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(57) ABSTRACT 

Amethod is provided Which includes dispensing and remov 
ing different deposition solutions during an electroless depo 
sition process to form different sub-?lms of a composite 
layer. Another method includes forming a ?lm by an elec 
troless deposition process and subsequently annealing the 
microelectronic topography to induce diffusion of an ele 
ment Within the ?lm. Yet another method includes reiterating 
different mechanisms of deposition groWth, namely interfa 
cial electroless reduction and chemical adsorption, from a 
single deposition solution to form different sub-?lms of a 
composite layer. A microelectronic topography resulting 
from one or more of the methods includes a ?lm formed in 

contact With a structure having a bulk concentration of a ?rst 
element. The ?lm has periodic successions of regions each 
comprising a region With a concentration of a second 
element greater than a set amount and a region With a 
concentration of the second element less than the set 
amount. 



Patent Application Publication Feb. 9, 2006 Sheet 1 0f 7 US 2006/0029833 A1 

I" 
‘I’ 

X0 000x00 X000 0 0 
0X X0o X 00x0 I 

36b 

FHG. 2A 

FEG. 2C 



Patent Application Publication Feb. 9, 2006 Sheet 2 0f 7 

Positioning a microelectronic topography 
within an electroless plating chamber 

/40 

V /42 
Dispensing a first deposition solution I 

upon the microelectronic topography to I 

| 
| 

US 2006/0029833 A1 

_ __ _ L 433 

| Terminating the dispensing of the I 
| deposition solution and/or terminating I 

__)I rotation of a substrate holder upon 
I which the microelectronic topography | 

is positioned during the formation of I I 
form afirst sub-film upon the _ _ __ _ theiut?url _ __ _J 

microelectronic topography I— I 
_ _ _ _ _~_ r___!____ _4”£b| 

II‘- _ _ _ _ _ j Resuming dispensing of the | | 

Removing the first deposition solution I _I dQPPS't'O" solut'on and/0r resumlrfg | | 
from the eIectroIess pIatIng Chamber rotation of the substrate holder duringI I 

the formation of the sub-film 
F5: _____ — * 44 — — “ " — _ — — — — — F I 

46 I + | 

w " I 
_ _ __ _' ‘I Dispensing a second deposition solution upon the | | 

I Estabhshmg I microelectronic topography to form a second sub- 48 I | 
Chamber process film upon and in contact with the ?rst sub-?lm, / I 

I Parameters wherein the second sub-film comprises multiple I 
d'fferent than I elements included within the first sub-film I I 

I thoseusedfor I _ _ _ _ _ _ _______\TJ 
the formation of I‘ _ _ _ _ _ _ _ _ __ _, 

Ithe previous sub-I I _ 
I mm | Removing the second deposition solution from the / 50 
_ _ _T _ -- electroless plating chamber 

. / 52 . . _ Repeating the Relterating the Consecut'veIy / 56 
steps of 

dispensing and 
removing the 

first deposition 
solution to form 
a third sub-film 
upon and in 

contact with the 
second sub-film 

steps of dispensing 
and removing the 
first deposition 
solution and the 

steps of dispensing 
and removing the 
second deposition 
solution to form 

additional sub-films 
above the second 

sub-film 

dispensing and 
removing one or 
more additional 

deposition 
solutions different 
than the first and 
second deposition 
solutions to form 
one or more 

additional sub-films 
above the second 

sub-film 

V FIG. 3 



Patent Application Publication Feb. 9, 2006 Sheet 3 0f 7 US 2006/0029833 A1 

Forming a bulk metallic film upon a microelectronic topography using an 
electroless deposition process, wherein the bulk metallic film comprises a 

bottom portion, a top portion, and an intermediate portion interposed between 
the bottom and top portions, wherein one of the top and bottom portions 

includes a higher concentration of an element than the intermediate portion and 
the other of the top and bottom portions 

l 
Annealing the microelectronic topography to induce diffusion of the element 62 
within the bulk metallic ?lm such that the intermediate portion comprises a 
higher concentration of the ?rst element than the bottom and top portions 

60 

FIIG, 4 

Exposing a microelectronic topography to a deposition solution / 66 

l 
Forming a first sub-film portion by interfacial electroless reduction of a first 

element within the deposition solution until a second different element reaches a / 68 
certain concentration within the deposition solution, wherein the first sub-film 
comprises a higher concentration of the first element than the second element 

l 
Forming a second sub-film portion upon and in contact within the first sub-film 
portion by chemical adsorption until the first element increases to a particular / 70 
concentration within the deposition solution, wherein the second sub-film 

comprises a higher concentration of the second element than the ?rst element 

l 
Reiterating the steps of forming the ?rst and second sub-?lm portions to form a 72 

composite film comprising concentration variations of the first and second 
elements 

