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METHOD FOR STRENGTHENING 
ADHESION BETWEEN DIELECTRIC 

LAYERS FORMED ADJACENT TO METAL 
LAYERS 

CONTINUING DATA 

[0001] The present application is a divisional from US. 
patent application Ser. No. 10/462,343 ?led Jun. 16, 2003. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] This invention generally relates to microelectronic 
processing, and more particularly to the formation and pro 
cessing of diffusion barrier layers. 
[0004] 2. Description of the Related Art 
[0005] The following descriptions and examples are not 
admitted to be prior art by virtue of their inclusion Within this 
section. 
[0006] Electroless plating is a process for depositing mate 
rials on a catalytic surface from an electrolyte solution With 
out an external source of current. An advantage of an electro 
less deposition process is that it can be selective, i.e., the 
material can be deposited only onto areas that demonstrate 
appropriate chemical properties. In particular, local deposi 
tion can be performed onto metals that exhibit an a?inity to 
the material being deposited or onto areas pretreated or pre 
activated, e.g., With a catalyst. The material or catalyst 
applied onto the selected areas is sometimes called a “seed 
material” or “seed layer” and the ratio of the deposition rate 
on the activated regions to the deposition rate at the non 
activated regions is knoWn as the “deposition process selec 
tivity.” For many applications, it is important to provide a 
deposition of high selectivity. Other important characteristics 
of an electroless deposition process are uniform thickness and 
adherence of the deposited layer to the substrate. 
[0007] Most conventional electroless deposition processes 
include a series of solution baths. Such a series of baths are 
used for preparing a surface for the electroless deposition 
process, as Well as the processes including and subsequent to 
the deposition process. Such a process con?guration, hoW 
ever, facilitates the deposition of foreign particles and/or con 
taminants on a substrate surface When transferring the sub 
strates from bath to bath. Another common problem With 
treating a surface in a series of baths is the exposure of the 
substrate surface to air during the transfer betWeen baths. 
Such an exposure to air may cause oxidation of the substrate 
surface that Will result in poor catalytic activity and poor 
quality metal deposits. This problem becomes especially 
troublesome When using materials that easily oxidiZe in air, 
such as copper. In an attempt to overcome these problems, 
some equipment manufacturers have proposed apparatuses 
Which process a substrate in one chamber for a plurality of 
different process steps associated With an electroless deposi 
tion process. 
[0008] Such apparatuses, hoWever, fail to prevent the solu 
tions from the plurality of different process steps from mixing 
once they are expelled from the process chamber. Conse 
quently, the apparatuses may not reuse process solutions 
Within the apparatus, incurring higher material costs and 
Waste disposal costs for the electroless deposition process. In 
addition, such apparatuses fail to provide a manner With 
Which to supply air exterior to the process chamber during 
processing, such as for a drying step, for example. In particu 
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lar, prior art apparatuses may only offer tWo modes of opera 
tion, one in Which the chamber is sealed for processing and 
another in Which the chamber is not sealed for loading. In 
other cases, prior art apparatuses may not be sealed at all. In 
any embodiment, another problem With conventional process 
chambers is the manner in Which a substrate is secured Within 
the process chamber. In particular, feW conventional process 
chambers offer a manner With Which to secure a substrate 

Without causing damage to the substrate, particularly along 
the edges of the substrate. 
[0009] One common drawback of existing electroless 
deposition processes and apparatuses is loW speed of deposi 
tion. For example, a typical electroless deposition process 
does not generally exceed 100 nm/min. The deposition rate of 
an electroless process may generally depend on the material 
to be deposited and, therefore, the deposition rate may be 
much loWer than 100 nm/min, in some cases. For example, 
the speed of deposition of a cobalt-tungsten-phosphorus layer 
may be Within betWeen approximately 0.01 nm/min and 
approximately 10 nm/min. In general, the deposition rate of 
an electroless process may depend on characteristics of the 
activated areas, such as dimensions, pro?les of the exposed 
surfaces, and distances betWeen the portions of the areas to be 
activated. In some embodiments, the deposition rate of an 
electroless process may further depend on the temperature of 
the solution used to deposit the material. In particular, the 
deposition rate may increase With increases in temperature. 
HoWever, many electroless deposition solutions tend to 
decompose at high temperatures, leading to signi?cant non 
uniforrnities in the deposited material. On the other hand, 
deposition rates of electroless solutions at relatively loW tem 
peratures may be undesirably loW, reducing production 
throughput and increasing fabrication costs. 
[0010] Another common problem With electroless deposi 
tion processes is the formation of gas bubbles on the substrate 
surface during processing. In general, the formation of gas 
bubbles may be due to the evolution of hydrogen during the 
reduction-oxidation process of the electroless deposition pro 
cess and/or by a high level of hydrophobicity Within the 
substrate of the Wafer. The gas bubbles undesirably prevent a 
material from being deposited uniformly upon a substrate 
surface, potentially depositing a layer outside the speci?ca 
tions of the process. 

[0011] In some embodiments, electroless deposition may 
be used for the formation of metal features Within integrated 
circuits. In fact, electroless deposition techniques may be 
particularly advantageous for forming copper features Within 
a microelectronic topography, Which Well matches the 
present trend for using copper as interconnect materials 
instead of aluminum, tungsten, silicides, or the like. In addi 
tion, electroless deposition techniques are favorable for 
depositing materials into deep holes Within the topography 
that cannot be uniformly covered by other deposition tech 
niques, such as sputtering and evaporation, for example. As 
such, an electroless deposition process may be advantageous 
for depositing a metal material using a dual damascene pro 
cess. 

