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(57) ABSTRACT 

A method is provided which includes forming a metal layer 
and converting at least a portion of the metal layer to a 
hydrated metal oxide layer. Another method is provided 
which includes selectively depositing a dielectric layer upon 
another dielectric layer and selectively depositing a metal 
layer adjacent to the dielectric layer. Consequently, a micro 
electronic topography is formed which includes a metal fea 
ture and an adjacent dielectric portion comprising lower and 
upper layers of hydrophilic and hydrophobic material, 
respectively. A topography including a metal feature having a 
single layer with at least four elements lining a lower Surface 
and sidewalls of the metal feature is also provided herein. The 
fluid/s used to form Such a single layer may be analyzed by 
test equipment configured to measure the concentration of all 
four elements. In some cases, the composition of the fluid/s 
may be adjusted based upon the analysis. 
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Loading a microelectronic 
topography into a process chamber 

42 

Sealing an opening of the process 
chamber with a gate 

43 

Exposing the microelectronic topography 
to a first set of process steps 

44 

Opening the gate Such that an air passage is 
provided to the process chamber 

45 

Exposing the microelectronic topography to a 
Second set of process steps without allowing 
liquids within the process chamber to flow 

through the air passage 
46 

Removing the microelectronic 
topography 

47 
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Loading a wafer into an electroless 
deposition chamber 

82 

Sealing the electroless deposition 
Chamber to form an enclosed area about 

the microelectronic topography 
83 

Filling the enclosed area with a 
deposition solution 

84 

Replenishing the deposition solution 
within the enclosed area 

85 

Loading a wafer into an electroless 
deposition chamber 

95 

Sealing the electroless deposition chamber to forman 
enclosed area about the microelectronic topography 

96. 

PreSSurizing the enclosed area to a 
predetermined value 

97 
y 

Prewet the topography surface 
97a 

Supplying a deposition Solution 
to the enclosed area 

98 
y 

Agitating the deposition Solution to Create an amount of 
motion sufficient to form a layer having substantially 

uniform thickness 
99 
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Loading a microelectronic topography 
into a process chamber 

113 

steps 

Closing the process chamber to form a 
first enclosed area about the 
microelectronic topography 

Supplying a first set of fluids to the first 
enclosed area to process the 

microelectronic topography in One or 
more process Steps 

Forming a second, distinct enclosed 
area about the microelectronic 

topography 

Supplying a second set of fluids to the 
second enclosed area to further 

process the microelectronic 
topography in one or more process 

114 

steps 

Supplying a third set of fluids to the 
reformed enclosed area to further / 119 

process the microelectronic 
topography in One or more process 

/ 118 
Reforming the first enclosed area 

Spinning the microelectronic 
topography at a faster rate during the 
step of Supplying the first set of fluids 
than during the step of Supplying the 

second set of fluids 

Fig. 10 
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METHOD FOR STRENGTHENING 
ADHESON BETWEEN DELECTRIC 

LAYERS FORMED ADJACENT TO METAL 
LAYERS 

CONTINUING DATA 

0001. The present application is a divisional from U.S. 
patent application Ser. No. 10/462.343 filed 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 affinity 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 configuration, 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 mm/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, profiles 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 significant non 
uniformities 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 specifica 
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 
CCSS, 

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 
difficult to clean and activate the barrier layer for a sufficient 
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 difficult to prevent the surface from 
being contaminated between processes. In addition or alter 
natively, it may be difficult to selectively depositoralign 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 confined 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 configured 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 beneficial 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 config 
ured to offera manner with which to increase the boiling point 
of an electroless deposition solution used within the chamber. 
Additional benefits 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 specifically 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 
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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 first 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 configured to couple with each other 
and form the first enclosed region and at least two inner 
portions configured 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 fluids into the first 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 fluids in any of such states of 
matter may be used at pressures below, at, or above atmo 
spheric pressure as well as attemperatures associated with the 
respective process step of the fabrication process. In some 
embodiments, the process chamber may include a first 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 fluids in the first 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 specifically 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 first enclosed area about the micro 
electronic topography. The formation of the first 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 first 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 first 
set of fluids to the first 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 fluids to the second enclosed area to 
further process the microelectronic topography in one or 
more other process steps. 
0018. In some cases, the first set of fluids may include 
fluids for preparing the microelectronic topography for an 
electroless deposition process, while the second set of fluids 
may include a deposition Solution for the electroless deposi 
tion process. In such an embodiment, the method may further 
include reforming the first enclosed area Subsequent to the 
step of supplying the second set of fluids and Supplying a third 
set of fluids to the reformed first enclosed area to further 
process the microelectronic topography. Alternatively, the 
first set of fluids may include a deposition solution for an 
electroless deposition process, and the second set of fluids 
may include fluids 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 first and/or second set of fluids is 
supplied to the process chamber. In some embodiments, spin 
ning the microelectronic topography may be further con 
ducted during the formation of the first 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 fluids with a relatively high viscosity, while a 
relatively lower spin rate may be needed for fluids with a 
relatively low viscosity. As such, the spin rate of the topog 
raphy when the first and second sets of fluids 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 specifically between 
approximately 40 rpm and approximately 1200 rpm, depend 
ing on the Viscosity of the fluid Supplied to the process cham 
ber. In some embodiments, the topography may be rotated at 
a sufficient rate to prevent fluids 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. 

Jan. 20, 2011 

0021. In either case, the process chamber may further 
include a gate latch configured to align barriers of the gate 
latch with the wall opening and the gate casing opening. In 
Some embodiments, the gate latch is configured to move 
within the space between the wall and gate casing. In this 
manner, the gate latch may be configured 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 
configured 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 fluids within the process 
chamber from flowing 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 fixed adjacent to the 
opening. In either case, the method may further include 
exposing the microelectronic topography to a first set of pro 
cess steps. In some embodiments, the first 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 flow 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 first 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 supporta wafer for processing. 
In some embodiments, the Substrate holder may be config 
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 first portion and a second portion. In some cases, the 
first portion may be longer than the second portion. In addi 
tion or alternatively, the first 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 configured to 
lower the lip upon the wafer or to a level spaced above the 
wafer. 

0025 Since the elemental composition of a process fluid 
may directly affect the reaction rate and uniformity of treating 
a microelectronic topography, process fluids 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 fluids used 
within a process chamber. In general, the analytical test 
equipment may be used to measure the concentration of ele 
ments within the process fluid. In this manner, it can be 
determined whether the process fluid is in specification or if 
the process fluid 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 configured to hold process fluids 
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 fluids 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 configured 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 fluids 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 fluid 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 
filling the enclosed area with a deposition Solution. In some 
cases, filling 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 configuration 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 fluids 
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 flow 
of the fluids 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 Sufficient 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 configuration of the process 
chamber, a method for processing a microelectronic topog 
raphy within a process chamber may include replenishing the 
fluids 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 flow rate of the deposition 
solution through the outlets is substantially equal to the first 
inlet flow rate of the deposition solution. Alternatively, the 
step of replenishing may include decreasing the first inlet flow 
rate of the deposition solution to a second inlet flow rate that 
is substantially equal to the first dispensing flow rate of the 
deposition solution through outlets of the process chamber. In 
yet other embodiments, the step of replenishing may include 
decreasing the first inlet flow rate of the deposition solution to 
the process chamber to a second inlet flow rate and widening 
one or more of the outlet passages to a composite second 
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dispensing flow rate, wherein the composite second dispens 
ing flow rate is substantially equal to the second inlet flow 
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 Sufficient 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 chamberata 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 configured 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 configured to move through the depo 
sition Solution and above the wafer during processing. In 
Some embodiments, the device may be configured to come 
into contact with the wafer. In other embodiments, however, 
the device may be configured to not come into contact with 
the wafer. In general, the device may include any mechanism 
which may cause a Sufficient 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 fluid 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 suffi 
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 fluids 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 fluid. 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 specifi 
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 400° 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 first dielectric layer and selectively 
depositing a metal layer upon portions of the topography 
arranged adjacent to the first dielectric layer Such that the 
deposition of the metal layer upon the first 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 configured to 
form a hydrophobic material. More specifically, 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 first metal layer. In addition, the 
microelectronic topography may include a dielectric portion 
having a lower layer of hydrophilic material and upper layer 
ofhydrophobic 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 configured to Substantially prevent 
oxidation. In addition or alternatively, the single barrier layer 
may be configured 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 
fluids 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 airpassage 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 benefits 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.2c depicts a partial cross-sectional view of the 
gate from FIG. 2a in sealed position; 
0047 FIG. 3 depicts a flow 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 flow 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 of the 
process chamber of FIG. 6a subsequent to lowering the res 
ervoir toward the substrate holder; 
0052 FIG. 6c 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. 6c. 
0054 FIG. 7 depicts a flow 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 configured to project fluid 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 first enclosed region; 
0059 FIG.9c 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 flow chart for processing a micro 
electronic topography using the process chamber of FIGS. 
9a-9c, 
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 of the 
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 subsequent 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 
fications and alternative forms, specific 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 modifications, 
equivalents and alternatives falling within the spirit and scope 
of the present invention as defined 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 specifi 
cally, FIG. 1 illustrates an exemplary embodiment of a system 
that may be used for processing a microelectronic topogra 
phy, while FIGS. 2a-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, 
2a-2c, 4, 6a-6d. 8a, 8b, and 9a-9c. 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 specifically, 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 alterna 
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 fluids 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 
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between approximately 1 psi and approximately 150 psi. 
Examples of Such materials are Teflon, ceramics of certain 
types, or the like. 
0073. In addition, process chamber 22 may be configured 

to be hermetically sealed such that, in a closed state, the 
interior of process chamber 22 may be isolated from an ambi 
ent exterior to process chamber 22. In this manner, the pres 
sure within process chamber 22 may be regulated. More 
specifically, process chamber 22 may be pressurized to a level 
greater than, equal to, or less than the pressure of the ambient 
exterior to process chamber 22. In some cases, the lower edge 
of the cover 24 may be beveled to prevent accumulation of 
Solution on the cover. As a result, cross contamination of 
fluids between processes may be prevented. In addition, pro 
cess chamber 22 may be mounted at any angle relative to the 
position illustrated in FIG. 1. In particular, process chamber 
22 may be mounted with cover 24 above base 25 as shown in 
FIG.1, with cover 24 and base 25 side by side, or with base 25 
above cover 24. 
0074. In general, process chamber 22 may be adapted to 
provide an opening with which to load one or more wafers 
upon substrate holder 48. In particular, process chamber 22 
may include loading port 26 along chamber wall 23 as shown 
in FIG. 1. In general, one or more wafers may be loaded 
through loading port 26 via a mechanical arm installed out 
side process chamber 22. In some embodiments, process 
chamber 22 may include gate 28 arranged adjacent to loading 
port 26 to control access to the interior of process chamber 22. 
An exemplary configuration of gate 28 is illustrated in FIGS. 
2a-2c and is described in more detail below. As noted in 
reference to FIGS. 2a-2c, however, gate 28 may not be used to 
allow a wafer to be loaded therethrough, in some embodi 
ments. Rather, gate 28 may simply be adapted to provide an 
air passage to process chamber 22. As such, in some embodi 
ments, gate 28 may not be arranged adjacent to loading port 
26. In yet other embodiments, process chamber 22 may not 
include gate 28 at all. As such, in some cases, process cham 
ber 22 may include an alternative means for providing access 
to the interior of process chamber 22 such that a wafer may be 
positioned upon Substrate holder 48. For instance, in some 
cases, loading port 26 may be positioned along another por 
tion of chamber wall 23. In yet other embodiments, cover 24 
may be configured to allow a wafer to be loaded onto substrate 
holder 48. 

0075 Turning to FIGS.2a-2c, an exemplary illustration of 
gate 28 is shown. As shown in FIGS. 2a-2c, gate 28 may be 
coupled to chamber wall 23. As noted above, however, gate 28 
may alternatively be arranged adjacent to cover 24. In gen 
eral, gate 28 may provide access and/or an air passage to 
process chamber 22 as well as a manner with which to seal the 
process chamber. In particular, FIG.2a illustrates gate 28 in a 
position to provide access to process chamber 22 Such that 
one or more wafers may be loaded therein. FIG. 2b, on the 
other hand, illustrates gate 28 in a position to provide an air 
passage to process chamber 22 while prohibiting fluid within 
the process chamber from escaping through gate 28. The 
position of gate 28 to seal process chamber 22 is illustrated in 
FIG. 2C. 

0076. In general, gate 28 may include gate latch 30 and 
gate casing 32. As shown in FIGS.2a-2c, gate latch 30 may be 
interposed between chamber wall 23 and gate casing 32. Gate 
casing 32 may have opening 34 and may be arranged such that 
opening 34 is spaced laterally adjacent to opening 26 within 
chamber wall 23. In some embodiments, gate casing 32 may 
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be arranged such that openings 34 and 26 are in direct lateral 
alignment with each other as shown in FIGS. 2a-2c. In such 
an embodiment, openings 34 and 26 may include dimensions 
large enough to allow one or more wafers to be loaded within 
the process chamber. In yet other embodiments, openings 34 
and 26 may not necessarily need to have dimensions that 
large. In particular, openings 34 and 26 may not necessarily 
need to have dimensions large enough to allow one or more 
wafers to be loaded within the process chamber when gate 28 
is simply used to provide an air passage to process chamber 
22 as described in more detail below. In such an embodiment, 
openings 34 and 26 may not necessarily be in direct lateral 
alignment with each other. 
0077. In general, gate latch 30 may be configured to align 
barriers 36 and 38 with the openings 34 and 26, respectively. 
Such a configuration may include sliding gate latch 30 
between chamber wall 23 and gate casing 32. Although FIGS. 
2a and 2b indicate that such a sliding movement is started 
with gate latch 30 positioned below openings 34 and 26, gate 
latch 30 may alternatively be positioned above the openings 
prior to Such a movement. In yet other embodiments, gate 
latch 30 may have barriers 36 and 38 permanently located in 
lateral alignment with openings 34 and 26. In Such an 
embodiment, gate latch 30 may not be used to load a wafer 
into process chamber 22. Rather, gate latch 30 may simply be 
used to provide an air passage to process chamber 22 and/or 
seal process chamber 22. In any case, when barriers 36 and 38 
are respectively aligned with openings 34 and 26, the portion 
of gate latch 30 comprising barriers 36 and 38 may be con 
figured to provide an air passage to process chamber 22 as 
shown by dotted line 40 in FIG.2b or may be configured to 
move such that the two openings are sealed as shown in FIG. 
2c. As noted above, the position illustrated in FIG. 2b may 
provide an air passage to process chamber 22 while prohib 
iting fluid within the process chamber from escaping through 
gate latch 30. In this manner, gate latch 30 may offer a manner 
with which to provide air to process chamber 22 while pro 
cessing a wafer therein. Processes employing Such an air 
passage may include, for example, a drying process. In some 
embodiments, process chamber 22 may employ a vacuum 
with which to draw air from the air passage. 
0078. In any case, a method for processing a microelec 
tronic topography within a process chamber having a gate 
similar to gate 28 is depicted in FIG. 3. In particular, FIG. 3 
illustrates a method which includes loading a microelectronic 
topography into a process chamber as shown in step 42. 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. The method may 
further include sealing an opening of the process chamber 
with a gate as shown in step 43. In some cases, the gate may 
be used to seal the loading port of the chamber. As such, in 
Some embodiments, 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. In other embodiments, how 
ever, the gate may be used to seal an opening of the chamber 
which is distinct from the loading port of the chamber. In 
either case, the method may further include step 44 in which 
the microelectronic topography is exposed to a first set of 
process steps. In some embodiments, the first set of process 
steps may include electrolessly depositing a layer upon the 
microelectronic topography as well as process steps con 
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ducted prior to or Subsequent to an electroless deposition 
process. However, the method is not restricted to Such process 
steps. 
0079. As noted in FIG. 3, the method may continue onto 
step 45 in which the gate is opened Such that an air passage is 
provided to the process chamber. The microelectronic topog 
raphy may then be exposed to a second set of process steps 
without allowing liquids within the process chamber to flow 
through the air passage as indicated in step 46. 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 first and second 
set of process steps as indicated in step 47. In cases in which 
the loading port of the process chamber is surrounded by the 
gate casing comprising the gate, the step of removing may 
include moving the gate such that barriers of the gate do not 
block the opening of the process chamber. 
0080 Returning to FIG. 1, process chamber 22 may 
include substrate holder 48 with which to support a wafer. In 
particular, substrate holder 48 may include platen 50 Sup 
ported by shaft 52, which passes through base 25 of process 
chamber 22. Although substrate holder 48 is shown to hold a 
single wafer, other substrate holders configured to hold mul 
tiple wafers may be alternatively arranged included within 
process chamber 22. As such, process chamber 22 is not 
restricted to processing a single wafer. Rather, process cham 
ber 22 may be either adapted for batch processing (i.e., pro 
cessing multiple wafers at once) or may be adapted to process 
wafers sequentially (i.e., processing one wafer at a time). In 
any case, Substrate holder 48 may be arranged such that a 
wafer may be positioned horizontally as shown in FIG.1. In 
other embodiments, substrate holder 48 may bearranged such 
that a wafer is positioned vertically. In yet other cases, Sub 
strate holder 48 may be arranged to have wafers positioned at 
an angle between 0° and 90° relative to base 25. 
0081. In either case, substrate holder 48 may be configured 

to rotate. In particular, the outer end of shaft 52 may be rigidly 
coupled to gear wheel 53, which may be driven into rotation 
by motor 54. More specifically, the output shaft of motor 54 
may be coupled to gear wheel 55 and gear wheels 53 and 55 
may be interconnected via a synchronization belt 56 such that 
shaft 52 and, thus, substrate holder 48 may be rotated. Such an 
adaptation to rotate may advantageously allow process fluids 
introduced into process chamber 22 to be uniformly distrib 
uted across an entire wafer. As a result, the treatment per 
formed upon the wafer may be more uniform. It is noted that 
the arrangement of the components with which to rotate Sub 
strate holder 48 in FIG. 1 is merely an exemplary configura 
tion. As such, other configurations for rotating Substrate hold 
ers known in the microelectronic fabrication industry may be 
used within system 20. In yet other embodiments, substrate 
holder 48 may not be configured to rotate. Rather, process 
chamber 22 may include other means with which to rotate a 
wafer. Alternatively, process chamber 22 may not be config 
ured to rotate a wafer at all. 

