccm SiH4 and 500 sccm H2; 
and 

[0075] Duration: about 60 seconds. 

[0076] Next, a tungsten nucleation layer Was formed on 
the barrier layer using the cyclical deposition techniques 
described herein. The nucleation layer had a thickness of 
about 100 Finally, a bulk tungsten layer Was deposited on 
the nucleation layer using CVD to a thickness of about 2,500 
A. The resulting tungsten bulk ?ll ?lm exhibited an unifor 
mity variance greater than about 5 percent. 

[0077] As shoWn by the examples above, the tungsten ?lm 
deposited using a boride soak process exhibited an improved 
surface uniformity compared to a tungsten ?lm deposited 
using a silane soak process. Further, the boride soak process 
is at least six times faster than the silane soak, Which does 
not take into account the doWn time to pressuriZe the 
processing chamber to 90 Torr required by the silane soak 
treatment. Accordingly, the boride soak treatment of the 
present invention exhibits improved ?lm uniformity and a 
signi?cant increase in product throughput. 

[0078] While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 

1. A method for forming a tungsten layer on a substrate 
surface, comprising: 

positioning a substrate in a process chamber; 

exposing the substrate surface to a diborane soak; and 

depositing a nucleation layer in the process chamber by 
alternately pulsing a tungsten-containing compound 
and a reductant selected from a group consisting of 

borane, diborane, silane, disilane, dichlorosilane, 
derivatives thereof and combinations thereof. 

2. The method of claim 1, Wherein the tungsten-contain 
ing compound is selected from the group consisting of 
tungsten hexa?uoride or tungsten hexacarbonyl. 

3. The method of claim 2, Wherein the nucleation layer is 
deposited by alternately pulsing tungsten hexa?uoride and 
silane. 

4. The method of claim 3, Wherein the nucleation layer 
has a thickness of about 100 A or less. 



US 2004/0247788 A1 

5. The method of claim 4, wherein exposing the substrate 
surface to the diborane soak occurs for about 30 seconds or 
less. 

6. The method of claim 5, further comprising forming a 
bulk tungsten deposition ?lm on the nucleation layer using 
cyclical deposition, chemical vapor deposition or physical 
vapor deposition techniques. 

7. The method of claim 6, Wherein the bulk tungsten 
deposition ?lm has a thickness from about 1,000 A to about 
2,500 A. 

8. The method of claim 7, Wherein the substrate surface 
comprises titanium or titanium nitride. 

9. A method for forming a tungsten layer on a substrate 
surface, comprising: 

exposing the substrate surface comprising titanium to a 
soak process for about 30 seconds or less; 

depositing a nucleation layer by alternately pulsing a 
tungsten-containing compound and a reductant; and 

forming a bulk tungsten deposition ?lm on the nucleation 
layer. 

10. The method of claim 9, Wherein the soak process 
comprises a compound selected from the group consisting of 
borane, diborane, silane, derivatives thereof and combina 
tions thereof. 

11. The method of claim 10, Wherein the soak process and 
depositing the nucleation layer occurs in a ?rst process 
chamber. 

12. The method of claim 11, Wherein the reductant is 
selected from the group consisting of borane, diborane, 
silane, disilane, dichlorosilane, derivatives thereof and com 
binations thereof. 

13. The method of claim 12, Wherein the nucleation layer 
has a thickness of about 100 A or less. 

14. The method of claim 13, Wherein the bulk tungsten 
deposition ?lm has a thickness from about 1,000 A to about 
2,500 A. 

15. A method for forming a tungsten layer on a substrate, 
comprising: 
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positioning the substrate in a process chamber; 

eXposing the substrate to a diborane soak; 

depositing a nucleation layer in the process chamber by 
alternately eXposing the substrate to a tungsten-con 
taining compound and a reductant; and 

forming a bulk tungsten deposition ?lm on the nucleation 
layer. 

16. The method of claim 15, Wherein the diborane soak 
occurs for about 30 seconds or less. 

17. The method of claim 16, Wherein the reductant is 
selected from the group consisting of borane, diborane, 
silane, disilane, dichlorosilane, derivatives thereof and com 
binations thereof. 

18. The method of claim 17, Wherein the tungsten 
containing compound is selected from the group consisting 
of tungsten heXa?uoride or tungsten heXacarbonyl. 

19. The method of claim 18, Wherein the nucleation layer 
has a thickness of about 100 A or less. 

20. The method of claim 19, Wherein the bulk tungsten 
deposition ?lm has a thickness from about 1,000 A to about 
2,500 A. 

21. The method of claim 20, Wherein the substrate surface 
comprises titanium or titanium nitride. 

22. A method for forming a tungsten layer on a substrate, 
comprising: 

positioning the substrate in a process chamber; 

eXposing the substrate to a silane soak; 

depositing a nucleation layer in the process chamber by 
alternately eXposing the substrate to a tungsten-con 
taining compound and a reductant; and 

forming a bulk tungsten deposition ?lm on the nucleation 
layer. 