[0012] In some microelectronic devices, a trench compris 
ing a metal feature may also include a liner layer and a cap 
layer to prevent the diffusion of the bulk metal layer Within 
the metal feature to underlying and overlying layers of the 
topography, respectively. In some cases, hoWever, it may be 
dif?cult to clean and activate the barrier layer for a suf?cient 
deposition of a bulk metal layer. In particular, the barrier layer 
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may be cleaned and activated for the deposition of the bulk 
metal layer, but it may be di?icult to prevent the surface from 
being contaminated betWeen processes. In addition or alter 
natively, it may be di?icult to selectively deposit or align a cap 
layer upon the bulk metal layer such that no other metal 
adheres to the dielectric portions of the topography arranged 
adjacent to the metal feature. In embodiments in Which a bulk 
metal layer is polished to be con?ned Within the sideWalls of 
a trench, the dielectric portion of the topography arranged 
adjacent to the metal feature may include small fragments of 
the bulk metal layer upon its upper surface. The small frag 
ments may be catalytic to the electroless deposition of the cap 
layer or may attract a catalytic seed layer used to electrolessly 
deposit the cap layer. In either case, portions of the cap layer 
may be undesirably deposited upon the dielectric portion, 
potentially causing a short Within the circuit. 
[0013] As such, it Would be advantageous to develop a 
system and methods for processing a microelectronic topog 
raphy, particularly for processes associated With an electro 
less deposition process. For example, it Would be desirable to 
develop a system Which is con?gured to conduct one or more 
process steps Within a chamber Without taking a microelec 
tronic topography arranged therein out betWeen steps. In 
addition, it Would be bene?cial to have a system Which pre 
vents process solutions from mixing upon being dispensed 
from the process chamber. Such a process chamber may be 
further adapted to secure a Wafer Within the chamber as Well 
as have a means to provide an air passage to the chamber 
during processing. In some cases, the process chamber may 
be additionally or alternatively adapted to prevent the genera 
tion and accumulation of bubbles upon a Wafer surface during 
processing. In addition, the process chamber may be con?g 
ured to offer a manner With Which to increase the boiling point 
of an electroless deposition solution used Within the chamber. 
Additional bene?ts may also be realiZed by methods Which 
offer to provide a barrier layer Which is not contaminated by 
particles prior to an electroless deposition process and Which 
is either autocatalytic or is readily available for the deposition 
of a catalytic seed layer. In addition, it may be advantageous 
to develop a method Which prevents the deposition of a cap 
layer upon dielectric portions of a topography. 

SUMMARY OF THE INVENTION 

[0014] The problems outlined above may be in large part 
addressed by improved systems and methods for processing a 
microelectronic topography. In some embodiments, the sys 
tems and method may be speci?cally used for processes prior 
to, during, and subsequent to an electroless deposition pro 
cess. HoWever, the system and methods described herein are 
not necessarily restricted to such processes. In general, a 
system is provided Which is adapted to conduct one or more 
processes Within a process chamber. In some embodiments, 
the system may be adapted to conduct a succession of pro 
cesses Without having the microelectronic topography 
removed from the process chamber. Alternatively, hoWever, 
the system may be used to conduct a single process. In either 
case, the system described herein may include a process 
chamber having a plurality of auxiliary equipment arranged 
therein and coupled thereto. For example, the system may 
include a plurality of supply lines, storage tanks, process 
control devices, and temperature and pressure gauges. In 
addition, the process chamber may include a substrate holder, 
a plurality of inlets and outlets, a loading port, and a plurality 
of other components, such as a gate, for example. It is noted 

Jan. 20, 2011 

that the plurality of components and methods provided herein 
are not co-dependent and, therefore, may not necessarily be 
employed together. In particular, the system described herein 
may be constructed to include any combination of the com 
ponents described beloW. In addition, the methods for pro 
cessing a microelectronic topography, as described herein, 
may include any one or a plurality of the methods discussed 
beloW. 

[0015] In general, the system described herein may be 
adapted to form a ?rst enclosed area about and including a 
substrate holder of a process chamber of the system. In some 
embodiments, hoWever, the system may be adapted to form 
another, smaller enclosed area about and including the sub 
strate holder. Such an adaptation to form tWo different 
enclosed regions may entail the process chamber to include at 
least tWo outer portions con?gured to couple With each other 
and form the ?rst enclosed region and at least tWo inner 
portions con?gured to couple With each other and form the 
second enclosed region. As noted above, in some embodi 
ments, the system may be adapted to perform a succession of 
different process steps Within the process chamber. In such an 
embodiment, the system may be further adapted to couple the 
outer portions prior to the succession of the different process 
steps. In some cases, hoWever, the system may be adapted to 
uncouple the outer portions for a drying process of the micro 
electronic topography. Alternatively, the outer portions may 
not be uncoupled for such a drying process. 