0082 In some cases, substrate holder 48 may be config 
ured to secure a wafer such that movement of the wafer 
relative to the substrate holder is minimized. An exemplary 
Substrate holder having Such a configuration is shown in FIG. 
4. In particular, FIG. 4 illustrates a cross-sectional view of 
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substrate holder 48 securing wafer W above platen 50 by 
means of clamping jaw 58. It is noted that illustration of the 
Substrate holder in FIG. 4 is merely an exemplary configura 
tion of a substrate holder that may be included within the 
process chamber described herein. In no way is process 
chamber 22 is restricted to the inclusion of Such a configura 
tion. Consequently, process chamber 22 may additionally or 
alternatively include several other substrate holder configu 
rations with which to support a wafer. For example, substrate 
holder 48 may, in some embodiments, include a vacuum 
activated mechanism with which to secure a wafer to the 
substrate holder. 

I0083. As shown in FIG. 4, clamping jaw 58 may be 
arranged along the edge of Substrate holder 48 Such that the 
edge of wafer W is secured. It is noted that clamping jaw 58 
may be one of a plurality of clampingjaws arranged along the 
periphery of substrate holder 48, but only one clampingjaw is 
shown in FIG. 4 to simplify the drawing. As such, in some 
embodiments, the substrate holder illustrated in FIG. 4 may 
also include a clamping jaw along the opposite edge of Sub 
strate holder, although substrate holder 48 is not restricted to 
Such a configuration. In general, the number of clampingjaws 
to include within a substrate holder may depend on the size of 
the wafer to be processed and/or the type of processing to be 
conducted within the process chamber. For example, in some 
cases, the number of clamping jaws may be optimized Such 
that a wafer may be secured without having Superfluous num 
ber of jaws with which to complicate the substrate holder 
configuration. In general, the plurality of clamping jaws may 
have a Substantially similar configuration as clampingjaw 58. 
In addition, the plurality clamping jaws may be uniformly or 
non-uniformly arranged about the periphery of Substrate 
holder 48. 

I0084. In some embodiments, clamping jaw 58 may be 
configured to secure wafer W when platen 50 includes move 
able platen 60 arranged above fixed base platen 61. In other 
embodiments, however, the adaptations of platens 60 and 61 
may be reversed. In particular, platen 50 may include a fixed 
platen arranged above a moveable platen. Although the con 
figuration of clamping jaw 58 to secure wafer W upon sub 
strate holder 48 is described below in reference to platen 60 
being moveable and platen 61 being fixed, clampingjaw 58 is 
not restricted to such a configuration. In particular, clamping 
jaw 58 may be modified to accommodate the alternative adap 
tations of platens 60 and 61. In this manner, the concept of 
using a clamping jaw having the configuration described 
herein may be used in either case. 
I0085. In some embodiments, substrate holder 48 may be 
configured to receive wafer W directly upon moveable platen 
60. In yet other embodiments, however, substrate holder 48 
may be configured to support wafer Wabove moveable platen 
60. For example, in some embodiments, substrate holder 48 
may include annular seal 62 arranged upon moveable platen 
60 and configured to receive wafer W. as shown FIG. 4. Such 
an annular seal may be used to seal the backside of wafer W 
to moveable platen 60 Such that process Solutions used during 
treatment of the front side of the wafer do not contaminate the 
backside of the wafer. In any case, the area above moveable 
platen 60 and extending in from clamping jaw 58 to the other 
end of substrate holder 48 may be referred to as a “wafer 
receiving region, as used herein. As shown in FIG.4, shaft 52 
may include a central hole through which rod 63 may be 
inserted and configured to slide through. The upper end of rod 
63 may be coupled to the bottom of the movable platen 61 
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such that when an upward force is applied to rod 63, moveable 
platen 60 may rise relative to fixed base platen 61 as shown in 
FIG. 4. In some embodiments, substrate holder 48 may 
include pins 64 rigidly supported in fixed base platen 61 and 
slidingly inserted within openings of moveable platen 60. 
Such pins may be configured to further support wafer W when 
moveable platen 60 is lowered toward fixed base platen 61. In 
yet other cases, Substrate holder 48 may not include pins. 
I0086. In any case, clamping jaw 58 may be configured to 
move upon raising moveable platen 60 such that wafer W may 
be secured. More specifically, clamping jaw 58 may include 
lever 65 pivotally coupled to support member 66, which may 
be rigidly attached to fixed base platen 61. In a preferred 
embodiment, lever 65 may include portion 67, which is piv 
otally coupled to support member 66, and portion 68 extend 
ing outward from support member 66. In this manner, lever 65 
may be tilted upon raising moveable platen 60. In some cases, 
portion 67 may be lighter and/or shorter than portion 68 to 
augment such a tilting motion. In yet other embodiments, 
however, there may not be a weight or length distinction 
between portions 67 and 68. As shown in FIG.4, portion 67 
may include lip 69 extending inward from support member 
66. Upon tilting lever 65, lip 69 may extend beyond the 
periphery of wafer W such that vertical motion of the wafer is 
minimized or prohibited. In some cases, lip 69 may extend to 
a level spaced above wafer W. Such an adaptation may be 
particularly advantageous for minimizing the amount of dam 
age sustained to the edge of wafer Was shown in FIG. 4. In yet 
other embodiments, however, lip 69 may come into contact 
with wafer W. In either case, support member 66 may be 
positioned such that the lateral movement of wafer W is 
minimized. In this manner, the vertical and lateral movement 
of wafer W may be minimized through the use of clamping 
jaw 58. 
0087. Returning back to FIG. 1, system 20 may include 
one or more Supply lines with which to Supply various fluids 
to process chamber 22. In addition, System 20 may include 
one or more reservoirs with which to store such fluids. As 
noted above, process chamber 22 may be used for any micro 
electronic fabrication process, including but not limited to, 
depositing, etching, activating, polishing, cleaning, rinsing. 
drying, or any combination of Such processes. As such, the 
various fluids Supplied to process chamber 22 may include 
any fluids, including liquids and/or gases, used for the fabri 
cation of a microelectronic device. In some cases, however, 
the various fluids may be associated with processes that treat 
a microelectronic topography prior to, during, and/or Subse 
quent to an electroless deposition process. For example, res 
ervoir 70 may include an electroless deposition solution, 
while auxiliary tanks 72a, 72b, and 72c may include fluids for 
the treatment of a wafer prior to or Subsequent to an electro 
less deposition process. More specifically, auxiliary tanks 
72a, 72b, and 72c may include various fluids used for the 
activation, cleaning, rinsing, and/or drying of a microelec 
tronic topography prior to or Subsequent to an electroless 
deposition process. In yet other embodiments, however, res 
ervoir 70 and auxiliary tanks 72a, 72b, and 72c may be used 
to store fluids for microelectronic fabrication processes other 
than those associated with an electroless deposition process. 
0088. It is noted that system 20 is not restricted to the 
aforementioned designation of chemicals for reservoir 70 and 
auxiliary tanks 72a, 72b, and 72c. In particular, reservoir 70 
may include may include any of the various fluids used for the 
activation, cleaning, rinsing, and/or drying of a microelec 
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tronic topography prior to or Subsequent to an electroless 
deposition. In addition, any of auxiliary tanks 72a, 72b, and 
72c may include a deposition Solution. Furthermore, system 
20 may be adapted to provide additional deposition solutions 
to process chamber 22 in some embodiments. In particular, 
system 20 may include a plurality of reservoirs and Supply 
lines for Supplying deposition Solutions to process chamber 
22, including solutions for electroless deposition and non 
electroless deposition. In this manner, process chamber 22 
may be used for depositing different materials upon a wafer 
without having to take the wafer out of the chamber. 
I0089. As shown in FIG. 1, reservoir 70 and auxiliary tanks 
72a, 72b, and 72c may be coupled to inlet ports of process 
chamber 22 via supply lines. In particular, reservoir 70 may 
be coupled to supply line 74 and auxiliary tanks 72a, 72b, and 
72c may be coupled to supply lines 76a, 76b, and 76c. In some 
cases, reservoir 70 may be further coupled to supply line 75, 
which is connected to the bottom of the process chamber 22. 
Such an additional Supply line may offer an alternative 
method or additional means with which to introduce the fluid 
from reservoir 70. For example, supply line 75, in some 
embodiments, may be coupled to an inlet adapted to indi 
rectly project a fluid on a wafer residing on substrate holder 
48. Such an adaptation is described in more detail below with 
reference to the means for distributing fluids into process 
chamber 22. 

0090. In some cases, system 20 may include supply lines 
other than the ones coupled to reservoir 70 and auxiliary tanks 
72a, 72b, and 72c. For example, system 20 may include 
Supply line 78 for Supplying a rinsing solution, such as deion 
ized water, to process chamber 22. In addition or alternatively, 
system 20 may include one or more Supply lines, such as 
Supply line 80, for Supplying a compressed gas to process 
chamber 22. In some embodiments, the compressed gas may 
be inert and may be used to simply further pressurize process 
chamber 22 as discussed in more detail below. In yet other 
embodiments, Supply line 80 may be used to Supply a chemi 
cal reagent gas with which to process the wafer. In some 
cases, a plasma may be generated within process chamber 22 
using the reagent gas. In such an embodiment, process cham 
ber 22 may include an ionizing coil with which to form the 
plasma. In yet other embodiments, a wafer may be treated 
with reagent gas in its gas phase. 
0091 Consequently, the reference of “fluids' to process a 
microelectronic topography, as used herein, may refer to liq 
uids, gases, or plasmas, including gases in a standard State or 
an excited State (i.e., a photon-activated gas state). The fluids 
in any of such states of matter may be used at pressures below, 
at, or above atmospheric pressure as well as at temperatures 
associated with the respective process step of the fabrication 
process. In any case, the fluid introduced through Supply line 
80 may, in some embodiments, be used to dry a wafer 
arranged within process chamber 22. In yet other embodi 
ments, supply line 80 may not be used to dry a wafer. In any 
case, Supply lines which are coupled to a moving part of 
process chamber 22, Such as cover 24, for example, the Supply 
lines may be made in the form of hoses or other flexible 
pipings. 
0092 Although supply lines 78 and 80 are shown coupled 
to cover 24 in FIG.1, supply lines 78 and 80, as well as supply 
lines 74, 75,76a, 76b, and 76C may be coupled at any location 
along process chamber 22. In addition or alternatively, Supply 
lines 78 and 80 may be coupled to other inlets of process 
chamber 22. For example, supply line 78 may be additionally 
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or alternatively coupled to dispensing arm 94 as shown in 
FIG. 1. Furthermore, although supply lines 78 and 80 are 
specifically referenced as respectively Supplying a rinsing 
Solution and compressed gas to process chamber 22, the lines 
are not restricted to such a function. Rather, supply lines 78 
and 80 may be used to supply any type of fluid to process 
chamber 22. In yet other embodiments, supply lines 78 and/or 
80 may be omitted from process chamber 22. Similarly, any 
of supply lines 74, 75, 76a, 76b, and 76c may be used to 
Supply any type of fluid to process chamber 22 or may, alter 
natively, be omitted from process chamber 22. 
0093. In either case, the processes conducted within pro 
cess chamber 22 may include single or multi-phase opera 
tions. More specifically, the processes conducted within pro 
cess chamber 22 may employ a single phase operation, Such 
as one primarily comprising a liquid, a gas, or a plasma. 
Alternatively, the processes conducted within process cham 
ber 22 may use a multi-phase operation, having a combina 
tion of liquid, gas, and/or plasma. In some embodiments, 
employing a single liquid phase environment may offer a 
manner with which to control the pressure within process 
chamber 22. The benefits of controlling pressure within pro 
cess chamber 22 is described in more detail below. In general, 
however, increasing the pressure within process chamber 22 
will increase the boiling point of a solution used within the 
chamber and may consequently increase the reaction rate of 
the process within process chamber 22. 
0094. A method for electrolessly depositing a layer upon a 
microelectronic topography in single liquid phase environ 
ment is illustrated in FIG. 5. In general, the method may 
include loading the microelectronic topography into an elec 
troless deposition chamber and sealing the deposition cham 
ber to form an enclosed area about the topography as shown 
in steps 82 and 83, respectively. The method may continue to 
step 84 in which the entirety of the enclosed area is filled with 
a deposition solution Such that no gas is present. In particular, 
the step of filling may include introducing the deposition 
Solution at a first inlet flow rate and narrowing one or more 
outlet passages of the electroless deposition chamber Such 
that a composite first dispensing flow rate of the deposition 
solution through the outlets is less than the first inlet flow rate. 
In general, the flow rates of the fluid in the inlet passages and 
outlet passages may be controlled by a fluid flow controller 
coupled to process chamber 22. It is noted that the first inlet 
flow rate may be introduced through one or more inlets of the 
chamber. Such a process of filling may pressurize 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 may 
include heating the deposition Solution to a temperature less 
than approximately 25% below the boiling point of the depo 
sition solution to increase a reaction rate of the deposition 
Solution with the microelectronic topography. Consequently, 
pressurizing the enclosed area of the process chamber may, in 
Some embodiments, aid in increasing the deposition rate of 
the process. 
0095. In any case, the method may, in some embodiments, 
include replenishing the deposition Solution within the 
enclosed area as shown in step 85. 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 flow rate of the deposition Solution 
through the outlets is substantially equal to the first inlet flow 
rate of the deposition solution. Alternatively, the step of 
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replenishing may include decreasing the first inlet flow rate of 
the deposition solution to a second inlet flow rate that is 
substantially equal to the first dispensing flow rate of the 
deposition solution through outlets of the process chamber. In 
yet other embodiments, the step of replenishing may include 
decreasing the first inlet flow rate of the deposition solution to 
the process chamber to a second inlet flow rate and widening 
one or more of the outlet passages to a composite second 
dispensing flow rate, wherein the composite second dispens 
ing flow rate is substantially equal to the second inlet flow 
rate. 

0096. An exemplary configuration of process chamber 22 
adapted to expose a microelectronic topography to a single 
phase process is illustrated in FIGS. 6a-6d. As noted above, 
process chamber 22 may be adapted to perform a succession 
of different process steps. As such, although process chamber 
22 is shown in FIG. 6a-6d without any of the auxiliary com 
ponents described in reference to FIG.1, the process chamber 
shown in FIG. 6a-6d may be coupled to such components. In 
particular, the process chamber 22 illustrated in FIGS. 6a-6d 
may be coupled to Supply lines, exhaust lines, temperature 
and pressure gauges and controls, storage tanks, and a CPU 
unit. In addition or alternatively, the process chamber illus 
trated in FIG. 6a-6d may include a plurality of input ports, 
such as but not limited to shower element 92 and dispensing 
arm 94. The exclusion of such components within FIGS. 
6a-6d is merely to simplify the illustration of the drawings 
and, therefore, does not necessarily indicate the absence of 
such components. Consequently, the process chamber illus 
trated in FIG. 6a-6d is not necessarily restricted to processing 
a microelectronic topography solely with the use of a reser 
voir as described in more detail below. Rather, the description 
of process chamber 22 in reference to FIGS. 6a-6d simply 
offers one method of a plurality of methods with which to 
treat a topography within the process chamber. 
0097 Substrate holder 48 is shown within process cham 
ber 22 in FIG. 6a-6d to aid in describing the adaptations of the 
chamber. Such a substrate holder may be substantially similar 
to the substrate holder depicted in FIG. 1 and, therefore, may 
include similar components and adaptations of the holder as 
described above. As shown in FIG. 6a, process chamber 22 
may include reservoir 170 arranged above substrate holder 
48. Alternatively, reservoir 170 may be arranged below sub 
strate holder 48. In such an embodiment, process chamber 22 
may be adapted to have wafer Warranged “face down” for 
processing. In other words, substrate holder 48 may be 
adapted to holder wafer W in a manner such that the side of 
the wafer to be treated is facing reservoir 170. In yet another 
embodiment, reservoir 170 and substrate holder 48 may be 
oriented perpendicular to the arrangement shown in FIGS. 
6a-6d. In particular, substrate holder 48 may be oriented such 
that the upper surface of the substrate holder is parallel with 
the sidewalls of process chamber 22. In this manner, wafer W 
may be arranged vertically within process chamber 22. In 
such an embodiment, reservoir 170 may be arranged to the 
right or left of substrate holder 48. Consequently, process 
chamber 22 may be adapted to move reservoir 170 in a hori 
Zontal direction in Such a case. 

0098. In any case, reservoir 170 may be adapted to hold a 
fluid for processing a microelectronic topography. In some 
cases, the fluid may be a single phase fluid, such as a liquid or 
a gas. In other embodiments, however, reservoir 170 may be 
adapted to hold multi-phase fluids. In either case, process 
chamber 22 may be adapted to replenish the fluid within 
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reservoir 170 such that fluid may retain its processing prop 
erties. For example, in some cases process chamber 22 may 
include inlet 176 and outlet 178 coupled to reservoir 170. In 
Some embodiments, the fluid may be recycled through Such 
an inlet and outlet. In any case, the replenishing of the fluid in 
reservoir 170 may be conducted prior to, during, or subse 
quent to a processing step of the chamber. 
0099. In some embodiments, process chamber 22 may be 
adapted to move reservoir 170 relative to substrate holder 48 
as noted by the bi-directional arrow in FIG. 6a. In particular, 
process chamber 22 may include moveable shaft 171 to which 
reservoir 170 is attached, or more specifically, hatch 172 of 
reservoir 170 is attached. In some embodiments, process 
chamber 22 may be adapted to position reservoir 170 in 
contact with substrate holder 48 as shown in FIG. 6b. In other 
embodiments, however, process chamber 22 may be adapted 
to position reservoir 170 upon a microelectronic topography 
residing on Substrate holder 48. In either case, the adaptation 
of process chamber 22 to move reservoir 170 toward substrate 
holder 48 may allow an enclosed area to be formed about a 
portion of substrate holder 48, particularly in an area in which 
a microelectronic topography may be arranged. In this man 
ner, process chamber 22 may be adapted to position reservoir 
170 proximate to substrate holder 48 such that a fluid stored in 
reservoir 170 may be used to process a microelectronic topog 
raphy arranged upon the Substrate holder. 
0100. As shown in FIG. 6b, process chamber 22 may be 
further adapted to raise hatch 172 of reservoir 170 as well as 
open valves 174 of reservoir 170 upon positioning the reser 
voir proximate to substrate holder 48. Consequently, the tran 
sition between FIGS. 6a and 6b may illustrate the movement 
of reservoir 170 as a whole toward substrate holder 48 and 
FIG. 6b may illustrate the raising of hatch 172 and the open 
ing of valves 174. In an alternative embodiment, hatch 172 
may be adapted to open rather than be raised. In particular, 
hatch 172 may include a shutter window aligned with the 
region of substrate holder 48 upon which a wafer may be 
arranged. In any case, raising and/or opening hatch 172 may 
allow a microelectronic topography arranged upon Substrate 
holder 48 to be exposed to fluid stored within reservoir 170, 
allowing treatment of the microelectronic topography to start. 
Opening valves 174 may additionally or alternatively serve to 
expose a wafer to a fluid stored within reservoir 170. In 
general, the treatment process conducted within process 
chamber 22 may include any process step of a fabrication 
sequence for a microelectronic device, including but not lim 
ited to etching, depositing, cleaning, activating, and/or dry 
ing. In some embodiments, the configuration of process 
chamber 22 may be particularly advantageous for an electro 
less deposition process. 
0101. In any case, hatch 172 may be formed from a poly 
mer or any other material used in microelectronic fabrication 
for reservoirs. In some embodiments, hatch 172 may made of 
a permeable material. Such as synthetic membranes, such that 
ions within the fluid of reservoir 170 may be distributed upon 
wafer W when hatch 172 is aligned with the base of reservoir 
170. Such a configuration may be particularly advantageous 
for embodiments in which an electroless deposition process is 
conducted within process chamber 22. In some embodiments, 
hatch 172 may further include a polymer shutter window to 
prevent the distribution of ions through the permeable mate 
rial for processes conducted prior to or Subsequent to the 
electroless deposition process. In any case, hatch 172 may be 
configured to have a length (e.g. a diameter) which allows a 
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Substantial portion of a wafer arranged upon Substrate holder 
48 to be exposed to a fluid stored within reservoir 170. For 
example, in Some cases, latch 172 may include a length which 
is substantially similar to the diameter of a wafer as shown in 
FIG. 6b. In other embodiments, however, latch 172 may have 
a length which is longer than the diameter of a wafer. In 
general, hatch 172 may have a plan view of any shape, includ 
ing but not limited to circles and rectangles. 
0102 Prior to the raising hatch 172, the hatch may be 
detached from the sidewalls of reservoir 170 to allow the 
reservoir to remain proximate to substrate holder 48. In other 
cases, however, process chamber 22 may not be adapted to 
raise hatch 172 or hatch 172 may be omitted from reservoir 
170. In such an embodiment, exposing fluid stored within 
reservoir 170 to a microelectronic topography arranged upon 
substrate holder 48 may be solely achieved by opening valves 
174. In yet other embodiments, process chamber 22 may not 
be adapted to open valves or valves 174 may be omitted from 
reservoir 170. In such a case, exposing fluid stored within 
reservoir 170 to a microelectronic topography arranged upon 
substrate holder 48 may be solely achieved by raising hatch 
172. Consequently, in Some cases, process chamber 22 may 
be adapted to only raise hatch 172 or open valves 172. In 
addition, although FIGS. 6a-6d illustrate reservoir 170 
including two valves, any number of valves may be included 
within reservoir 170. Consequently, process chamber 22 is 
not restricted to the configurations depicted in FIGS. 6a-6d. 
0103) As shown in FIG. 6c, process chamber 22 may be 
adapted to continue raising hatch 172. In general, hatch 172 
may be raised to any position within reservoir 170. In some 
embodiments, it may be particularly advantageous to raise 
hatch 172 to a level mid-way within reservoir 170 when hatch 
172 is used to mix and/or agitate the fluid within the reservoir. 
In this manner, hatch 172 may be sufficiently distanced from 
the chamber walls of reservoir 170. In other cases, however, 
hatch 172 may be raised to a level other than the mid-way 
position within reservoir 170 without disturbing the sidewalls 
of the reservoir. In any case, process chamber 22 may be 
adapted to agitate the fluid stored within reservoir 170. In 
particular, process chamber 22 may be adapted to cause a 
sufficient amount of motion within reservoir 170 to prevent 
the accumulation of bubbles upon the microelectronic topog 
raphy. In some embodiments, the adaptation to agitate the 
fluid may include an adaptation to rotate hatch 172. More 
specifically, process chamber 22 may be adapted to turn shaft 
171 such that hatch 172 attached thereto may be rotated. It is 
noted that other agitation mechanisms known in microelec 
tronic fabrication or described herein may also or alterna 
tively be used to agitate the fluid within reservoir 170, 
depending on the design specifications of the process cham 
ber. In any case, the agitation of the fluid within reservoir 170 
may be conducted during or Subsequent to raising hatch 172. 
0104. Upon completion of the fabrication process step, 
hatch 172 may be lowered back down to be in alignment with 
the base of reservoir 170 as shown in FIG. 6d. In particular, 
process chamber 22 may be adapted to move shaft 171 such 
that hatch 172 is proximate to substrate holder 48. Upon 
lowering hatch 172, fluid may be forced back through valves 
174 as shown in FIG. 6d. In this manner, reservoir 170 may 
retain the process fluid used to treat the microelectronic 
topography. Subsequent to lowering hatch 172 to be in align 
ment with the base of reservoir 170, hatch 172 may be 
coupled to the base and reservoir 170 may be raised to a level 
spaced above substrate holder 48. In this manner, the wafer 
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arranged upon substrate holder 48 may be removed from 
process chamber 22 and a new wafer may be loaded therein. 
0105. Returning to FIG. 1, system 20 may include auxil 
iary equipment to further enhance the introduction of fluids to 
process chamber 22. For example, in some embodiments, 
system 20 may be adapted to control the flow rate and time at 
which a fluid is Supplied to process chamber 22. As such, 
supply lines 74, 75, 76a, 76b, 76c. 78 and 80 may include 
Solenoid valves in some cases. Operation of the Solenoid 
valves as well as other components within system 20 may be 
controlled through central processing unit (CPU) 106 as 
described in more detail below. In some embodiments, sys 
tem 20 may include heaters, coolers, and thermocouples for 
regulating the temperature of a fluid introduced into process 
chamber 22. In fact, it may be particularly advantageous to 
regulate the temperature of a solution used for an electroless 
deposition process. Typically, the deposition rate of an elec 
trolessly deposited material increases with increases in tem 
perature. Some electroless deposition Solutions, however, 
tend to decompose at or near their boiling point, causing a 
material to be non-uniformly deposited or not deposited at all. 
As such, Supply line 74 may, in Some embodiments, include 
temperature control unit 86, which is adapted to heat and 
monitor the temperature of the solution routed for reservoir 
70. In some cases, process chamber 22 may further include 
temperature sensor 87 installed in solution return line 88 and 
communicably coupled to temperature control unit 86. In yet 
other cases, reservoir 70 and/or supply line 75 may addition 
ally or alternatively include a temperature sensor or a tem 
perature control unit. 
0106. In general, the temperature of an electroless depo 
sition solution during processing may be between approxi 
mately 16° C. and approximately 120° C. However, in some 
cases, an electroless deposition solution may be maintained at 
a temperature, which is approximately 25% or less below its 
boiling temperature. Maintaining an electroless deposition 
Solution at Such a temperature may maximize the deposition 
rate of the process in some embodiments. In yet other 
embodiments, an electroless deposition Solution may be 
maintained at room temperature in order to maximize the 
uniformity of the deposition. It is noted that although the 
aforementioned temperature controls are discussed in refer 
ence to monitoring and heating a Supply line or tank for an 
electroless deposition solution, the control devices may be 
used for regulating the temperature of any fluid introduced 
into process chamber 22. As such, process chamber 22 may, 
in some embodiments, additionally or alternatively include 
temperature control devices within auxiliary tanks 72a, 72b, 
72c and/or supply lines 76a, 76b, 76c. 78, 80. 
0107. In some embodiments, system 20 may additionally 
or alternatively be adapted to heat and/or cool substrate 
holder 48. Such an adaptation may be particularly advanta 
geous for improving the deposition rate and uniformity of an 
electroless deposition process. For example, heating Sub 
strate holder 48 and, thus, the wafer residing thereon, during 
a deposition process may advantageously increase the depo 
sition rate of a process. In such an embodiment, the relatively 
high deposition rate may be realized while the electroless 
deposition solution is Supplied to process chamber 22 at a 
relatively low temperature, preventing the solution from 
decomposing. In addition, an adaptation to cool a substrate 
may offer a manner with which to immediately terminate a 
deposition process and, thus, allow for more control over the 
amount deposited upon the Substrate. For an efficient depo 
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sition of metals from an electroless deposition solution, the 
temperature on the Surface of the wafer Supported upon Sub 
strate holder 48 may be maintained between approximately 
16°C. and approximately 120° C. Larger or smaller substrate 
temperatures, however, may be used, depending on the mate 
rial to be deposited. 
0108. In some embodiments, the adaptation to heat and/or 
coola wafer may be incorporated within substrate holder 48. 
In particular, an electric heater and/or a circulation-fluid 
cooler may be built into the body of substrate holder 48. In yet 
other embodiments, substrate holder 48 may include a 
Peltier-type cooler/heater which is adapted to serve the dual 
roles of heating and cooling the Substrate holder. In particular, 
the Peltier-type cooler/heater may include a package of two 
semiconductor plates that operate on the principle of gener 
ating heat when current flows in one direction and absorbing 
heat when current flows in the opposite direction. Descrip 
tions and illustrations of mechanisms used to heat and/or cool 
a substrate holder may be found in U.S. patent application 
Ser. No. 10/242,331 and is incorporated by reference as if 
fully set forth herein. 
0109 As noted above, the components lining chamber 
walls 23, cover 24, and base 25 may be adapted to hermeti 
cally seal process chamber. Consequently, process chamber 
22 may be pressurized in some embodiments. In some cases, 
it may be advantageous to regulate the pressure within pro 
cess chamber 22 and, therefore, in Some embodiments, pro 
cess chamber 22 may include pressure sensor 89. Although 
pressure sensor 89 is shown arranged within supply line 80 in 
FIG. 1, pressure sensor 89 may be located within any other 
supply line of system 20 or within process chamber 22. In 
Some embodiments, it may be advantageous to pressurize 
process chamber 22 to a predetermined value through the use 
of supply lines 74, 75,76a, 76b,76c, 78,80, and/or outlets of 
the process chamber. In particular, it may be advantageous to 
pressurize process chamber 22 to a level. Such as between 
approximately 5 psi and approximately 100 psi, or more 
specifically, to approximately 50 psi. Larger or Smaller values 
of pressure may be generated within process chamber 22, 
however, depending on the process parameters of the device 
being fabricated and the operational parameters of system 20. 
In general, increasing the pressure within process chamber 22 
may increase the boiling point of the fluids supplied to the 
chamber during processing of a wafer in the chamber. As 
noted above, the deposition rate of an electroless deposition 
Solution typically increases with increases in temperature, but 
tends to decompose at or near its boiling point, causing a 
material to be non-uniformly deposited or not deposited at all. 
AS Such, increasing the pressure within process chamber 22 
may advantageously allow a material to be deposited faster 
and, in some cases, more uniformly. 
0110. In addition to increasing the boiling point of a pro 
cessing fluid, increasing the pressure within process chamber 
22 may advantageously minimize the generation of bubbles 
upon a wafer during processing. In particular, increasing the 
pressure within process chamber 22 may decrease the gen 
eration of hydrogen atoms within the reaction of the electro 
less deposition process, thereby decreasing the number of 
bubbles to accumulate upon the wafer being processed within 
the chamber. As noted above, the accumulation of bubbles 
upon a wafer Surface during processing may undesirably 
cause a microelectronic topography to be processed non 
uniformly, potentially producing device features with dimen 
sions out of the design specification of the device. In some 
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cases, a microelectronic topography may be wetted with a 
fluid comprising a Surfactant prior to exposing the topography 
to the fluids with which to process the topography to reduce 
the accumulation of bubbles on the surface of the topography. 
For example, a microelectronic topography may be wetted 
with a fluid comprising polyethylene glycol Such that unwet 
table portions of the topography may be transposed into por 
tions adapted to be wetted by Subsequent processing fluids. 
Increasing the wettability of the microelectronic Surface may 
advantageously reduce the generation and accumulation of 
bubbles upon the microelectronic topography during process 
1ng 