[0016] In either case, the system may be adapted to couple 
and uncouple the inner portions betWeen the different process 
steps Without uncoupling the outer portions. For example, in 
some cases, the system may be adapted to couple the inner 
portions prior to an electroless deposition process and 
uncouple the inner portions subsequent to the electroless 
deposition process. Consequently, the system may be adapted 
to dispense different processing ?uids into the ?rst and sec 
ond enclosed areas during the different process steps. “Flu 
ids,” as used herein, may refer to liquids, gases, or plasmas, 
including gases in a standard state or an excited state (i.e., a 
photon-activated gas state). The ?uids in any of such states of 
matter may be used at pressures beloW, at, or above atmo 
spheric pressure as Well as at temperatures associated With the 
respective process step of the fabrication process. In some 
embodiments, the process chamber may include a ?rst outlet 
Within one of the outer portions and a second outlet Within one 
of the inner portions. In some cases, the process chamber may 
be adapted to prevent processing ?uids in the ?rst enclosed 
area from entering the second outlet. For example, the process 
chamber may include a means for spinning the microelec 
tronic topography. In particular, the process chamber may be 
adapted to spin the microelectronic topography at a particular 
rate, such as betWeen approximately 0 rpm and approxi 
mately 8000 rpm, or more speci?cally betWeen approxi 
mately 40 rpm and approximately 1200 rpm When the inner 
portions are uncoupled. In contrast, the microelectronic 
topography may or may not be spun When the inner portions 
are coupled. 

[0017] A method for processing a microelectronic topog 
raphy using a chamber adapted to form different enclosed 
regions about a substrate holder is contemplated herein. In 
particular, the method may include loading the microelec 
tronic topography into a process chamber and closing the 
process chamber to form a ?rst enclosed area about the micro 
electronic topography. The formation of the ?rst enclosed 
area may, in some embodiments, include moving a cover 
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plate toward a base plate of the process chamber. In yet other 
embodiments, however, the formation of the ?rst enclosed 
area may include moving the base plate toWard the cover plate 
or moving the cover plate and base plate toWard each other. In 
either case, the method may further include supplying a ?rst 
set of ?uids to the ?rst enclosed area to process the micro 
electronic topography in one or more process steps. Subse 
quently, the method may include forming a second, distinct 
enclosed area about the microelectronic topography and sup 
plying a second set of ?uids to the second enclosed area to 
further process the microelectronic topography in one or 
more other process steps. 

[0018] In some cases, the ?rst set of ?uids may include 
?uids for preparing the microelectronic topography for an 
electroless deposition process, While the second set of ?uids 
may include a deposition solution for the electroless deposi 
tion process. In such an embodiment, the method may further 
include reforming the ?rst enclosed area subsequent to the 
step of supplying the second set of ?uids and supplying a third 
set of ?uids to the reformed ?rst enclosed area to further 
process the microelectronic topography. Alternatively, the 
?rst set of ?uids may include a deposition solution for an 
electroless deposition process, and the second set of ?uids 
may include ?uids for processing the microelectronic topog 
raphy subsequent to the electroless deposition process. 
[0019] In any case, the method may further include spin 
ning the microelectronic topography. Such a spinning step 
may be conducted While the ?rst and/or second set of ?uids is 
supplied to the process chamber. In some embodiments, spin 
ning the microelectronic topography may be further con 
ducted during the formation of the ?rst and/or second 
enclosed areas. In general, the rate at Which to spin the topog 
raphy may depend on the material supplied to the process 
chamber. In particular, a relatively high spin rate may be 
needed for ?uids With a relatively high viscosity, While a 
relatively loWer spin rate may be needed for ?uids With a 
relatively loW viscosity. As such, the spin rate of the topog 
raphy When the ?rst and second sets of ?uids are supplied to 
the process chamber may be similar or may be substantially 
different. In any case, the microelectronic topography may 
generally be spun at a rate betWeen approximately 0 rpm and 
approximately 8000 rpm, or more speci?cally betWeen 
approximately 40 rpm and approximately 1200 rpm, depend 
ing on the viscosity of the ?uid supplied to the process cham 
ber. In some embodiments, the topography may be rotated at 
a su?icient rate to prevent ?uids from entering a certain outlet 
as stated above. 

[0020] As noted above, the process chamber may have a 
gate attached thereto in some embodiments. As such, a pro 
cess chamber is provided Which includes a Wall With an 
opening and a gate casing arranged adjacent to the Wall such 
that an opening Within the gate casing opening is spaced 
laterally adjacent to the Wall opening. In some cases, the gate 
casing may be arranged such that the gate casing opening is 
spaced in direct lateral alignment With the Wall opening. In 
such an embodiment, the Wall opening and the gate casing 
opening may include dimensions large enough to alloW one or 
more Wafers to be loaded Within the process chamber. In yet 
other embodiments, the openings may not necessarily need to 
have dimensions that large, particularly When the gate is 
simply used to provide an air passage to the process chamber 
as described beloW. As such, the gate casing may not neces 
sarily be arranged such that the gate casing opening is in 
direct lateral alignment With the Wall opening. 
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[0021] In either case, the process chamber may further 
include a gate latch con?gured to align barriers of the gate 
latch With the Wall opening and the gate casing opening. In 
some embodiments, the gate latch is con?gured to move 
Within the space betWeen the Wall and gate casing. In this 
manner, the gate latch may be con?gured to move the barriers 
such that the barriers are not in alignment With the Wall 
opening and gate casing opening as Well. In some cases, the 
portion of the gate latch comprising the barriers may be 
con?gured to move such that the tWo openings are either 
sealed or provide an air passage to the process chamber When 
the barriers are respectively aligned With the tWo openings. In 
this manner, the barriers may prevent ?uids Within the process 
chamber from ?oWing through the Wall opening and gate 
casing opening Whenever the barriers are respectively aligned 
With the tWo openings. In some embodiments, the process 
chamber may be adapted to draW air through the air passage 
and into the process chamber. 