0111. Another manner with which to minimize the accu 
mulation bubbles on a wafer during processing is to agitate 
the fluid used to process the wafer. Consequently, in some 
embodiments, process chamber 22 may include a means with 
which to agitate fluids supplied to the chamber. For example, 
process chamber 22 may include means 90 arranged within 
process chamber 22 as shown in FIG.1. In particular, means 
90 may be arranged at a level above substrate holder 48. 
Alternatively, means 90 may be arranged at a level below 
substrate holder 48. In yet other embodiments, means 90 may 
be coupled to substrate holder 48. In some cases, means 90 
may include a transducer adapted to provide acoustic waves 
to a fluid used to process a wafer within the chamber. For 
example, the transducer may be adapted to provide ultrasonic 
or megaSonic waves. In either case, the transducer may be 
arranged such that the acoustic waves are propagated parallel 
or perpendicular to a treating surface of the wafer. In yet other 
embodiments, the transducer may be arranged Such that the 
acoustic waves are propagated at an angle between approxi 
mately 0° and approximately 90° relative to a treating surface 
of the wafer. The “treating surface' of a wafer, as used herein, 
may refer to the surface of the wafer at which fluids are 
introduced to fabricate features upon the wafer. Although 
means 90 is shown arranged within process chamber 22 in 
FIG. 1, process chamber 22 may additionally or alternatively 
include a transducer within any of the Supply lines coupled to 
process chamber 22. In yet other embodiments, process 
chamber 22 may not include a transducer with which to 
provide acoustic waves. 
0112. In any case, means 90 may, in some embodiments, 
additionally or alternatively include a device configured to 
move across an enclosed region of process chamber 22. More 
specifically, means 90 may include a device configured to 
move across the region directly above substrate holder 48. In 
this manner, the device may be configured to move across a 
wafer being processed within process chamber 22. In some 
embodiments, the device may be configured to come into 
contact with the wafer. In other embodiments, however, the 
device may be configured to not come into contact with the 
wafer. In particular, the device may be configured to traverse 
the enclosed region at a level spaced above the wafer when 
contact with the device may cause damage to the wafer. In 
Some embodiments, the device may be configured to distrib 
ute one or more fluids toward substrate holder 48 such that a 
wafer may be processed. In this manner, the device may serve 
as a fluid inlet to process chamber 22. In some cases, it may be 
particularly advantageous for the device to deliver fluids at a 
rate sufficient to eliminate the “loading effect” during pro 
cessing. The “loading effect, as used herein, may refer to the 
higher rate of consumption of active components within a 
fluid in high density areas of a wafer as compared to the rate 
of consumption in areas with a lower density of features. For 
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example, Sulfuric acid may be consumed faster in a region 
comprising a high density of copper interconnects as com 
pared to a region of a wafer comprising a few or no copper 
interconnects. In yet other cases, the device may not be 
adapted to dispense a fluid, but rather, may simply be used to 
agitate the fluid above substrate holder 48. 
0113. In any case, the device may include any mechanism 
which may cause a Sufficient amount of agitation with which 
to remove and/or prevent the accumulation of bubbles on the 
surface of the underlying wafer. In a preferred embodiment, 
the adaptation to agitate may be sufficient to cause laminar 
agitation rather than turbulent agitation. Turbulent agitation 
may undesirably cause processing to be non-uniform across a 
wafer, while laminar agitation may be sufficient to remove 
and/or prevent the accumulation of bubbles on the wafer 
surface and not affect the uniformity of the process. As noted 
above, the device may be configured to dispense one or more 
fluids. Such an adaptation may be used to agitate the fluid 
above substrate holder 48 in some embodiments. Other man 
ners for agitating the fluid, however, may additionally or 
alternatively be used. For example, in some embodiments, the 
device may include a brush with a plurality of bristles to stir 
the fluid within process chamber 22. Alternatively, the device 
may simply include a single rod, block, or plate. In some 
embodiments, the device may include a propeller. In this 
manner, a high fluid flow rate may be induced about the 
Substrate Surface without utilizing a complex system of high 
pressure pumps and tubing. Consequently, it is noted that the 
device may include any design and may traverse at any speed 
sufficient to cause a disturbance with which to minimize the 
number of bubbles on a wafer surface. In yet other cases, 
however, process chamber 22 may not include Such a device. 
0114 Regardless of whether means 90 includes the afore 
mentioned device or a transducer, means 90 may offer a 
means of agitating a fluid within process chamber 22 that is 
distinct from the inlets used to supply the fluid. As will be 
described in more detail below, fluids may be introduced into 
process chamber 22 through either shower element 92, dis 
pense arm 94, or any other inlet ports coupled to Supply lines 
74, 75, 76a, 76b, 76c. 78, and/or 80. As such, means 90 may 
offer a manner with which to agitate process fluids which are 
independent from shower element 92, dispense arm 94, and/ 
or any other inlet ports coupled to supply lines 74, 75, 76a, 
76b, 76c, 78, and/or 80. In some embodiments, however, 
process chamber 22 may not include means 90. 
0.115. In any case, shower element 92, dispense arm 94, 
and/or the inlet ports coupled to supply lines 74, 75,76a, 76b, 
76c. 78, and/or 80 may additionally or alternatively serve to 
agitate a process fluid arranged within process chamber 22. 
More specifically, shower element 92, dispense arm 94, and/ 
ortheinlet ports coupled to supply lines 74, 75,76a, 76b, 76c, 
78, and/or 80 may, in some embodiments, be adapted to 
introduce a fluid into process chamber 22 at a sufficient rate 
with which to agitate the fluid within the chamber. For 
example, in Some embodiments, shower element 92, dispense 
arm 94, and/or the inlet ports coupled to supply lines 74, 75. 
76a, 76b, 76c. 78, and/or 80 may be adapted to introduce a 
fluid at a rate between approximately 0.01 gallons perminute 
(gpm) and approximately 10 gpm, or more specifically, 
between approximately 0.1 gpm and approximately 10 gpm. 
However, larger or Smaller flow rates may be used, depending 
on the process parameters of the device being fabricated and 
the operational parameters of system 20. In addition or alter 
natively, shower element 92, dispense arm 94, and/or the inlet 
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ports coupled to supply lines 74, 75,76a, 76b, 76c,78, and/or 
80 may be adapted to pulse the introduction of a fluid into 
process chamber 22. Such a pulsation may be at a frequency 
between approximately 0.1 Hz and approximately 10 Hz, or 
more specifically, between approximately 1.0 Hz and 
approximately 10 HZ. Larger or Smaller frequencies may be 
used, however, depending on the process parameters of the 
device being fabricated and the operational parameters of 
system 20. 
0116 Regardless of the method used to agitate a fluid 
within process chamber 22, the motion created within process 
chamber 22 is preferably sufficient to minimize the genera 
tion and/or accumulation of bubbles on a wafer surface. As 
noted above, reducing the number of bubbles upon a wafer 
Surface during treatment of the wafer may significantly 
improve the uniformity of the treatment on the wafer surface. 
Consequently, the process of agitating a fluid may result in a 
wafer feature having substantially uniform dimensions. For 
example, a deposition solution used to deposit a layer upon a 
wafer may be agitated to create an amount of motion Suffi 
cient to form a layer having Substantially uniform thickness 
across the wafer. Since an electroless deposited material may 
be particularly susceptible to non-uniformity with the pres 
ence of bubbles, process chamber 22 may, in some cases, be 
specifically adapted to agitate a deposition Solution Supplied 
to the chamber. In particular, means 90, shower element 92. 
dispense arm 94, and/or the inlet ports coupled to Supply lines 
74, 75, 76a, 76b, 76c. 78, and/or 80 may be programmed to 
use their agitation adaptations when a deposition solution is 
being introduced into process chamber 22. In some cases, 
means 90, shower element 92, dispense arm 94, and/or the 
inlet ports coupled to supply lines 74, 75, 76a, 76b, 76c. 78, 
and/or 80 may be adapted to agitate other solutions associated 
with the fabrication of a microelectronic device as well. 

0117 Consequently, a method for minimizing the accu 
mulation of bubbles upon a wafer during an electroless depo 
sition process is provided herein. Sucha method is depicted in 
FIG. 7 and may include any or all of the process parameters 
listed for the components used to agitate a fluid within process 
chamber 22 as described above. As shown in FIG. 7, the 
method may include step 95 in which a wafer is loaded into an 
electroless deposition chamber. In some embodiments, the 
wafer may be loaded such that the wafer is face-up in the 
electroless deposition chamber. In general, “face-up, as used 
herein, may refer to the orientation of a wafer having a Surface 
to be treated facing upward, or more specifically, facing the 
top of a chamber. In turn, “face-down as used herein, may 
refer to the orientation of a wafer having a surface to be 
treated facing downward, or more specifically, facing the 
bottom of a chamber. Such an orientation may advanta 
geously reduce the accumulation of bubbles upon the wafer 
surface. The method depicted in FIG. 7 is not, however, 
restricted to loading a wafer in Such an orientation. As such, in 
other embodiments, the method may include loading the 
wafer face-down. In Such an embodiment, the process steps of 
pressurizing the chamber and/or agitating the process fluid, as 
described in more detail below, may serve to minimize the 
generation and accumulation of bubbles on the wafer Surface. 
0118. In any case, the method may further include sealing 
the electroless deposition chamber to form an enclosed area 
about the wafer as shown in step 96. As noted above, such a 
sealing process may serve to pressurize a chamber. In some 
embodiments, however, the method may include pressurizing 
the enclosed area to a predetermined value as noted in step 97. 
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Such a predetermined value may be between approximately 5 
psi and approximately 100psi, or more specifically, approxi 
mately 50 psi. Larger or Smaller pressures may be generated, 
however, depending on the process parameters of the device 
being fabricated and the operational parameters of system 20. 
In general, pressurizing the chamber to such values may be 
accomplished by introducing fluids into the chamber and 
restricting flow from the outlets of the chamber. 
0119. As noted above, pressurizing the chamber may 
advantageously reduce the generation and accumulation of 
bubbles on a wafer Surface during processing. As such, the 
steps of agitating the deposition Solution and pressurizing the 
chamber may collectively reduce the amount of bubbles 
formed upon the wafer during the electroless deposition pro 
cess. In embodiments in which the wafer is loaded face-up, 
the method may collectively offer three manners with which 
to reduce the amount of bubbles formed upon the wafer 
during the electroless deposition process. In yet other 
embodiments, step 97 may be omitted from the method 
depicted in FIG. 7. In such an embodiment, the step of agi 
tating may exclusively serve to minimize the generation and 
accumulation of bubbles upon a wafer Surface or may collec 
tively serve such a function when the wafer loaded face-up 
and/or the wafer is prewetted as described in reference to step 
97. 

0.120. As shown in FIG. 7, the method may, in some 
embodiments, include step 97a in which the wafer is prewet 
ted. Such a step may include introducing a substantially neu 
tral solution to the wafer such that dry spots or areas with 
surface irregularities may be wetted to prevent the formation 
of bubbles at such locations. In yet other embodiments, step 
97a may be omitted from the method. In any case, the method 
may further include Supplying a deposition solution to the 
enclosed area and agitating the deposition solution as shown 
in steps 98 and 99, respectively. As noted above, agitating step 
99 preferably includes creating a sufficient amount of motion 
Such that a layer having a Substantially uniform thickness may 
be fabricated. Such a step may include using any of the means 
for agitating a solution described above, including exposing 
the deposition Solution to acoustic waves, moving a device 
above and across a wafer, and/or distributing fluid continu 
ously or in a pulsing sequence through any of the fluid inlets 
coupled to the chamber. 
I0121. As noted above, fluids may be supplied to process 
chamber 22 through shower element 92, dispense arm 94. 
means 90 and/or any of the inlet ports coupled to supply 74, 
75,76a, 76b,76c,78, and/or 80. The fluids may include those 
used for any fabrication process of a microelectronic topog 
raphy, including processes used for depositing, etching, 
cleaning, polishing, and/or drying a topography. In some 
embodiments, the fluids may be further used to clean and/or 
dry the interior of process chamber 22. In particular, the inlet 
ports of process chamber 22 may be adapted to distribute 
fluids such that the interior surfaces of dry cover 24, sidewalls 
23, and base 25 may be cleaned and/or dried. In some cases, 
the chamber walls may be cleaned and/or dried while atopog 
raphy arranged upon Substrate holder 48 is cleaned and/or 
dried, reducing production down time to clean the chamber. 
In any case, the fluid inlets of process chamber 22 may be 
adapted to Supply one or more fluids to the process chamber. 
In particular, the fluid inlets may be adapted to supply fluids 
simultaneously or sequentially into process chamber 22. 
I0122. In general, shower element 92 may be adapted to 
dispense a fluid as a spray extending across nearly the entire 
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wafer. In this manner, the fluid may be dispensed across the 
entire wafer. As shown in FIG. 1, shower element 92 may be 
centrally positioned above substrate holder 48. Such a posi 
tion of shower element 92 along with rotation of substrate 
holder 48 may insure a uniform distribution of fluid across a 
wafer, although a fluid can be uniformly distributed with 
shower element 92 in other locations as well. As such, process 
chamber 22 is not restricted to having shower element 92 in 
the location depicted in FIG.1. In particular, shower element 
92 may be alternatively positioned at other locations within 
process chamber 22. "Spray,” as used herein, may refer to a 
stream of finely divided streams, particles, or droplets. As 
such, shower element 92 may include one or more nozzles 
adapted to distribute a fluid at a high enough pressure Such 
that a spray is generated. In addition or alternatively, shower 
element 92 may include a disc upon which fluid is introduced 
and distributed over the sides. In either case, shower element 
92 may be alternatively adapted to distribute a fluid such that 
its stream is not divided into separate streams or droplets. 
0123. As noted above, process chamber 22 may further or 
alternatively include dispensing arm 94. FIG. 1 shows dis 
pensing arm 94 extending above a portion of substrate holder 
48. In other embodiments, however, dispensing arm 94 may 
extend across the entire wafer. In either case, the fluid intro 
duced through dispensing arm 94 may be uniformly distrib 
uted across a wafer by rotating the wafer. In yet other embodi 
ments, dispensing arm 94 may be configured to distribute 
across an entirety of a wafer without rotating the wafer. In yet 
other cases, dispensing arm 94 may be configured to distrib 
ute a fluid upon a portion of the wafer. In any case, dispensing 
arm 94 may include one or more outlets with which to dis 
tribute a fluid across a wafer. In particular, dispensing arm 94 
may include a plurality of outlets spaced along the arm and 
directed toward substrate holder 48. Alternatively, dispensing 
arm 94 may include a single outlet, near the end of the arm 
extending above substrate holder 48, for example. In either 
case, the outlets within dispensing arm 94 may, in some 
embodiments, include nozzles such that a fluid may be intro 
duced as a spray from the arm. In yet other embodiments, the 
outlets may include openings which allow the fluid to be 
introduced upon a wafer in a non-spray manner. 
0124. In some cases, dispensing arm 94 may be configured 
to move. More specifically, dispensing arm 94 may be con 
figured to move from a position above substrate holder 48 to 
a location adjacent to the Substrate holder. For example, one 
end of dispensing arm 94 may be connected to a respective 
rotary drive mechanism arranged adjacent to Substrate holder 
48 Such that the arm may pivot at Such a location. Such an 
adaptation may allow the wafer to be more easily loaded into 
process chamber 22. More specifically, the moveable adap 
tation of dispensing arm 94 may allow a wafer to be loaded 
into process chamber 22 without being damaged. In addition, 
Such a moveable adaptation may allow dispensing arm 94 to 
deliver a fluid to a specific area of the wafer, thereby provid 
ing variable exposure of a process fluid to the wafer. 
0.125. In some embodiments, shower element 92 may be 
used to distribute a deposition solution, while dispensing arm 
94 may be used to distribute fluids for processes prior to or 
Subsequent to a deposition process. For example, in some 
cases, dispensing arm 94 may be used to distribute fluids for 
activation, cleaning, rinsing and/or drying a wafer. The pro 
cess chamber described herein, however, is not restricted to 
Such a configuration. In particular, shower element 92 and 
dispensing arm 94 may be used to distribute any fluid for any 
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process used to fabricate a microelectronic device. In addi 
tion, shower element 92 and dispensing arm 94 may be used 
to distribute fluids for the same process and, therefore, may 
distribute fluids simultaneously in some cases. Furthermore, 
one or both of shower element 92 and dispensing arm 94 may 
be used for distributing fluids for all processes conducted in 
process chamber 22. In some cases, fluids may be Supplied to 
process chamber 22 by inlets other than by shower element 92 
and dispensing arm 94. In particular, fluids may be supplied to 
process chamber 22 by any inlet coupled to a fluid Supply line. 
In general, the inlets may be positioned at any location within 
process chamber 22. For example, process chamber 22 may 
include, in some embodiments, fluid inlets arranged along the 
sidewall 23 or base 25 of the process chamber. In this manner, 
process chamber 22 may be adapted to introduce fluids above 
a wafer, from below a wafer, or in between wafers when 
multiple wafers are processed within the process chamber. 
I0126. In some embodiments, process chamber 22 may 
include fluid inlet 100 positioned below substrate holder 48 as 
shown in FIG.1. In some cases, inlet 100 may be configured 
such that fluid from the inlet is projected onto the wafer. More 
specifically, inlet 100 may be configured to direct fluid toward 
a region just above substrate holder 48, such that the fluid is 
indirectly projected onto the wafer. An “indirect projection of 
fluid, as used herein, may refer to a projection of fluid which 
is not cast in a straight line toward its target. The target in 
process chamber 22, for example, may be a wafer arranged 
upon substrate holder 48. In general, the adaptation of inlet 
100 to indirectly project a fluid toward substrate holder 48 
may include positioning the inlet to project the fluid at an 
angle less than 90° and greater than 0° with respect to cham 
ber wall 23. In addition, the flow rate of the fluid is preferably 
high enough to project the fluid above substrate holder 48. In 
some cases, a fluid may be projected from inlet 100 at a flow 
rate sufficient to have the crest of the projection between 
cover 24 and substrate holder 48. In this manner, the fluid may 
be distributed upon a wafer arranged upon the Substrate 
holder 48. In other embodiments, however, a fluid may be 
projected from inlet 100 at a flow rate sufficient to hit cover 24 
and reflect downto a wafer arranged upon substrate holder 48. 
I0127. In either case, the flow rate and angle at which the 
fluid is projected from inlet 100 may be configured to distrib 
ute the fluid in a specific area of the wafer. For example, in 
Some cases, the flow rate and angle at which the fluid is 
projected from inlet 100 may be configured to dispense the 
fluid along the edge of the wafer, the center of the wafer, or 
any other specific location of the wafer. In some embodi 
ments, system 20 may be adapted to adjust the flow rate and 
angle at which the fluid is projected from inlet 100 such that 
the locations the fluid is dispensed varies. In this manner, the 
fluid may be uniformly distributed across the wafer. In other 
embodiments, system 20 may additionally or alternatively 
include a plurality of fluid inlets spatially arranged around 
substrate holder 48 such that the fluid is distributed uniformly 
across the wafer. An example of Such a configuration of inlets 
is described in more detail below in reference to FIGS. 8a and 
8b. In yet other cases, system 20 may be additionally or 
alternatively adapted to rotate a wafer such that the fluid may 
be evenly distributed across the wafer. Alternatively, how 
ever, system 20 may not be adapted to rotate a wafer. 
I0128. Although inlet 100 is described as being positioned 
below substrate holder 48, inlet 100 is not restricted to such a 
location. On the contrary, inlet 100 may be positioned at any 
location within process chamber 22. In this manner, process 
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chamber 22 may include other inlets which are adapted to 
indirectly project a fluid upon a wafer, independent of where 
they are located within process chamber 22. In yet other 
embodiments, inlet 100 may not be configured to indirectly 
project a fluid upon a wafer. Rather, inlet 100 may simply be 
used to introduce a fluid to the enclosed area of process 
chamber 22. Such a configuration may be particularly advan 
tageous in embodiments in which a bath of solution is main 
tained with process chamber 22 during processing. 
0129. Turning to FIGS. 8a and 8b, an exemplary arrange 
ment of inlets with which to supply one or more fluids to 
process chamber 22 is shown. In particular, FIGS. 8a and 8b 
show a top view of process chamber 22 taken along line AA 
in FIG. 1 with wafer W is secured to substrate holder 48 via 
clamping jaw 58. As shown in FIGS. 8a and 8b, process 
chamber 22 may, in some embodiments, include a plurality of 
inlets 160a and 160b configured to distribute one or more 
fluids into the process chamber. In some cases, the distribu 
tion of fluids from inlets 160a and 160b may be projected to 
central portion 162 of wafer Was shown by the dotted lines in 
FIG. 8a. Alternatively, the distribution of fluids from inlets 
160a and 160b may be projected to a different or a plurality of 
different portions of wafer W. For example, fluids may be 
projected at an angle from inlets 160a and 160b to distribute 
the fluids to portion 164 of wafer Was shown in FIG. 8b. Such 
an adaptation may advantageously allow fluids to be distrib 
uted to a larger surface area of wafer W from inlets 160a and 
160b. In some cases, system 20 may be adapted to adjust the 
angle and flow rate of a fluid through inlets 160a and 160b 
such that the distribution of fluids across wafer W may vary. 
As a result, the distribution of fluids across wafer W may be 
adapted to be substantially uniform in Some embodiments. As 
noted above, substrate holder 48 may be additionally adapted 
to rotate to further enhance the distribution of fluids across 
wafer W. 

0130. In general, inlets 160a and 160b may be arranged 
about substrate holder 48 such that the one or more fluids may 
be dispensed upon wafer W. For example, inlets 160a and 
160b may be arranged circumferentially around substrate 
holder 48. In some embodiments, the arrangement of inlets 
160a and 160b may be uniform as shown in FIG. 7. In other 
embodiments, however, the arrangement of inlets 160a and 
160b may be not be uniform. In either case, inlets 160a and 
160b may be arranged below, above, and/or at the approxi 
mately the same level as the upper surface of substrate holder 
48. In this manner, inlets 160a and 160b may, in some 
embodiments, include a similar configuration as inlet 100. In 
yet other embodiments, inlets 160a and 160b may be config 
ured to project one or more fluids directly upon wafer W. 
0131. In some cases, system 20 may be adapted to intro 
duce different fluids into process chamber 22 through inlets 
160a and 160b, respectively. In this manner, mixing fluids 
into a solution may be averted until the fluids are on the wafer. 
Such an adaptation may be particularly advantageous when 
using deposition solutions that quickly decompose. For 
example, the deposition of copper using electroless tech 
niques sometimes includes mixing a reducing agent and with 
a metalion solution. The mixture of the fluids tends to quickly 
decompose, limiting the deposition efficiency of the solution. 
As a consequence, the deposition Solution may need to be 
replenished often, if not continuously. The adaptation of 
including plurality of inlets 160a and 160b may advanta 
geously allow the fluids to mix at the surface of the wafer, 
increasing the life of the deposition solution. As a result, fluid 

Jan. 20, 2011 

consumption may be reduced, decreasing the overall process 
costs of fabricating a device with Such a layer. 
(0132. As shown in FIGS. 8a and 8b, inlets 160a and 160b 
may be alternatively spaced about substrate holder 48. Such 
an arrangement may advantageously reduce the amount of 
interaction between two fluids of a solution before combining 
them at the surface of a wafer. In other embodiments, how 
ever, limiting the interaction of two fluids before combining 
them at the surface of a wafer may be accomplished by 
arranging inlets 160a circumferentially along one side of 
substrate holder 48 and inlets 160b circumferentially along 
the other side of substrate holder 48. It is understood that 
other arrangements of inlets 160a and 160b used to minimize 
the interaction of fluids before being combined at the surface 
of a wafer may be included within process chamber 22 as 
well. 
I0133. In general, fluids supplied to process chamber 22 
and used to process a wafer residing upon Substrate holder 48 
may be removed through exhaust ports of the chamber. For 
example, process fluids may be removed through outlets 88 
and/or 102. Although outlets 88 and 102 are shown arranged 
along the bottom of process chamber 22, the outlets may be 
arranged along other portions of process chamber 22 as well 
or alternatively. In addition, process chamber 22 is not 
restricted to having two outlet ports. On the contrary, process 
chamber 22 may include any number of outlet ports. In some 
embodiments, the outlet ports may discharge the fluids to a 
waste stream to be disposed. In other embodiments, however, 
one or more of the outlet ports may serve to recycle the 
process fluid back to its respective storage tank. For example, 
outlet 88 may serve to return an electroless deposition solu 
tion back to reservoir 70. In this manner, the deposition solu 
tion may be reused such that material and disposal costs may 
be minimized. In some cases, outlet 88 may include filter 103 
such that reservoir 70 is not contaminated with particles 
removed from process chamber 22. 
0.134 Since the elemental composition of a process fluid 
may directly affect the reaction rate and uniformity of treating 
a microelectronic topography, process fluids may need to be 
analyzed and adjusted prior to being Supplied to process 
chamber 22. As such, System 20 may include analytical test 
equipment 104 for monitoring fluids used within process 
chamber 22. In general, analytical test equipment 104 may be 
used measure the concentration of elements within the pro 
cess fluid. In this manner, it can be determined whether the 
process fluid is in specification or if the process fluid needs to 
be adjusted. The inclusion of analytical test equipment 104 
may be particularly advantageous when system is configured 
to recycle one or more fluids back to their storage tanks. In 
general, processing a wafer may consume some of the ele 
ments contained within the fluid used to process the wafer. 
Consequently, it may be advantageous to be able to monitor 
the concentration of elements with a process fluid such that 
the fluid may have the proper composition prior to being 
Supplied to process chamber 22. In any case, analytical test 
equipment 104 may, in Some embodiments, be coupled to 
supply line 75, as shown in FIG. 1, such that the process fluid 
may be analyzed directly before being Supplied to process 
chamber 22. In yet other embodiments, analytical test equip 
ment 104 may be additionally or alternatively coupled to 
supply line 75, reservoir 70, and/or outlet 88. 
I0135) In general, analytical test equipment 104 may be 
adapted to measure the concentration of one or more ele 
ments. In some embodiments, however, it may be advanta 
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geous to have analytical test equipment 104 adapted to ana 
lyze four or more components. For example, embodiments in 
which process chamber 22 is used for a plurality of processes, 
Such as the processes conducted prior to, during, and/or Sub 
sequent to an electroless deposition process, the adaptation of 
being able to measure the concentration of at least four com 
ponents may be advantageous since the fluids 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 pro 
cesses which use Solutions with a plurality of components. An 
exemplary process using a solution with at least four compo 
nents is described in more detail below in reference to FIG. 12 
in which a four-element barrier layer is deposited. In such an 
embodiment, it may be particularly advantageous for analyti 
cal test equipment 104 to be configured to measure the con 
centration of at least four components selected from the group 
consisting of boron compounds, chromium, cobalt, molyb 
denum, nickel, phosphorus compounds, rhenium, and tung 
Sten. 

0.136 Regardless of the number of components analytical 
test equipment 104 is adapted to analyze, system 20 may 
further include lines with which to adjust the composition of 
a process fluid. Such lines may be coupled to supply lines 74 
and 75, reservoir 70, and/or outlets 88 and 102. In some 
embodiments, analytical test equipment 104 may be adapted 
to analyze the amount of hazardous components discharged 
from process chamber 22 through outlet 102. In this manner, 
the amount of agent needed to neutralize the hazardous com 
ponents after being discharged may be optimized. 
0.137 In some embodiments, control of system 20 and its 
components may be executed through central processing unit 
(CPU) 106. For instance, CPU 106 may include a carrier 
medium with program instructions for managing the use of 
solenoid valves on supply lines supply 74, 75, 76a, 76b, 76c. 
78, 80 and/or outlets 88 and/or 102 such that fluids may be 
introduced and/or discharged for a predetermined sequence 
and, in Some cases, for a predetermined amount of time. For 
example, upon completion of an electroless deposition pro 
cess, CPU 106 may include program instruction with which 
to discontinue the supply of fluid from supply lines 74 and 75. 
Subsequently, CPU 106 may send a command to supply 
deionized water, for example, from supply line 78, or the 
Supply of another treatment or neutralization Solution. In 
Some cases, CPU 106 may also send commands to regulate 
the flow of fluid through the outlet ports of process chamber 
22 in between or during the discontinuation and Supply com 
mands of the inlet ports. 
0.138. In any case, CPU 106 may further include program 
instructions for controlling the pressure within process cham 
ber 22 as well as the temperature of substrate holder 48 and 
fluids introduced into process chamber 22. In some cases, 
CPU 106 may further include program instructions for moni 
toring concentrations of solution elements within Supply lines 
supply 74, 75, 76a, 76b, 76c. 78,80, reservoir 70, and/or 
solution feedback line 88. In such an embodiment, CPU 106 
may include program instructions for adjusting compositions 
of the solution elements based upon the analysis performed 
by analytical test equipment 104. In order for CPU 106 to 
control the components of system 20, CPU 106 may be 
coupled to the components. Such individual connections to 
the components, however, are not illustrated FIG. 1 to sim 
plify the illustration of the system. Rather, CPU 106 is shown 
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coupled to process chamber 22 by a dotted line to show a 
general connection to the chamber and the other components 
included within system 20. 
0.139. As shown in FIG.1, process chamber 22 is generally 
configured to form a single enclosed area about Substrate 
holder 48 for processing a microelectronic topography. An 
alternative configuration for process chamber 22, however, 
may be adapted to form multiple enclosed areas about Sub 
strate holder 48. An illustration of such an alternative con 
figuration is illustrated in FIGS. 9a-9C. In particular, FIGS. 
9a-9c illustrates process chamber 22 adapted to form two 
different enclosed areas about a microelectronic topography. 
As noted above, process chamber 22 may be adapted to per 
form a succession of different process steps. As such, 
although process chamber 22 is shown in FIGS. 9a-9C with 
out any of the auxiliary components described in reference to 
FIG. 1, the process chamber shown in FIGS. 9a-9c may be 
coupled to such components. In particular, the process cham 
ber 22 illustrated in FIGS. 9a-9C may be coupled to supply 
lines, exhaust lines, temperature and pressure gauges and 
controls, storage tanks, and a CPU unit. 
0140. Furthermore, the process chamber depicted in 
FIGS. 9a-9C may include auxiliary equipment attached 
thereto. In particular, the process chamber shown in FIGS. 
9a-9c may, in some embodiments, include a gate arranged 
along a chamber wall and/or a cover of the chamber. In 
addition or alternatively, the process chamber illustrated in 
FIGS. 9a-9C may include a plurality of input ports, such as but 
not limited to shower element 92 and dispensing arm 94. The 
exclusion of input ports and a gate within FIGS. 9a-9C is 
merely to simplify the illustration of the drawings and, there 
fore, does not necessarily indicate the absence of Such com 
ponents. Substrate holder 48, however, is shown within pro 
cess chamber 22 in FIGS. 9a-9C to aid in describing the 
adaptations of the chamber. Such a substrate holder may be 
substantially similar to the substrate holder depicted in FIG.1 
and, therefore, may include similar components and adapta 
tions of the holder as described above. 
0.141. In general, process chamber 22 may be adapted to 
form a first enclosed area about and including Substrate 
holder 48 as well as a second, Smaller enclosed area about and 
including the substrate holder as shown in FIGS. 9b and 9c, 
respectively. FIG. 9a, on the other hand, illustrates process 
chamber 22 during the loading of a wafer, prior to the forma 
tion of the first and second enclosed regions. In some embodi 
ments, the adaptation of process chamber 22 to form the first 
and second enclosed regions may include an outer set of 
portions and an inner set of portions configured to couple with 
each other and respectively form the first and second enclosed 
regions. In particular, process chamber 22 may include upper 
outer portion 107 and lower outer portion 108 configured to 
forman enclosed region about Substrate holder 48. In general, 
the first enclosed region formed by coupling outer portions 
107 and 108 may include everything within the interior of the 
outer portions, including inner portions 109 and 110. In some 
embodiments, such a first enclosed region may include the 
entirety of process chamber 22. In other embodiments, how 
ever, process chamber 22 may include one or more casings 
surrounding outer portions 107 and 108. 
0142. In either case, process chamber 22 may further 
include upper inner portion 109 and lower inner portion 110 
configured to form a second enclosed region about Substrate 
holder 48. Such a second enclosed region may solely include 
the portions of process chamber 22 interior to the inner por 
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tions and, therefore, is not as large as the first enclosed region. 
In this manner, the configuration of process chamber 22 may 
allow multiple regions to be enclosed during processing of a 
topography. In some embodiments, outer portions 107 and 
108 and inner portions 109 and 110 may include other con 
figurations with which to form the respective enclosed 
regions within process chamber 22. For example, gate 28 and 
chamber wall 23 may alternatively serve as outer portions of 
process chamber 22 with which to form a first enclosed region 
about substrate holder 48. In addition or alternatively, inner 
portions 109 and 110 may include a different configuration 
with which to form the second enclosed region about sub 
strate holder 48. For example, lower inner portion 110 may, in 
Some embodiments, configured in a concave shape. As such, 
process chamber 22 is not restricted to the references and 
configurations of outer portions 107 and 108 and inner por 
tions 109 and 110 depicted in FIGS. 9a-9C. Rather, process 
chamber 22 may generally include outer and inner portions 
with which to form at least two different enclosed regions 
about a substrate holder. 