[0022] Consequently, a method for processing a microelec 
tronic topography Within a process chamber having such a 
gate is provided herein. The method may include loading a 
microelectronic topography into a process chamber. Such a 
step of loading may include introducing the microelectronic 
topography through an opening of the process chamber that 
serves as a loading port of the chamber, Which may or may not 
have the gate arranged adjacent thereto. The method may 
further include sealing the loading port or another opening 
Within the process chamber With a gate. In some cases, the 
step of sealing may include moving the gate such that barriers 
of the gate are in alignment With the opening of the process 
chamber. Alternatively, the gate may be ?xed adjacent to the 
opening. In either case, the method may further include 
exposing the microelectronic topography to a ?rst set of pro 
cess steps. In some embodiments, the ?rst set of process steps 
may include electrolessly depositing a layer upon the micro 
electronic topography as Well as process steps conducted 
prior to or subsequent to an electroless deposition process. 
HoWever, the method is not restricted to such process steps. 

[0023] The method may continue on With opening the gate 
such that an air passage is provided to the process chamber. 
The microelectronic topography may then be exposed to a 
second set of process steps Without alloWing liquids Within 
the process chamber to ?oW through the air passage. In some 
embodiments, the second set of process steps may include 
drying the microelectronic topography. In addition or alter 
natively, the second set of process steps may include any other 
process steps With Which to process a microelectronic topog 
raphy. In any case, the method may further include removing 
the microelectronic topography from the process chamber 
subsequent to exposing the topography to the ?rst and second 
set of process steps. In cases in Which the gate is arranged 
adjacent to a loading port of the process chamber, the step of 
removing may include moving the gate such that barriers of 
the gate do not block the opening of the process chamber. 

[0024] As noted above, the process chamber may include a 
substrate holder With Which to support a Wafer for processing. 
In some embodiments, the substrate holder may be con?g 
ured to prevent a substantial amount of movement of the 
Wafer during processing. In particular, the substrate holder 
may, in some embodiments, include a clamping jaW adapted 
to prevent substantial movement of a Wafer arranged upon the 
substrate holder. Such a clamping jaW may include a lever 
arranged along an edge of the substrate holder and a support 
member pivotally coupled to the lever. In some cases, the 
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clamping jaW may be one of a plurality of clamping jaws 
spaced Within the substrate holder. In general, the lever may 
include a ?rst portion and a second portion. In some cases, the 
?rst portion may be longer than the second portion. In addi 
tion or alternatively, the ?rst portion may be heavier than the 
second portion. In any case, the second portion may include a 
lip extending into a Wafer receiving area of the substrate 
holder. In general, the clamping jaW may be con?gured to 
loWer the lip upon the Wafer or to a level spaced above the 
Wafer. 

[0025] Since the elemental composition of a process ?uid 
may directly affect the reaction rate and uniformity of treating 
a microelectronic topography, process ?uids may need to be 
analyZed and adjusted prior to being supplied to process 
chamber 22. As such, the system described herein may 
include analytical test equipment for monitoring ?uids used 
Within a process chamber. In general, the analytical test 
equipment may be used to measure the concentration of ele 
ments Within the process ?uid. In this manner, it can be 
determined Whether the process ?uid is in speci?cation or if 
the process ?uid needs to be adjusted. Such analytical test 
equipment may be coupled to any supply line of the system, 
including those coupled to inlet and outlets of the process 
chamber. In addition or alternatively, the analytical test equip 
ment may be coupled to directly to the process chamber or to 
one or more storage tanks con?gured to hold process ?uids 
used Within the process chamber. 

[0026] In some embodiments, it may be particularly advan 
tageous to be able to analyze four or more components Within 
a system. For example, embodiments in Which the system is 
used for a plurality of processes, such as the processes con 
ducted prior to, during, and/or subsequent to an electroless 
deposition process, the adaptation of being able to measure 
the concentration of at least four elements may be advanta 
geous since the ?uids used for the different process steps may 
have different compositions. In yet other embodiments, it 
may be advantageous to employ analytical test equipment 
With such an adaptation for processes Which use solutions 
With a plurality of elements. An exemplary process using a 
solution With at least four elements is described in more detail 
beloW in Which a four-element barrier layer is deposited. In 
such an embodiment, it may be particularly advantageous for 
the analytical test equipment to be con?gured to measure the 
concentration of at least four elements selected from the 
group consisting of boron, chromium, cobalt, molybdenum, 
nickel, phosphorus, rhenium, and tungsten. In any case, the 
system may further include a central processing unit (CPU) 
coupled to the analytical test equipment. Such a CPU may 
include a carrier medium comprising program instructions 
executable on a computer system for adjusting compositions 
of the ?uids based upon the analysis performed by the ana 
lytical test equipment. 
[0027] In general, the system described herein may be 
adapted to provide any process ?uid for processing a micro 
electronic topography to a process chamber, including liq 
uids, gases, and/ or plasmas. In some embodiments, it may be 
particularly advantageous to perform a process using a single 
phase. For example, employing a single liquid phase environ 
ment may offer a manner With Which to control the pressure 
Within the process chamber. In general, increasing the pres 
sure of a solution may advantageously increase the boiling 
point of the solution. In embodiments of electroless deposi 
tion, an increase in the boiling point of the deposition solution 
may increase the temperature at Which the solution decom 
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poses and may further alloW the rate of deposition to be 
increased. As such, a method for electrolessly depositing a 
layer upon a microelectronic topography exclusively using a 
liquid phase is contemplated herein. In general, the method 
may include loading the Wafer into an electroless deposition 
chamber, sealing the electroless deposition chamber to form 
an enclosed area about the microelectronic topography, and 
?lling the enclosed area With a deposition solution. In some 
cases, ?lling the chamber may include pressuriZing the 
enclosed area to a pressure betWeen approximately 5 psi and 
approximately 100 psi, increasing the boiling point of the 
deposition solution. In some embodiments, the method heat 
ing the deposition solution to a temperature less than approxi 
mately 25% beloW the boiling point of the deposition solution 
to increase a reaction rate of the deposition solution With the 
microelectronic topography. 
[0028] In some cases, a process chamber may include a 
particular con?guration to process a microelectronic topog 
raphy using a single-phase solution. For example, a process 
chamber is contemplated herein Which includes a substrate 
holder and a reservoir arranged above the substrate holder and 
Within sideWalls of the process chamber. A method for using 
such a process chamber is also provided herein. In general, 
the process chamber may be adapted to move the reservoir 
proximate to the substrate holder and dispense the ?uids 
contained Within the reservoir into an enclosed area laterally 
bound by the microelectronic topography and the reservoir. In 
some cases, the reservoir may include one or more valves and 
the process chamber may be adapted to open the valves upon 
moving the reservoir proximate to the substrate holder. Such 
valves may be generally adapted to alloW bi-directional ?oW 
of the ?uids betWeen the reservoir and the microelectronic 
topography. In some cases, the reservoir may additionally or 
alternatively include a hatch. In such an embodiment, the 
process chamber may be adapted to move the hatch Within the 
reservoir upon moving the reservoir proximate to the sub 
strate. In some cases, the process chamber may be further 
adapted to rotate the hatch When the hatch is moved Within the 
reservoir. In such an embodiment, it may be particularly 
advantageous to rotate the hatch at rate su?icient to prevent 
the accumulation of bubbles upon the microelectronic topog 
raphy during processing. In any case, the method of process 
ing the topography may terminate upon closing the hatch and 
raising the reservoir to a level spaced above the substrate 
holder. 