0143. In some embodiments, the system comprising pro 
cess chamber 22 may be adapted to couple outer portions 107 
and 108 prior to the succession of the different process steps 
performed within the process chamber. In addition, the sys 
tem may be adapted to couple and uncouple inner portions 
109 and 110 between the different process steps without 
uncoupling outer portions 107 and 108. For example, the 
system may be adapted to couple inner portions 109 and 110 
prior to an electroless deposition process and uncouple the 
inner portions Subsequent to the electroless deposition pro 
cess. The system may be additionally or alternatively adapted 
to couple inner portions 109 and 110 prior to and subsequent 
to other processing steps as well, depending on the fabrication 
parameters of the wafer. In this manner, the system may be 
adapted to dispense different processing fluids into the first 
and second enclosed areas during different process steps. In 
Some cases, the system may be additionally or alternatively 
adapted to uncouple outer portions 107 and 108 for a drying 
process of the microelectronic topography. In yet other cases, 
however, the system may be adapted to keep outer portions 
107 and 108 closed until all processing steps are completed. 
In Such an embodiment, a drying process may be alternatively 
conducted by injecting gas through an air nozzle or by open 
ing the process chamber to ambient air by a means other than 
uncoupling outer portions 107 and 108, Such as opening a 
gate attached to process chamber 22. In yet other embodi 
ments, the drying process may be conducted by discharging 
fluids within process chamber 22, creating a low-pressure 
vacuum by which to dry the topography. 
0144. As shown in FIGS. 9a-9C, process chamber 22 may 
include outlet 111 arranged within lower outer portion 108 
exterior to lower inner portion 110. In addition, process 
chamber 22 may include outlet 112 arranged within lower 
inner portion 110. In some embodiments, process chamber 22 
may be adapted to prevent processing fluids in the first 
enclosed area from entering the outlet 112. For example, in 
Some embodiments, process chamber 22 may include a 
means for spinning a microelectronic topography arranged 
upon substrate holder 48. In particular, process chamber 22 
may be adapted to rotate a wafer at a fast enough rate to 
prevent processing fluids from entering outlet 112. In general, 
Sucharate may be between approximately 0rpm and approxi 
mately 8000 rpm or, more specifically, between approxi 
mately 40 rpm and approximately 1200 rpm and may be 
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conducted when inner portions 109 and 110 are not coupled 
together. In contrast, process chamber 22 may or may not spin 
a microelectronic topography when inner portions 109 and 
110 are coupled. Larger or smaller rates of rotation may be 
used in either case, depending on the design specifications of 
the system and viscosity of the process fluid as described in 
more detail below. 

0145. In some cases, upper inner portion 109 may also be 
adapted to rotate. In particular, upper inner portion 109 may 
be configured to rotate when decoupled from lower inner 
portion 110. Such an adaptation to rotate may advantageously 
allow solution residue from one or more processing steps to 
be removed from the inner surface of upper inner portion 109. 
In this manner, cross-contamination of fluids used for differ 
ent processes may be prevented. In general, upper inner por 
tion 109 may be adapted to rotate during any process step 
used to fabricate a microelectronic device. For example, 
upper inner portion 109 may be rotated during a rinse and/or 
a drying cycle of the fabrication process. In any case, the 
rotation of upper inner portion 109 and the wafer may be 
conducted simultaneously or may be conducted independent 
of each other. In addition, system 20 may be adapted to rotate 
upper inner portion 109 and the wafer in the same direction 
and/or different directions. 

0146 A method for processing a microelectronic topog 
raphy using the configuration illustrated in FIGS. 9a-9C is 
outlined in the flowchart of FIG. 10. The method may include 
steps 113 in which a microelectronic topography is loaded 
into a process chamber. Such a loading step may correspond 
to FIG. 9a of process chamber 22. As shown in FIG. 10, the 
method may further include step 114 in which the process 
chamber is closed to form a first enclosed area about the 
microelectronic topography. FIG.9billustrates the formation 
of such a first enclosed region. The formation of the first 
enclosed area may, in Some embodiments, include moving a 
cover plate toward a base plate of the process chamber. In yet 
other embodiments, however, the formation of the first 
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 first set of fluids to the first enclosed area to 
process the microelectronic topography in one or more pro 
cess steps as shown in step 115. 
0147 The method may continue to step 116 in which a 
second, distinct enclosed area is formed about the microelec 
tronic topography Subsequent to the step of supplying the first 
set of fluids. FIG.9c illustrates the formation of such a second 
enclosed region. The second enclosed area may be supplied 
with a second set of fluids to further process the microelec 
tronic topography in one or more other process steps as shown 
in step 117. In some embodiments, the first set of fluids may 
include fluids for preparing the microelectronic topography 
for an electroless deposition process and the second set of 
fluids may include a deposition solution for the electroless 
deposition process. In Such an embodiment, the method may 
include reforming the first enclosed area Subsequent to the 
step of supplying the second set offluids and Supplying a third 
set of fluids to the reformed first enclosed area to process the 
microelectronic topography Subsequent to the electroless 
deposition process as shown in steps 118 and 119, respec 
tively. Alternatively, the first set of fluids may include a depo 
sition solution for an electroless deposition process, and the 
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second set of fluids may include fluids for processing the 
microelectronic topography Subsequent to the electroless 
deposition process. 
0148. In any case, the method may further include spin 
ning the microelectronic topography as noted in step 120. 
Such a spinning step may be conducted while the first and/or 
second set of fluids is Supplied to the process chamber. As 
such, step 120 is shown extending from steps 115 and 117 by 
a dotted line. In some embodiments, spinning the microelec 
tronic topography may be further conducted during the for 
mation of the first and/or second enclosed areas. In general, 
the rate at which to spin the topography may depend on the 
material Supplied to the process chamber. In particular, a 
relatively high spin rate may be needed for fluids with a 
relatively high viscosity, while a relatively lower spin rate 
may be needed for fluids with a relatively low viscosity. As 
Such, the spin rate of the topography when the first and second 
sets of fluids are supplied to the process chamber may be 
similar or may be substantially different. 
0149. In any case, the microelectronic topography may 
generally be spun at a rate between approximately 0 rpm and 
approximately 8000 rpm, or more specifically between 
approximately 40 rpm and approximately 1200 rpm, depend 
ing on the Viscosity of the fluid Supplied to the process cham 
ber. In some embodiments, the topography may be rotated at 
a sufficient rate to prevent fluids from entering a certain outlet 
as noted above. In embodiments in which the first and second 
sets of fluids comprise a similar viscosity, the microelectronic 
topography may be rotated at a different rate when the first set 
fluids are supplied to the process chamber than when the 
second set of fluids are supplied to the process chamber. For 
example, in Some embodiments, the microelectronic topog 
raphy may be spun at a rate between approximately 0 rpm and 
approximately 20 rpm when the first set of fluids is supplied 
to the process chamber. In contrast, the microelectronic 
topography may be spun at a rate between approximately 40 
rpm and approximately 300 rpm when the second set of fluids 
is Supplied to the process chamber or vice versa. 
0150. As noted above, methods for processing a micro 
electronic topography is provided herein. In particular, meth 
ods for forming a contact structure or a via within a dielectric 
layer are described below in reference to FIGS. 11-18. 
Although the process steps described in reference to FIGS. 
11-18 are provided in sequence to each other, the process 
steps are not necessarily co-dependent. Consequently, the 
method described in reference to FIGS. 11-18 may be per 
formed independent of each other. In addition, the topogra 
phies depicted in FIGS. 11-18 are not drawn to scale. In 
particular, the dimensions of the layers and structures may 
vary from tens of angstroms to a few microns. As such, the 
method described herein is not restricted to forming a device 
having the relative dimensions of the layers and structures 
depicted in FIGS. 11-19. In some embodiments, the process 
steps described in reference to FIGS. 11-18 may be conducted 
using the system and/or techniques described in reference to 
FIGS. 1-10. However, the process steps of FIGS. 11-18 are 
not restricted to the use of Such a system. In particular, the 
process steps described in reference to FIGS. 11-18 may be 
either conducted within the same chamber or within different 
chambers. 

0151 FIG. 11 depicts microelectronic topography 140 
having trench 146 formed within dielectric layer 144, which 
in turn is formed upon underlying layer 142. In general, 
dielectric layer 144 may be an interlevel dielectric layer and 
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may serve as an insulating layer, etch stop layer, and/or a 
polishing stop layer. In any case, dielectric layer 144 may 
have a thickness between approximately 2,000 angstroms and 
approximately 10,000 angstroms. Larger or Smaller thick 
nesses of dielectric layer 144, however, may be appropriate 
depending on the semiconductor device being formed. 
Dielectric layer 144 may include one or more of various 
dielectric materials used in microelectronic fabrication. For 
example, dielectric layer 144 may include silicon dioxide 
(SiO), tetraethylorthosilicate glass (TEOS) based silicon 
dioxide, silicon nitride (SiN.), silicon dioxide/silicon 
nitride/silicon dioxide (ONO), silicon carbide, carbon-doped 
SiO, or carbonated polymers. Alternatively, dielectric layer 
144 may be formed from a low-permittivity (“low-k”) dielec 
tric, generally known in the art as a dielectric having a dielec 
tric constant of less than about 3.5. One low-k dielectric in 
current use, which is believed to make a conformal film, is 
fluorine-doped silicon dioxide. In some cases, dielectric layer 
144 may be undoped. Alternatively, dielectric layer 144 may 
be doped to form, for example, low doped borophosphorus 
silicate glass (BPSG), low doped phosphorus silicate glass 
(PSG), or fluorinated silicate glass (FSG). Low doped BPSG 
may have a boron concentration of less than approximately 
5% by weight. Low doped PSG may have a phosphorus 
concentration of less than approximately 10% by weight, and 
more preferably less than approximately 5% by weight. 
0152. In some cases, underlying layer 142 may be a silicon 
Substrate and may, in Some embodiments, be doped either 
n-type or p-type. More specifically, underlying layer 142 may 
be a monocrystalline silicon Substrate or an epitaxial silicon 
layer grown on a monocrystalline silicon Substrate. In addi 
tion or alternatively, underlying layer 142 may include a 
silicon on insulator (SOI) layer, which may beformed upon a 
silicon wafer. In any case, the feature Subsequently formed 
within trench 146 may serve as a contact structure to portions 
of a silicon Substrate in some embodiments. In other cases, 
however, underlying layer 142 may include metallization 
and/or an interlevel dielectric of a microelectronic topogra 
phy. In Such an embodiment, the feature Subsequently formed 
within trench 146 may serve as a via to underlying portions of 
microelectronic topography 140. In yet other embodiments, 
the feature subsequently formed within trench 146 may serve 
as an interconnect line or any other metallization feature of 
the microelctronic topography. 
0153. In any case, trench 146 may be formed within 
dielectric layer 144 by a lithography process known to those 
skilled in the art of microelectronic fabrication. In particular, 
a photoresist layer may be patterned upon dielectric layer 144 
and exposed portions of dielectric layer 144 may be etched to 
form trench 146. Subsequent to the etch process, the pat 
terned photoresist layer may be removed by a stripping pro 
cess Such as a wet etch, plasma etch, and/or a reactive ion etch 
stripping process. Such an etch process may, in some embodi 
ments, be conducted in the same process chamber used to 
form trench 146. In some cases, the photoresist etch process 
may be conducted in the same process chamber used to Sub 
sequently process semiconductor topography 140. For 
example, the photoresist etch process may be conducted in 
the same process chamber used to electrolessly deposit mate 
rial into trench 146. Although FIG. 11 illustrates the forma 
tion of a single trench across the illustrated portion of dielec 
tric layer 144, any number of trenches may be formed across 
the dielectric layer in accordance with design specifications 
of the integrated circuit. In addition, although FIG. 11 illus 
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trates trench 146 extending from the upper surface of dielec 
tric layer 144 to the upper surface of underlying layer 142, the 
method described herein is not restricted to Such a configu 
ration of microelectronic topography 140. In particular, the 
depth of trench 146 may be reduced, in some embodiments, 
Such that underlying layer 142 is not exposed. 
0154) In general, the width and depth of trench 146 may be 
formed in accordance with the design specifications of the 
integrated circuit. For example, the width of trench 146 may 
be between approximately 0.02 microns and approximately 
10 microns. In addition, the depth of trench 146 may be 
between approximately 100 angstroms and approximately 
1.0 micron. However, larger or smaller widths and depths 
may be used, depending on the design specifications of the 
device. In some embodiments, the height (i.e., depth) and 
width of a semiconductor feature when viewed in cross sec 
tion may be described in relation to each other and may be 
referred to as an "aspect ratio” of the feature. Consequently, 
the depth and width of trench 146 may, in some embodiments, 
be described in terms of an aspect ratio. In particular, the 
aspect ratio of trench 146 may between approximately 1:2 
and approximately 1:10. However, trench 146 may include 
larger or Smaller aspect ratios, depending on the design speci 
fications of the device. 

0155 As noted above, trench 146 may be used to subse 
quently form a metal feature within microelectronic topogra 
phy 140. As such, trench 146 may be filled with a metal layer, 
Such as aluminum, copper, tungsten, titanium, silver, or any 
alloy of such metals. "Metal layer as used herein, may 
generally refer to any material comprising metal, including 
layers consisting essentially of a metal element and layers 
including alloys or intermetallics of a metal element. The 
deposition of the metal layer forming the bulk of the metal 
feature within trench 146 is described in more detail below in 
reference to FIG. 14. In some cases, however, liner layer 148 
may be deposited within trench 146 prior to the deposition of 
the bulk metal layer. Such a liner layer may serve to adhere the 
bulk metal layer to trench 146 and/or prevent diffusion 
between the bulk metal layer and underlying portions of 
microelectronic topography 140. For example, since copper 
diffuses readily through silicon and oxide and undesirably 
alters the electrical properties of transistors formed in silicon, 
liner layer 148 may be deposited within trench 146 before 
deposition of a bulk copper layer. Liner layer 148 may be 
deposited within trench 146 before the deposition of other 
bulk metal materials as well. In yet other embodiments, the 
formation of liner layer 148 may be omitted from microelec 
tronic topography 140 and, therefore, the method described 
herein may continue onto to FIG. 14 from FIG. 3. 
0156. As shown in FIG. 12, liner layer 148 may beformed 
conformably upon microelectronic topography 140 and, 
therefore, may be formed upon the lower surface and side 
walls of trench 146 as well as the upper surfaces of dielectric 
layer 144. Such a deposition process may include chemical 
vapor deposition (CVD), physical vapor deposition (PVD), 
atomic layer deposition (ALD), electroplating, or electroless 
plating techniques, depending on the material deposited. 
Consequently, the deposition Solution used to deposit liner 
layer 148 may depend on the material to be deposited and the 
method of deposition. In any case, microelectronic topogra 
phy 140 may be rinsed with deionized water subsequent to the 
deposition of liner layer 148 to remove any residual deposi 
tion solution. In general, the thickness of liner layer 148 may 
between approximately 50 angstroms and approximately 
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1500 angstroms. Larger or smaller thickness of liner layer 
148, however, may be used, depending on the design speci 
fications of the device. 

0157. In some cases, liner layer 148 may include a metal 
material. Such as tantalum, tantalum nitride, tantalum silicon 
nitride, tantalum carbon nitride, silver, titanium, titanium 
nitride, titanium silicon nitride, titanium silicon nitride, tung 
Sten, tungsten nitride, or refractory alloys Such as titanium 
tungsten or copper-cadium. In some embodiments, liner layer 
148 may include a combination of metal materials, such as a 
stack of tantalum nitride and tantalum or a stack of titanium 
and titanium nitride, for example. In some cases, it may be 
particularly advantageous for liner layer 148 to include a 
metal such that the capacitance of the feature formed within 
trench 146 may be minimized. In yet other embodiments, 
however, liner layer 148 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 any case, liner layer 148 may be hydrated as 
described in more detail below in reference to FIG. 13. It is 
noted, however, that liner layer 148 is not restricted to being 
hydrated and/or the compositions listed above. In general, the 
materials listed for liner layer 148 and the subsequent pro 
cessing of liner layer 148 presented herein are merely options 
available for forming a metal feature within microelectronic 
topography 140. Such a statement may be applicable to uti 
lizing a four-element liner layer discussed in more detail 
below as well. In particular, the metal feature and method of 
forming the feature described herein is not restricted to 
embodiments in which liner layer 148 includes at least four 
elements. 

0158. As noted above, liner layer 148 may, in some 
embodiments, include a single material comprising at least 
four elements. In particular, liner layer 148 may include a 
single material comprising at least four elements from the 
group consisting of boron, chromium, cobalt, molybdenum, 
nickel, phosphorus, rhenium, and tungsten. For example, in 
Some cases, liner layer 148 may include a material compris 
ing cobalt, tungsten, molybdenum and phosphorus. In other 
cases, liner layer 148 may include a material comprising 
cobalt, tungsten, molybdenum and boron. In any case, liner 
layer 148 may be formed as a single material layer such that 
no interfacial lines between layers of different compositions 
exist within the layer. In other words, the elements within 
liner layer 148 may be blended to characterize a layer of 
single material. Consequently, liner layer 148 may be distin 
guishable from a metal feature comprising a plurality of liner 
layers. 
0159. A “liner layer, as used herein, may refer a layer 
conformably formed along at least a portion of the sidewalls 
and/or lower Surface of a trench Such that a Substantial portion 
of the trench prior to the deposition of the layer remains 
unfilled after deposition of the layer. In some embodiments, 
the liner layer may be formed along the entirety of the side 
walls and lower surface of the trench as shown in FIG. 12. In 
other embodiments, however, the liner layer may only be 
partially formed on the sidewalls and/or lower surface of the 
trench. In such an embodiment, the liner layer may either be 
selectively deposited orportions of the layer may be removed 
after a blanket deposition of the layer within the trench. In 
either case, the liner layer may, in some embodiments, be 
arranged along portions of the topography adjacent to the 
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trench as shown in FIG. 12. Alternatively, the liner layer may 
not include the adjacent portions. 
0160. In general, liner layer 148 may include any combi 
nation of boron, chromium, cobalt, molybdenum, nickel, 
phosphorus, rhenium, and tungsten, depending on the design 
characteristics of the device. For example, liner layer 148 
may include a combination of elements which is configured 
to adhere a bulk metal layer used to subsequently fill trench 
146. In addition or alternatively, liner layer 148 may include 
a combination of elements which is configured to Substan 
tially prevent diffusion between underlying layers of micro 
electronic topography 140 and the bulk metal layer subse 
quently formed upon the liner layer. In such an embodiment, 
including molybdenum within liner layer 148 may be particu 
larly advantageous since molybdenum exhibits Superior dif 
fusion barrier properties and has a high melting point. In any 
case, liner layer 148 may, in Some embodiments, include a 
combination of elements which is less susceptible to oxida 
tion than a liner layer comprising a material with three or less 
elements. For example, liner layer 148 may include products 
of oxidizing reducing agents, such as boron orphosphorus. 
0161 In some cases, liner layer 148 may include a com 
bination of elements which is configured to serve as a catalyst 
for a Subsequent electroless deposition of a bulk metal layer 
within trench 146. For example, liner layer 148 may include 
a combination of elements which is configured to serve as a 
catalyst for a Subsequent electroless deposition of copper or 
any other metal used to occupy a Substantial portion of trench 
146. In such an embodiment, liner layer 148 may preferably 
include cobalt and/nickel for their ability to forman autocata 
lytic surface. “Autocatalytic.' as used herein, may refer to the 
characteristic of a material to have electrochemical properties 
which exhibit an affinity to the material to be deposited 
thereon. Consequently, an “autocatalytic material may not 
have to be activated prior to an electroless deposition process 
since the material is already catalytic to the process. In some 
embodiments, however, an autocatalytic material may be 
activated prior to an electroless deposition process. 
0162. In some cases, liner layer 148 may include a major 

ity of cobalt and/or nickel atoms. For example, liner layer 148 
may include two or three elements other than cobalt or nickel 
which each comprise between approximately 0.1% and 
approximately 20% of a molar concentration of the liner 
layer. In particular, liner layer 148 may include one or two 
elements having a molar concentration between approxi 
mately 0.1% and approximately 20% which are selected from 
the group consisting of chromium, molybdenum, rhenium, 
and tungsten. In addition, liner layer 148 may include 
between approximately 0.1% and approximately 20% of 
phosphorous and/or boron. The remaining balance of the 
molar concentration of the layer may include cobalt and/or 
nickel. 

0163) Regardless of number of elements included within 
liner layer 148, the method may further include hydrating 
microelectronic topography 140, in Some cases. In particular, 
microelectronic topography 140 may be exposed to a 
hydrolysis process Subsequent to the deposition of liner layer 
148 such that hydrated layer 150 may be formed as shown in 
FIG. 13. For example, in embodiments in which liner layer 
148 includes tantalum, tantalic acid (HTa-Os) may be 
formed. In yet other embodiments, liner layer 148 may 
include tantalum nitride, tantalum silicon nitride, tantalum 
carbon nitride, titanium, titanium nitride, titanium silicon 
nitride, tungsten, tungsten nitride, or refractory alloys Such as 
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titanium-tungsten with which to form a hydrated metal oxide 
layer. As noted above, the liner layer 148 may, in some 
embodiments, include a combination of Such materials. Such 
as a stack of tantalum nitride and tantalum or a stack of 
titanium and titanium nitride, for example. In Such an 
embodiment, a hydrated metal oxide layer may be formed 
solely from the upper material of the stack or may be formed 
from more than one material within the stack. In yet other 
embodiments, liner layer 148 may include a dielectric mate 
rial rather than a metal layer. For example, liner layer 148 may 
include silicon nitride, silicon carbide, silicon carbon nitride, 
silicon oxycarbide, and/or silicon oxycarbon nitride. In Such 
an embodiment, liner layer 148 may be hydrated to form a 
hydrated oxide material without a metal component. 
0164. In any case, the hydrolysis process may include 
oxidizing liner layer 148. AS Such, the hydrolysis process may 
include exposing liner layer 148 to an oxidizing plasma, in 
some embodiments. In addition or alternatively, the hydroly 
sis process may include exposing liner layer 148 to an oxi 
dizing chemical, Such as peroxide, in a liquid orgaseous state. 
In yet other embodiments, the hydrolysis process may include 
exposing the liner layer to ultraviolet photons in an oxidizing 
ambient. In Such a case, the ultraviolet photons may be used 
to alter the molecular structure of the liner layer such that 
elements of the liner layer may be oxidized. In any embodi 
ment, the hydrolysis process may further include exposing 
liner layer 148 to a chemical comprising hydrogen, including 
any acid, base or neutral chemical including hydrogen. For 
example, the hydrolysis process may further include expos 
ing liner layer 148 to sulfuric acid, hydrochloric acid, nitric 
acid, ammonia hydroxide, potassium hydroxide, or deionized 
Water. 

0.165. In general, the hydrolysis process used to form 
hydrated layer 150 may either partially or completely con 
sume liner layer 148. In some embodiments, the hydration of 
liner layer 148 may consume an upper portion of the layer 
having a thickness between approximately 5 angstroms and 
approximately 40 angstroms. As such, the thickness of liner 
layer 148 may be reduced by such an amount during the 
hydrolysis process. In some cases, the hydrolysis process 
may cause a growth upon liner layer 148 in addition to con 
Suming liner layer 148. In Such an embodiment, the compos 
ite thickness of liner layer 148 and hydrated layer 150 may be 
larger than the thickness of liner layer 148 prior to the 
hydrolysis process. In particular, the composite thickness of 
liner layer 148 and hydrated layer 150 may include a thick 
ness between approximately 50 angstroms and approxi 
mately 1600 angstroms. More specifically, hydrated layer 
150 may include a thickness between approximately 5 ang 
stroms and approximately 50 angstroms. As noted above, not 
all process steps described herein need to be included in the 
process of forming a metal feature within trench 146. As such, 
in some embodiments, the hydrolysis of liner layer 148 may 
be omitted. In either case, the process of forming a metal 
feature within trench 146 may include cleaning liner layer 
148 prior to the deposition of bulk metal layer 152. In par 
ticular, Surface contaminants and/or oxides formed upon liner 
layer 148 may be removed prior to the formation of hydrated 
layer 150 or directly prior to the deposition of bulk metal layer 
152. 

0166 In general, hydrating liner layer 148 may be particu 
larly advantageous when the bulk metal layer for the subse 
quently formed metal feature is deposited using an electroless 
deposition process. In particular, hydrated layer 150 may 
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serve to adsorb active catalytic metals Subsequently deposited 
upon microelectronic topography 140 such that a bulk metal 
layer may be electrolessly deposited. More specifically, 
hydrated layer 150 may allow more active catalytic metals to 
be adsorbed as compared to a layer which has not been 
hydrated. Consequently, the Subsequent electroless deposi 
tion of bulk metal may be faster, more uniform, and adhere 
more securely to trench 146. In some embodiments, hydrated 
layer 150 may be autocatalytic and, therefore, may not have to 
be activated to initiate the electroless deposition process. In 
other embodiments, however, hydrated layer 150 may have to 
be activated prior to electrolessly depositing bulk metal layer 
152. Such an activation process may also be conducted when 
liner layer 148 is not hydrated. In either case, the activation 
process may include depositing a monolayer of cobalt, nickel, 
palladium, or platinum Such that a seed layer of the material 
may beformed. In Such an embodiment, the seed layer may be 
patterned to be in alignment with trench 146 prior to the 
deposition of bulk metal layer 152. 
0167. In yet other embodiments, however, the bulk metal 
layer subsequently deposited within trench 146 may not be 
electrolessly deposited. Rather, the bulk metal layer may be 
deposited using CVD, PVD, ALD, or electroplating tech 
niques, depending on the type of material being deposited. In 
such an embodiment, liner layer 148 and/or hydrated layer 
150 may not have to be activated. In some cases, liner layer 
148 and/or bulk metal layer 152 may be deposited as oxidized 
materials and later converted into conductive metals by 
annealing the layers in a reducing ambient. In any case, 
microelectronic topography 140 may be rinsed with deion 
ized water prior to the deposition of bulk metal layer 152. 
More specifically, microelectronic topography 140 may be 
rinsed subsequent to the formation of hydrated layer 150 
and/or Subsequent to the deposition of the activation seed 
layer to remove any residual deposition solutions. In general, 
bulk metal layer 152 may include a conductive material, such 
as aluminum, cadmium, copper, tungsten, titanium, silver, or 
any alloy of Such metals. In this manner, the feature formed 
within trench 146 may be used to electrically transmit signals 
within the device formed therefrom. 

(0168 As shown in FIG. 14, bulk metal layer 152 may be 
deposited within trench 146. In particular, bulk metal layer 
152 may, in some embodiments, beformed conformably over 
microelectronic topography 140 such that the bulk metal 
layer is formed outside of trench 146 as well as inside the 
trench. In yet other embodiments, however, bulk metal layer 
152 may be selectively deposited within trench 146. Such a 
selective process may include electrolessly depositing a bulk 
metal layer upon a liner layer which is catalytic to the elec 
troless deposition process. For example, bulk metal layer 152 
may be selectively deposited upon a liner layer comprising at 
least four elements as described above in reference to FIG. 12. 
In such an embodiment, portions of the liner layer formed 
upon the upper surfaces of dielectric layer 144 may be 
removed prior to the electroless deposition of the bulk metal 
layer. In this manner, the bulk metal layer may not be depos 
ited upon portions of microelectronic topography 140 
arranged adjacent to trench 146. In such an embodiment, the 
bulk metal layer may be formed to a particular level within 
trench 146. For example, bulk metal layer 152 may beformed 
to be substantially coplanar with the upper surfaces of dielec 
tric layer 144 or just slightly below the upper surfaces of 
dielectric layer 144 such that room within trench 146 remains 
for the deposition of a cap layer upon bulk metal layer 152. 
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0169. In yet other cases, bulk metal layer 152 may be 
deposited to a level above the upper surfaces of dielectric 
layer 144. In particular, bulk metal layer 152 may be depos 
ited to a thickness between 0.5 microns and approximately 
1.5 microns such that trench 146 is filled. Such a configura 
tion may be particularly advantageous in an embodiment in 
which bulk metal layer 152 is conformably formed across 
microelectronic topography 140 as shown in FIG. 14. In such 
an embodiment, portions of bulk metal layer 152 deposited 
outside of trench 146 may be removed such that the metal 
feature within trench 146 may be substantially planar with the 
upper surfaces of dielectric layer 144. Such a removal process 
may include chemical mechanical polishing microelectronic 
topography 140 or exposing the topography to an etch back 
process. In either case, portions of liner layer 148 and 
hydrated layer 150 deposited outside of trench 146 may also 
be removed as shown in FIG. 14. Alternatively, portions of 
liner layer 148 and, in some embodiments, portions of 
hydrated layer 150 arranged on the upper surfaces of dielec 
tric layer 144 may remain after the removal process Such that 
bulk metal layer 152 is substantially coplanar with either liner 
layer 148 or hydrated layer 150. In any case, microelectronic 
topography 140 may be rinsed with deionized water subse 
quent to the deposition of bulk metal layer 152 to remove any 
residual deposition solution. 
0170 In any case, microelectronic topography 140 may, in 
Some embodiments, be annealed Subsequent to the formation 
of bulk metal layer 152 within trench 146. Such an anneal 
process may include subjecting microelectronic topography 
140 to a temperature greater than approximately 400°C. In 
Some cases, the anneal process may enhance the adhesion of 
bulk metal layer 152 within trench 146. In addition or alter 
natively, the anneal process may include dehydrating 
hydrated layer 150 to form oxide layer 154 between bulk 
metal layer 152 and liner layer 148, as shown in FIG. 15. For 
example, in an embodiment in which hydrated layer 150 
includes tantalic acid, a layer of tantalum pentoxide may be 
formed between bulk metal layer 152 and liner layer 148. It is 
noted that other oxide layers may alternatively be formed 
within microelectronic topography 140, depending on the 
composition of hydrated layer 150. In some embodiments, it 
may be particularly advantageous to forman oxide layer with 
metal such that the capacitance of the metal feature formed 
within trench 146 may be minimized. Consequently, the pro 
cess of hydrating liner layer 148 and dehydrating hydrated 
layer 150 may be particularly advantageous when liner layer 
148 includes a metal. In yet other embodiments, an oxide 
layer may not be formed within trench 146. In particular, in 
embodiments in which hydrated layer 150 is not formed 
within the topography, an oxide layer may not be formed 
within the metal feature during the Subsequent anneal pro 
cess. In yet other embodiments, the method for forming the 
metal feature as described herein may not include an anneal 
process. 

0171 In some embodiments, it may be desirable to deposit 
a cap layer upon the metal feature formed within trench 146. 
Such a cap layer may serve to prevent diffusion between the 
metal feature and overlying layers. In addition or alterna 
tively, the cap layer may serve to protect the metal feature 
during Subsequent processing. For example, the cap layer 
may serve as a polishing stop layer or an etch stop layer Such 
that the metal feature is not exposed or damaged. As such, the 
method described herein may include the formation of a cap 
layer upon the metal feature formed within trench 146. In 
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Some cases, the formation of the cap layer may follow the 
sequence of steps described below in reference to FIGS. 
16-18. The method described herein, however, is not 
restricted to Such a sequence of process steps. In particular, 
the method may alternatively include forming the cap layer 
upon the metal feature within trench 146 without a deposition 
ofahydrophobic material upon adjacent portions of dielectric 
layer 144 as described below in reference to FIG. 16. In this 
manner, dielectric layer 144 may remain exposed prior to the 
deposition of the cap layer. 
0172 Referring to FIG. 16, in some embodiments, hydro 
phobic dielectric 156 may be selectively deposited upon 
exposed surfaces of dielectric layer 144. In this manner, 
dielectric layer 144 may be masked for the subsequent depo 
sition of cap layer 158. In some embodiments, it may be 
desirable to mask dielectric layer 144 for the deposition of cap 
layer 158. In particular, hydrophobic dielectric 156 may serve 
to prevent the deposition of cap layer 158 upon dielectric 
layer 144. More specifically, a hydrophobic surface may 
advantageously prevent the absorption of catalytic com 
pounds, inhibiting the electroless deposition of materials 
upon hydrophobic dielectric 156, as described in more detail 
below. In embodiments in which bulk metal layer 152 is 
polished to be confined within the sidewalls of trench 146 (as 
described in reference to FIG. 15), dielectric layer 144 may 
include small fragments of bulk metal layer 152 upon its 
upper Surface. The Small fragments may be catalytic to the 
electroless deposition of cap layer 158 or may attract a cata 
lytic seed layer used to electrolessly deposit cap layer 158. In 
either case, portions of cap layer 158 may be undesirably 
deposited upon dielectric layer 144, potentially causing a 
short within the circuit. 