[0029] Regardless of the con?guration of the process 
chamber, a method for processing a microelectronic topog 
raphy Within a process chamber may include replenishing the 
?uids provided to the chamber for processing. Such a step of 
replenishing may, in some embodiments, include Widening 
one or more outlet passages of the process chamber such that 
a composite second dispensing ?oW rate of the deposition 
solution through the outlets is substantially equal to the ?rst 
inlet ?oW rate of the deposition solution. Alternatively, the 
step of repleni shing may include decreasing the ?rst inlet ?oW 
rate of the deposition solution to a second inlet ?oW rate that 
is substantially equal to the ?rst dispensing ?oW rate of the 
deposition solution through outlets of the process chamber. In 
yet other embodiments, the step of replenishing may include 
decreasing the ?rst inlet ?oW rate of the deposition solution to 
the process chamber to a second inlet ?oW rate and Widening 
one or more of the outlet passages to a composite second 
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dispensing ?oW rate, wherein the composite second dispens 
ing ?oW rate is substantially equal to the second inlet ?oW 
rate. 

[0030] In some cases, pressurizing the chamber may be 
advantageous for minimizing the generation and accumula 
tion of bubbles upon a surface of a Wafer during an electroless 
deposition process. In addition or alternatively, positioning a 
Wafer face-up Within a processing chamber may reduce gen 
eration and accumulation of bubbles upon a Wafer. In yet 
other embodiments, agitating a solution used for an electro 
less deposition process may further or alternatively minimize 
the generation and accumulation of bubbles upon a Wafer 
surface. As such, a method may minimizing the accumulation 
of bubbles upon a Wafer during an electroless deposition 
process is provided herein. In general, the method may 
include loading the Wafer into an electroless deposition 
chamber, sealing the electroless deposition chamber to form 
an enclosed area about the Wafer, and supplying a deposition 
solution to the enclosed area. In addition, the method may 
include agitating the deposition solution to create an amount 
of motion su?icient to form a layer having substantially uni 
form thickness. In some cases, the method may further 
include pressurizing the enclosed area to a predetermined 
value, such as betWeen approximately 5 psi and approxi 
mately 100 psi. In this manner, the steps of agitating and 
pressurizing may collectively reduce the amount of bubbles 
formed upon the Wafer during the electroless deposition pro 
cess. In addition or alternatively, the step of loading the Wafer 
may include positioning the Wafer face-up Within the electro 
less deposition chamber such that the generation of bubbles 
may be further reduced. 

[0031] In any case, agitating the deposition solution may be 
conducted in several different manners. For example, in some 
embodiments, agitating the solution may include spraying the 
deposition solution into the process chamber at a rate betWeen 
approximately 0.1 gallons per minute and approximately 10 
gallons per minute. In addition or alternatively, the supply of 
the deposition solution may be pulsed into the process cham 
ber at a frequency betWeen approximately 0.1 Hz and about 
10 KHz, for example. In yet other embodiments, the process 
chamber may include a means for agitating a solution Which 
is distinct from inlets and supply lines used to the supply of 
deposition solution to the process chamber. For example, the 
process chamber may include a transducer con?gured to sup 
ply acoustic Waves, such as ultrasonic or megasonic Waves, to 
the deposition solution. In such an embodiment, the step of 
agitating may include propagating the acoustic Waves parallel 
or perpendicular to a treating surface of the Wafer. In yet other 
embodiments, the step of agitating may include propagating 
the acoustic Waves at an angle betWeen approximately 0° and 
approximately 90° relative to a treating surface of the Wafer. 

[0032] In addition or alternatively, the process chamber 
may include a device con?gured to move through the depo 
sition solution and above the Wafer during processing. In 
some embodiments, the device may be con?gured to come 
into contact With the Wafer. In other embodiments, hoWever, 
the device may be con?gured to not come into contact With 
the Wafer. In general, the device may include any mechanism 
Which may cause a su?icient amount of agitation With Which 
to remove and/ or prevent the accumulation of bubbles on the 
surface of the underlying Wafer. For example, in some 
embodiments, the device may include a brush With a plurality 
of bristles to stir the ?uid Within the process chamber. In yet 
other embodiments, the device may include a rod, block, 
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propeller, or plate. Consequently, it is noted that the device 
may include any design and may traverse at any speed su?i 
cient to cause a disturbance With Which to minimize the 
number of bubbles of a Wafer surface. In any case, the device 
may, in some embodiments, be adapted to dispense ?uids to 
the Wafer surface. 

[0033] In addition to providing methods for processing a 
microelectronic topography Which correlate to the system 
described herein, methods for forming a contact structure or 
a via Within a dielectric layer are also provided. It is noted that 
the methods described beloW may be conducted using the 
system described herein, but are not restricted to the use of 
such a system. Furthermore, the different process steps used 
to form a contact structure are not necessarily co-dependent 
and, therefore, may be performed independent of each other. 
[0034] In some embodiments, the method for forming a 
contact structure or via Within a dielectric layer may include 
forming a liner layer upon a microelectronic topography and 
converting at least a portion of the liner layer to a hydrated 
oxide layer. In some cases, the step of converting may include 
exposing the liner layer to an oxidizing plasma. In yet other 
embodiments, the step of converting may include exposing 
the liner layer to an oxidizing ?uid. In either case, the liner 
layer may include a metal layer in some embodiments. For 
example, the liner layer may include a metal selected from a 
group consisting of tantalum, tantalum nitride, tantalum sili 
con nitride, tantalum carbon nitride, titanium, titanium 
nitride, titanium silicon nitride, tungsten and tungsten nitride. 
In some embodiments, the liner layer may include a combi 
nation of such materials, such as a stack of tantalum nitride 
and tantalum or a stack of titanium and titanium nitride, for 
example. In either case, the step of converting a portion of the 
liner layer may include forming a metal oxide layer. For 
example, in embodiments in Which the liner layer includes 
tantalum and the hydrated metal oxide layer may include 
tantalic acid. In yet other embodiments, the liner layer may 
include a dielectric material, such as silicon nitride, silicon 
carbide, silicon carbon nitride, silicon oxycarbide, silicon 
oxycarbon nitride, and/or any organic materials generally 
knoWn for use in microelectronic fabrication. In such an 
embodiment, a portion of the liner layer may be converted 
into a hydrated and oxidized dielectric layer. 

[0035] In any case, the method may further include depos 
iting a metal layer upon the hydrated oxide layer. Conse 
quently a microelectronic topography may be formed Which 
includes a hydrated oxide layer and a metal layer formed upon 
and in contact With the hydrated oxide layer. More speci? 
cally, in embodiments in Which the liner layer includes a 
metal, a microelectronic topography may be formed Which 
includes a hydrated metal oxide layer and a metal layer 
formed upon and in contact With the hydrated metal oxide 
layer. In some embodiments, the metal layer may be electro 
less deposited upon the hydrated oxide layer. In other 
embodiments, hoWever, the metal layer may be deposited 
using processes other than electroless techniques. In some 
embodiments, the method may include converting the 
hydrated oxide layer to an oxide layer subsequent to the 
deposition of the metal layer. Such a conversion the hydrated 
oxide layer to the oxide layer may include heating the micro 
electronic topography to a temperature greater than approxi 
mately 4000 C. In yet other embodiments, the method may 
include converting the hydrated oxide layer a different mate 
rial subsequent to the step of deposition the metal layer. For 
example, in an embodiment in Which the hydrated oxide layer 
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includes a metal, the method may include converting a 
hydrated metal oxide layer into a metal layer. Such a conver 
sion of the hydrated metal oxide layer to the different material 
may include annealing the microelectronic topography in an 
ambient comprising hydrogen. 
[0036] In yet other embodiments, the method for forming a 
contact structure or via Within a dielectric layer may addition 
ally or alternatively include selectively depositing a second 
dielectric layer upon a ?rst dielectric layer and selectively 
depositing a metal layer upon portions of the topography 
arranged adjacent to the ?rst dielectric layer such that the 
deposition of the metal layer upon the ?rst dielectric is mini 
miZed. In some embodiments, the step of selectively depos 
iting the second dielectric layer may include depositing a 
hydrophobic material. Such a hydrophobic material may be 
deposited by exposing the microelectronic topography to 
dichlorodimethylsilane or any xylene material con?gured to 
form a hydrophobic material. More speci?cally, the hydro 
phobic material may be deposited using organic vapor depo 
sition. 