0173. In some cases, dielectric layer 144 may be cleaned 
prior to the deposition of cap layer 158 to remove the small 
fragments of bulk metal layer 152 formed within dielectric 
layer 144. In some embodiments, however, it may be difficult 
to determine if all fragments have been removed from such a 
process. As such, in Some cases, the formation of a hydro 
phobic layer upon dielectric layer 144 may be more effective 
in preventing the undesirable deposition of cap layer 158 on 
dielectric layer 144. Although the deposition of hydrophobic 
dielectric 156 may negate the need to remove the bulk metal 
fragments from dielectric layer 144, the method described 
herein does not necessarily restrict the inclusion of Such a 
cleaning step when a hydrophobic layer is to be deposited 
upon dielectric layer 144. As such, cleaning dielectric layer 
144 may be performed whether or not a hydrophobic layer is 
formed within microelectronic topography 140. 
0.174. In general, hydrophobic dielectric 156 may include 
various forms of halogenated silanes and/or polymeric 
silanes. The polymeric silane materials may be polymeric 
functional groups or may be a polymer with polymeric silane 
functional groups. Use of either type of polymeric silane 
material may be particularly useful for sealing a porous Sur 
face of a low-k dielectric layer. More specifically, polymeric 
silane materials may be advantageous for preventing mois 
ture and components of an electroless deposition Solution into 
a low-k dielectric material, which may sometimes be used for 
dielectric layer 144. The selective deposition of hydrophobic 
dielectric 156 upon dielectric layer 144 may include, for 
example, organic vapor phase deposition of any silane mate 
rial configured to deposit a dielectric material in a haloge 
nated or polymeric form. For example, the selective deposi 
tion of hydrophobic dielectric 156 may include the organic 
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vapor phase deposition of dichlorodimethylsilane or dichlo 
romethylsilane. Other silane material that may be addition 
ally or alternatively used for the deposition of hydrophobic 
dielectric 156 may include methyldichlorosilane, methyl 
trichlorosilane, trimethylchlorosilane, ethyldichlorosilane, 
ethyltrichlorosilane, methylethylchlorosilane, methylethyl 
dichlorosilane, propyldichlorosilane, chloropropylmethyldi 
chlorosilane, chloropropyltrichlorosilane, vinyltrichlorosi 
lane, vinylmethyldichlorosilane, phenyltrichlorosilane, 
diphenyldichlorosilane, phenylmethyldichlorosilane, phe 
nylethyldichlorosilane, trichlorosilane, polyalkenedichlo 
rosilane, polymethylenedichlorosiolane (TBD), and polyeth 
ylenedichlorosilane. 
0.175. In any case, the selective deposition of hydrophobic 
dielectric layer 156 may also include exposing the substrate to 
deionized water. In particular, exposing microelectronic 
topography 140 to deionized water during or after the depo 
sition of hydrophobic dielectric 156 may serve to hydrolize 
the silane material absorbed within dielectric layer 144 and 
remove any hydrochloric acid such that a strong bond 
between hydrophobic 156 and dielectric layer 144 may be 
formed. In general, the thickness of hydrophobic dielectric 
156 may be between approximately 5 angstroms and approxi 
mately 500 angstroms. However, larger or smaller thick 
nesses of hydrophobic dielectric 156 may be deposited, 
depending on the design specifications of the device. For 
example, in some embodiments, it may be advantageous to 
deposit hydrophobic dielectric 156 to a thickness less than 
approximately 500 angstroms Such that the step height of cap 
layer 158 above dielectric layer 144 is minimized. 
0176). As noted above, the deposition of hydrophobic 
dielectric 156 may be advantageous for preventing the depo 
sition of cap layer 158 upon portions of microelectronic 
topography 140 other than above trench 146, particularly in 
embodiments in which cap layer 158 is electrolessly depos 
ited. More specifically, since layer 156 is a dielectric material, 
it will not be catalytic to the deposition of cap layer 158. In 
addition, layer 156 may prohibit solution adsorption onto the 
layer since it is hydrophobic. In general, hydrophilic materi 
als, such as those used for dielectric layer 144, may be sus 
ceptible to adsorbing catalytic ions from an activation solu 
tion, particularly solutions including palladium ions. As a 
result, a material Subsequently deposited upon microelec 
tronic topography 140 using electroless deposition tech 
niques may be formed upon dielectric layer 144 as well as 
above trench 146. Since layer 156 is hydrophobic, however, 
the deposition of cap layer upon portions of microelectronic 
topography 140 other than above the metal feature within 
trench 146 may be avoided. 
0177. In general, cap layer 158 may be deposited upon 
microelectronic topography 140 as shown in FIG. 17. As 
noted above, in some embodiments, cap layer 158 may be 
electrolessly deposited upon microelectronic topography 140 
and, therefore, may be selectively deposited upon the metal 
feature within trench 146. In some embodiments, bulk metal 
layer 152 may be catalytic to the deposition of cap layer 158 
and, therefore, the deposition of a catalytic seed layer upon 
the bulk metal layer may not be needed. However, in some 
embodiments, bulk metal layer 152 may be a slow catalyst to 
the electroless deposition of cap layer 158, undesirably lim 
iting the deposition rate of cap layer 158. For example, a bulk 
metal layer of copper may be a slow catalyst to the electroless 
deposition of a cap layer of cobalt, tungsten, and phosphorus. 
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In yet other embodiments, bulk metal layer 152 may not be 
catalytic to the deposition of cap layer 158 at all. 
0.178 As such, in some embodiments, a catalytic seed 
layer may be deposited upon microelectronic topography 140 
prior to the deposition of cap layer 158 to enable and/or 
enhance the selective electroless deposition of the cap layer 
upon the metal feature within trench 146. In particular, a 
monolayer of cobalt, nickel, palladium, or platinum may be 
deposited upon microelectronic topography 140 and Subse 
quently patterned to be in alignment with the metal feature 
within trench 146 prior to the deposition of cap layer 158. In 
Such an embodiment, microelectronic topography 140 may, 
in Some cases, be rinsed in order to remove any deposition 
residue of the seed layer prior to the deposition of cap layer 
158. In yet other embodiments, cap layer 158 may be con 
formably deposited across microelectronic topography 140 
and patterned to align with the metal feature in trench 146. As 
such, cap layer 158 may be deposited by processes other than 
electroless deposition techniques. In particular, cap layer 158 
may be deposited by CVD, PVD, ALD, or electroplating 
techniques. In general, cap layer 158 may be formed to a 
thickness between approximately 5 angstroms and approxi 
mately 50 angstroms. Larger or Smaller thicknesses of cap 
layer 158 may be deposited, however, depending on the 
design specifications of the device. In any case, microelec 
tronic topography 140 may be cleaned and/or rinsed Subse 
quent to the deposition of cap layer 158 to remove any depo 
sition residue that may have been sparsely formed upon 
hydrophobic dielectric 156. 
0179. In general, cap layer 158 may include one or more 
elements which are configured to substantially prevent diffu 
sion between bulk metal layer 152 and subsequently formed 
overlying layers of microelectronic topography 140. For 
example, cap layer 158 may include a metal material. Such as 
tantalum, tantalum nitride, tantalum silicon nitride, tantalum 
carbon nitride, titanium, titanium nitride, titanium silicon 
nitride, tungsten, tungsten nitride, or refractory alloys Such as 
titanium-tungsten. In some embodiments, the liner layer 148 
may include a combination of Such materials, such as a stack 
of tantalum nitride and tantalum or a stack of titanium and 
titanium nitride, for example. In yet other embodiments, cap 
layer 158 may include any combination of boron, chromium, 
cobalt, molybdenum, nickel, phosphorus, rhenium, and tung 
Sten, depending on the design characteristics of the device. In 
particular, cap layer 158 may include a single material com 
prising at least four of Such elements as described above in 
reference to FIG. 12. In yet other embodiments cap layer 158 
may include two or three of such elements. For instance, cap 
layer 158 may include cobalt, tungsten and phosphorus. 
Other combinations of the aforementioned elements may be 
possible, depending on the design characteristics of the 
device. 

0180. As shown in FIG. 17, a microelectronic topography 
may be formed which includes a metal feature having cap 
layer 158 formed upon and in contact with bulk metal layer 
152. In addition, the microelectronic topography may include 
a dielectric portion including a lower Surface Substantially 
coplanar with a lower Surface of the metal feature and having 
a lower layer of hydrophilic material and an upper layer of 
hydrophobic material. As noted above, dielectric layer 144 
may include a dielectric material Such as silicon dioxide, 
silicon nitride, or silicon oxynitride. All Such materials are 
hydrophilic materials, so the dielectric portion of the afore 
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mentioned microelectronic topography may refer to hydro 
phobic dielectric 156 formed upon and in contact with dielec 
tric layer 144. 
0181. As shown in FIG. 18, hydrophobic dielectric 156 
may be removed Subsequent to the deposition of cap layer 
158, in some embodiments. Such a removal process may 
include wet or dry etching techniques, such as processes 
using solvent-based fluids and/or dissolved oZone water, 
Supercritical cleaning techniques, ultraviolet ablation, and/or 
plasma etching. In some embodiments, only the hydrophobic 
surface layer of hydrophobic dielectric 156 may be removed 
by Such a process. In yet other embodiments, however, hydro 
phobic dielectric 156 may not be removed at all. In particular, 
hydrophobic dielectric 156 may remain within microelec 
tronic topography 140 for Subsequent processing. For 
example, hydrophobic layer 156 may be used to adhere a 
Subsequently deposited layer. In addition or alternatively, 
hydrophobic layer 156 may be used as an etch stop layer. In 
Such an embodiment, Some of the hydrogen atoms within 
hydrophobic layer 156 may be replaced with amino groups to 
produce a material with a higher etch selectivity. 
0182. In some cases, microelectronic topography 140 may 
be further processed to form additional layers and structures 
above the contact structure formed within trench 146. For 
example, in some embodiments, microelectronic topography 
140 may be exposed to processes which form dielectric and/ 
or conductive features upon the contact structure. In some 
embodiments, an additional layer may be formed upon cap 
layer 158 to improve the adhesion of the cap layer to Subse 
quently formed overlying layers and structures. In some 
cases, the additional layer may additionally or alternatively 
serve as a diffusion barrier for the contact structure. In yet 
other embodiments, the additional layer may serve as an etch 
stop layer. In Such an embodiment, the additional layer may 
be blanketed deposited across microelectronic topography 
140 such that the additional layer resides upon portions adja 
cent to cap layer 158 as well as cap layer 158. In any case, the 
additional layer may include siloxanes, amino-compounds, 
hetero-atomic organic compounds, or inorganic compounds, 
for example. 
0183. It will be appreciated to those skilled in the art 
having the benefit of this disclosure that this invention is 
believed to provide a system and methods for processing a 
microelectronic topography. Further modifications and alter 
native embodiments of various aspects of the invention will 
be apparent to those skilled in the art in view of this descrip 
tion. For example, although the process chamber and methods 
provided herein are frequently described in reference to pro 
cess steps conducted prior to, during, and Subsequent to an 
electroless deposition process, the system and methods are 
not necessarily restricted to Such processes. Accordingly, this 
description is to be construed as illustrative only and is for the 
purpose of teaching those skilled in the art the general manner 
of carrying out the invention. It is to be understood that the 
forms of the invention shown and described herein are to be 
taken as the presently preferred embodiments. Elements and 
materials may be substituted for those illustrated and 
described herein, parts and processes may be reversed, and 
certain features of the invention may be utilized indepen 
dently, all as would be apparent to one skilled in the art after 
having the benefit of this description of the invention. 
Changes may be made in the elements described herein with 
out departing from the spirit and scope of the invention as 
described in the following claims. 
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What is claimed is: 
1. A method for processing a microelectronic topography, 

comprising: 
forming a first metal layer upon the microelectronic topog 

raphy; 
converting at least a portion of the first metal layer to a 

hydrated metal oxide layer; 
depositing a second metal layer upon the hydrated metal 

oxide layer, and 
converting the hydrated metal oxide layer to a metal oxide 

layer Subsequent to the step of deposition the second 
metal layer. 

2. The method of claim 1, wherein the step of converting at 
least a portion of the first metal layer comprises exposing the 
first metal layer to an oxidizing plasma. 

3. The method of claim 1, wherein the step of converting at 
least a portion of the first metal layer comprises exposing the 
first metal layer to an oxidizing fluid. 

4. The method of claim 1, wherein the step of converting at 
least a portion of the first metal layer comprises exposing the 
first metal layer to irradiating photons. 

5. The method of claim 1, wherein the first metal layer 
comprises tantalum and the hydrated metal oxide layer com 
prises tantalic acid. 

6. The method of claim 1, wherein the step of forming the 
first metal layer comprises forming a metal layer selected 
from a group consisting of tantalum, tantalum nitride, tanta 
lum silicon nitride, tantalum carbon nitride, titanium, tita 
nium nitride, titanium silicon nitride, tungsten and tungsten 
nitride. 

7. The method of claim 1, wherein the step of converting 
the hydrated metal oxide layer to a metal oxide layer com 
prises heating the microelectronic topography to a tempera 
ture greater than approximately 400° C. 

8. A method for processing a microelectronic topography, 
comprising: 

depositing a barrier layer upon the microelectronic topog 
raphy; 

hydrating at least a portion of the deposited barrier layer to 
form a metal oxide sub-layer; 

depositing a first metal layer above the metal oxide Sub 
layer using an electroless deposition process; and 

converting the metal oxide layer into a second metal layer 
Subsequent to the step of depositing the first metal layer. 

9. The method of claim 8, wherein the barrier layer com 
prises a material selected from a group consisting of tantalum, 
tantalum nitride, tantalum silicon nitride, tantalum carbon 
nitride, titanium, titanium nitride, titanium silicon nitride, 
tungsten, tungsten nitride, silicon nitride, silicon carbide, sili 
con carbon nitride, silicon oxycarbide, and silicon oxycarbon 
nitride. 

10. The method of claim 8, wherein the first metal layer 
comprises copper. 

11. The method of claim 8, wherein the step of depositing 
the barrier layer comprises lining a trench of a microelec 
tronic topography and wherein the step of electroless depos 
iting the first metal layer comprises filling a Substantial por 
tion of the trench. 

12. The method of claim 8, further comprising depositing 
an activation seed layer upon the metal oxide Sub-layer prior 
to the step of depositing the first metal layer. 

13. The method of claim 8, wherein the step of depositing 
the first metal layer comprises depositing the first metal layer 
directly upon and in contact with the metal oxide Sub-layer. 
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14. The method of claim 8, wherein the step of hydrating 
the metal oxide layer comprises annealing the microelec 
tronic topography in an ambient comprising hydrogen. 

15. A microelectronic topography, comprising: 
a metal feature comprising a second metal layer formed 
upon and in contact with a first metal layer; and 

a dielectric portion comprising a lower layer of hydrophilic 
material and an upper layer of hydrophobic material, 
wherein an upper surface of the lower layer is substan 
tially coplanar with an upper surface of the first metal 
layer. 

16. The microelectronic topography of claim 15, wherein a 
lower surface of the lower layer and a lower surface of the 
metal feature are Substantially coplanar. 

17. The microelectronic topography of claim 15, wherein a 
thickness of the upper layer is less than approximately 500 
angStroms. 

18. A microelectronic topography comprising a metal fea 
ture having a single layer lining a lower Surface and sidewalls 
of the metal feature, wherein the single layer comprises: 

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 con 
centration. 

19. The microelectronic topography of claim 18, wherein 
the three elements are selected from a group consisting of 
boron, chromium, molybdenum, phosphorus, rhenium, and 
tungsten. 

20. The microelectronic topography of claim 18, wherein 
the fourth element comprises cobalt or nickel. 

21. The microelectronic topography of claim 18, wherein 
the single barrier layer is configured to Substantially prevent 
oxidation. 

22. The microelectronic topography of claim 18, wherein 
the metal feature further comprises a bulk metal layer 
arranged upon and in contact with the single barrier layer, 
wherein the single barrier layer is configured to Substantially 
prevent diffusion of the bulk metal layer to other layers within 
the microelectronic topography. 

23. The microelectronic topography of claim 22, wherein 
the metal feature further comprises a second single barrier 
layer arranged upon and in contact with the bulk metal layer, 
wherein the second single barrier layer comprises at least four 
elements. 

24. A system, comprising: 
a processing chamber configured to conduct an electroless 

deposition process and processes performed prior to or 
Subsequent to the electroless deposition process; 

analytical test equipment coupled to the processing cham 
ber for monitoring fluids used for the electroless depo 
sition process and processes performed prior to or Sub 
sequent to the electroless deposition process, wherein 
the analytical test equipment is configured to measure 
the concentration of at least four components within the 
fluids selected from a group consisting of boron, chro 
mium, cobalt, molybdenum, nickel, phosphorus, rhe 
nium, and tungsten; and 

a carrier medium comprising program instructions execut 
able on a computer system for adjusting compositions of 
the fluids based upon the analysis performed by the 
analytical test equipment. 
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25. The system of claim 24, wherein the analytical test 28. The system of claim 24, wherein the carrier medium 
equipment is coupled to an outlet of the processing chamber. comprises programs instructions executable on a computer 

26. The system of claim 24, wherein the analytical test system for adjusting the compositions of the fluids during the 
equipment is coupled to an inlet of the processing chamber. electroless deposition process or processes prior to or Subse 

27. The system of claim 24, further comprising a plurality quent to the electroless deposition process. 
of storage tanks comprising the fluids, wherein the analytical 
test equipment is coupled to one or more of the storage tanks. ck 