[0037] In some embodiments, the method may further 
include removing the second dielectric layer subsequent to 
the step of selectively depositing the metal layer. In yet other 
cases, the second dielectric layer may remain Within the 
microelectronic topography for further processing. In either 
case, a microelectronic topography may be formed Which 
includes a metal feature having a second metal layer formed 
upon and in contact With a ?rst metal layer. In addition, the 
microelectronic topography may include a dielectric portion 
having a loWer layer of hydrophilic material and upper layer 
of hydrophobic material. In some embodiments, the dielectric 
portion may have a loWer surface substantially coplanar With 
a loWer surface of the metal feature. In addition or alterna 
tively, the upper surfaces of the loWer layer and the second 
metal layer may be substantially coplanar. In any case, the 
thickness of the upper portion may be less than approximately 
500 angstroms. 
[0038] Another microelectronic topography Which may be 
formed using the methods described herein may include a 
metal feature having a single layer comprises at least four 
elements lining a loWer surface and sideWalls of the metal 
feature. In some embodiments, the single barrier layer may 
include at least four elements selected from a group consist 
ing of boron, chromium, cobalt, molybdenum, nickel, phos 
phorus, rhenium, and tungsten. In addition, the concentration 
of elements Within the single barrier layer may include three 
elements each comprising betWeen approximately 0.1% and 
approximately 20% of a molar concentration of the barrier 
layer and a fourth element comprising the balance of the 
molar concentration. In some embodiments, the fourth ele 
ment may include cobalt or nickel. In some embodiments, the 
single barrier layer may be con?gured to substantially prevent 
oxidation. In addition or alternatively, the single barrier layer 
may be con?gured to substantially prevent diffusion of a bulk 
metal layer formed upon the single barrier layer to other 
layers Within the microelectronic topography. In some 
embodiments, the metal feature may further include a second 
single barrier layer comprising at least four elements 
arranged upon and in contact With the bulk metal layer. 
[0039] There may be several advantages to using the sys 
tem and methods described herein. For example, a system is 
provided Which is adapted to conduct one or more process 
steps Within a chamber Without removing the Wafer arranged 
Within the chamber. In this manner, the deposition of foreign 
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particles and oxidation of the topography may be minimized. 
In addition, a process chamber is provided Which prevents 
process solutions from mixing upon being dispensed from the 
process chamber. Consequently, one or more of the process 
?uids used in the process chamber may be recycled, reducing 
material and Waste disposal costs associated With the process. 
Moreover, a substrate holder is provided Which is adapted to 
secure a Wafer Within a chamber such that a Wafer is not 

damaged during processing. In addition, a gate adapted to 
provide an air passage to the process chamber during process 
ing is provided. In this manner, ambient air exterior to the 
process chamber may be supplied to the process chamber for 
a drying process, for example. Furthermore, a method and a 
system for reducing the generation and accumulation of 
bubbles upon a Wafer surface during processing is provided. 
As a result, a substantially uniform layer may be deposited. In 
some cases, the method and system described herein may 
increase the boiling point of an electroless deposition solution 
used Within a process chamber. Such an increase in the boil 
ing point may, in some embodiments, may be used to increase 
the deposition rate of the layer, increasing production 
throughput of the system. 
[0040] Additional bene?ts may also be realiZed by the 
method of hydrating the barrier layer prior to an electroless 
deposition process. In particular, such a process may advan 
tageously alloW the barrier layer to be readily available for the 
deposition of a catalytic seed layer While preventing the accu 
mulation of particulate matter upon the barrier layer. Conse 
quently, a more uniform bulk metal layer may be deposited 
thereon. In embodiments in Which the barrier is formed to 
include at least four elements, the barrier layer may be auto 
catalytic and, therefore, may not need the extraneous process 
steps of activating the barrier layer. 
[0041] Furthermore, the method Which deposits a hydro 
phobic layer upon dielectric portion of the topography prior 
to the deposition of a cap layer may advantageously prevent 
the deposition of a the layer upon dielectric portions of a 
topography, potentially preventing the formation of a short 
Within the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 
[0043] FIG. 1 depicts a schematic diagram of a system for 
processing a microelectronic topography; 
[0044] FIG. 2a depicts a partial cross-sectional vieW of a 
gate attached to a process chamber in an open position; 
[0045] FIG. 2b depicts a partial cross-sectional vieW of the 
gate from FIG. 2a in an unsealed closed position; 
[0046] FIG. 20 depicts a partial cross-sectional vieW of the 
gate from FIG. 2a in sealed position; 
[0047] FIG. 3 depicts a How chart for processing a micro 
electronic topography using a process chamber With a gate 
attached thereto; 
[0048] FIG. 4 depicts a partial cross-sectional vieW of a 
substrate holder; 
[0049] FIG. 5 depicts a How chart for processing a micro 
electronic topography exclusively employing a liquid phase 
environment; 
[0050] FIG. 6a depicts a partial cross-sectional vieW of a 
process chamber With a reservoir arranged above a substrate 

holder; 
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[0051] FIG. 6b depicts a partial cross-sectional vieW ofthe 
process chamber of FIG. 6a subsequent to lowering the res 
ervoir toward the substrate holder; 
[0052] FIG. 60 depicts a partial cross-sectional vieW of the 
process chamber in Which a hatch of the reservoir has been 
raised subsequent to the lowering of the reservoir in FIG. 6b; 
[0053] FIG. 6d depicts a partial cross-sectional vieW of the 
process chamber in Which the hatch of the reservoir has been 
loWered back doWn to the base of the reservoir subsequent to 
the raising of the hatch in FIG. 60; 
[0054] FIG. 7 depicts a How chart for minimizing the gen 
eration of bubbles upon a Wafer surface during processing; 
[0055] FIG. 8a depicts a top vieW of a process chamber 
included Within the system depicted in FIG. 1 having a plu 
rality of inlets spatially arranged about a substrate holder; 
[0056] FIG. 8b depicts a top vieW of the plurality of spa 
tially arranged inlets of FIG. 8a con?gured to project ?uid in 
a different direction; 
[0057] FIG. 9a depicts a partial cross-sectional vieW of a 
process chamber in an open position; 
[0058] FIG. 9b depicts a partial cross-sectional vieW of the 
process chamber of FIG. 9a in Which outer portions are 
coupled to form a ?rst enclosed region; 
[0059] FIG. 90 depicts a partial cross-sectional vieW of the 
process chamber of FIG. 9a in Which inner portions are 
coupled to form a second enclosed region; 
[0060] FIG. 10 depicts a How chart for processing a micro 
electronic topography using the process chamber of FIGS. 
911-90; 
[0061] FIG. 11 depicts a partial cross-sectional vieW of a 
microelectronic topography having a trench formed Within a 
dielectric layer; 
[0062] FIG. 12 depicts a partial cross-sectional vieW of the 
microelectronic topography of FIG. 11 subsequent to the 
formation of a liner layer upon the upper surface of the topog 
raphy; 
[0063] FIG. 13 depicts a partial cross-sectional vieW ofthe 
microelectronic topography of in Which an upper portion of 
the liner layer is hydrated subsequent to the formation of the 
liner layer; 
[0064] FIG. 14 depicts a partial cross-sectional vieW of the 
microelectronic topography in Which a bulk metal layer is 
formed upon the hydrated surface of the liner layer subse 
quent to the formation of the hydrated surface in FIG. 13; 
[0065] FIG. 15 depicts a partial cross-sectional vieW of the 
microelectronic topography in Which the bulk metal layer is 
planariZed sub sequent to the formation of the bulk metal layer 
in FIG. 14; 
[0066] FIG. 16 depicts a partial cross-sectional vieW of the 
microelectronic topography in Which a hydrophobic dielec 
tric layer is formed upon the dielectric layer subsequent to the 
planariZation of the bulk metal layer in FIG. 15; 
[0067] FIG. 17 depicts a partial cross-sectional vieW of the 
microelectronic topography in Which a cap layer is formed 
upon the bulk metal layer subsequent to the formation of the 
hydrophobic dielectric layer in FIG. 16; and 
[0068] FIG. 18 depicts a partial cross-sectional vieW of the 
microelectronic topography in Which the hydrophobic layer 
is removed subsequent to the formation of the cap layer in 
FIG. 17. 
[0069] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments thereof 
are shoWn by Way of example in the draWings and Will herein 
be described in detail. It should be understood, hoWever, that 
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the draWings and detailed description thereto are not intended 
to limit the invention to the particular form disclosed, but on 
the contrary, the intention is to cover all modi?cations, 
equivalents and alternatives falling Within the spirit and scope 
of the present invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0070] Turning noW to the draWings, exemplary embodi 
ments of systems and methods for processing a microelec 
tronic topography are illustrated in FIGS. 1-18. More speci? 
cally, FIG. 1 illustrates an exemplary embodiment of a system 
that may be used for processing a microelectronic topogra 
phy, While FIGS. 211-10 shoW detailed illustrations of particu 
lar components of the system in FIG. 1 as Well as methods of 
using such a system. Furthermore, FIGS. 11-18 illustrate a 
method for processing a microelectronic topography Which 
may be conducted using the system shoWn in FIG. 1 or any 
other system adapted for such a method. It is noted that the 
plurality of component designs and methods illustrated in 
FIGS. 1-18 are not co-dependent and, therefore, may not 
necessarily be employed together. In particular, the system 
described herein may be constructed to include any combi 
nation of the components described in reference to FIGS. 1, 
211-20, 4, 6a-6d, 8a, 8b, and 911-90. In addition, the methods 
for processing a microelectronic topography, as described 
herein, may include any one or a plurality of the methods 
discussed in reference to FIGS. 3, 5, 7, and 10-18. 
[0071] The system illustrated in FIG. 1 is designated, as a 
Whole, by reference numeral 20. In general, system 20 may 
include process chamber 22 With Which to process a micro 
electronic topography. More speci?cally, process chamber 22 
may be used for one or more processes steps used to fabricate 
a microelectronic device, such as depositing, etching, activat 
ing, polishing, cleaning, rinsing, drying, or any combination 
of such processes. In a preferred embodiment, process cham 
ber 22 may be used for any of the processes associated With an 
electroless deposition process, including any processes per 
formed prior to, during, or subsequent to an electroless depo 
sition process. For example, in some cases, process chamber 
22 may be used to activate a surface of a microelectronic 
topography such that a layer may be subsequently deposited 
using an electroless process Within process chamber 22 or 
Within a different process chamber. In addition or altema 
tively, process chamber 22 may be used for polishing and/or 
cleaning an electrolessly deposited layer as Well as depositing 
a cap layer upon the electroless deposited layer. In yet other 
embodiments, process chamber 22 may be used for processes 
not associated With an electroless deposition process. 
[0072] As shoWn in FIG. 1, process chamber 22 may have 
a plurality of auxiliary components arranged therein and 
coupled thereto. In particular, process chamber 22 may 
include chamber Walls, a cover, a substrate holder, a means 
for dispensing ?uids Within the chamber, as Well as a plurality 
of other components as described in more detail beloW. In 
addition, process chamber 22 may be coupled to a plurality of 
supply lines, storage tanks, and process control devices, such 
as but not limited to temperature and pressure gauges. In 
general, the components of process chamber 22 may be made 
of or may have a surface coated With a chemically stable 
material that can Withstand the action of aggressive solutions 
used Within process chamber 22. Such a material may further 
be stable With temperatures ranging betWeen approximately 
—20° C. and approximately 800° C. and pressures ranging 










