FIIG. 5 
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Positioning the microelectronic topography within an electroless deposition / 76 
chamber 

l 
Dispensing a deposition solution at a plurality of locations extending different 78 
distances from a center of the microelectronic topography each at a different 

moment in time during an electroless deposition process 
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Exposing a microelectronic topography arranged within an electroless / 120 
deposition chamber to a deposition solution 

l 
Introducing a gas into the electroless deposition chamber above a / 122 

plate suspended above the microelectronictopography 

l 
Distributing the gas to regions extending above one or more discrete 124 
portions of the microelectronic topography to invoke evaporation of 

the deposition solution at the one or more discrete portions 

FIG“ 12 

FIG. 13 
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METHODS FOR FORMING A BARRIER LAYER 
WITH PERIODIC CONCENTRATIONS OF 

ELEMENTS AND STRUCTURES RESULTING 
THEREFROM 

PRIORITY APPLICATION 

[0001] The present application claims priority to provi 
sional application no. 60/599,975 entitled “Methods and 
Systems for Processing a Microelectronic Topography” ?led 
Aug. 9, 2004. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention generally relates to methods for 
processing a microelectronic topography and more particu 
larly to electroless plating processes performed upon micro 
electronic topographies and structures resulting therefrom. 

[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 (also referred to herein as “elec 
troless deposition”) is a process for depositing materials on 
a catalytic surface from an electrolyte solution Without an 
external source of current. An advantage of an electroless 
plating process is that it can be selective, i.e., the material 
can be deposited only onto areas that demonstrate appropri 
ate chemical properties. In particular, local deposition 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 ratio of the deposition rate on the 
activated regions to the deposition rate at the non-activated 
regions is knoWn as the “deposition process selectivity.” For 
many applications, it is important to provide a deposition of 
high selectivity. For instance, high deposition selectivity 
may be advantageous for the formation of metal features 
Within integrated circuits, such as but not limited to contacts, 
vias, and interconnect lines. 

[0007] Another important characteristic of an electroless 
plating process is producing a deposition pro?le Which is 
commensurate With the fabrication speci?cations of the 
device. For instance, in some cases, it may be advantageous 
to have a ?lm deposited With substantially uniform thick 
ness. In cases in Which a ?lm is electrolessly deposited 
across a microelectronic topography, hoWever, obtaining 
thickness uniformity may be dif?cult. In particular, some 
electroless plating techniques are susceptible to the “edge 
effect” in Which portions of a ?lm deposited near the edge 
of the Wafer are thinner than the portions of the ?lm 
deposited near the center of the Wafer. Such an effect also 
hinders fabrication speci?cations for depositing ?lms having 
greater thicknesses near the edge of the Wafer as compared 
to near the center of the Wafer. 

[0008] As noted above, electroless plating may be used for 
the formation of metal features Within integrated circuits. In 
some cases, electroless plating techniques may be particu 
larly favorable for depositing materials into deep and/or 
narroW holes that cannot be uniformly covered by other 
deposition techniques, such as sputtering and evaporation, 
for example. In addition, electroless plating techniques may 
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be advantageous for forming copper features, complement 
ing the trend in the integrated circuit industry of employing 
copper metalliZation structures instead of aluminum, tung 
sten, silicides, or the like. In some microelectronic devices, 
a barrier layer may be arranged beneath and/or upon a metal 
feature to prevent elements Within the metal feature from 
respectively diffusing to underlying and overlying layers of 
the topography. Such barrier layers may, in some embodi 
ments, be formed by electroless plating processes. Although 
conventional barrier layers are generally suf?cient to inhibit 
most elemental diffusion from a metal feature, some diffu 
sion may still occur. For example, copper atoms are par 
ticularly notorious for being able to migrate through barrier 
layers. The migrated copper atoms can potentially be 
exposed to oxidation or moisture at the surface of the barrier 
layer or may tunnel through silicon materials disposed 
adjacent to the barrier layer, affecting the reliability of the 
device and, in some cases, causing the device to malfunc 
tion. 

[0009] It Would, therefore, be desirable to develop meth 
ods and systems for fabricating barrier layers Which inhibit 
a greater degree of elemental diffusion from overlying 
and/or underlying metal features than provided by conven 
tional barrier layers. In addition, it Would be bene?cial to 
develop systems and methods for electrolessly depositing 
?lms Without incurring the edge effect. 

SUMMARY OF THE INVENTION 

[0010] The problems outlined above may be in large part 
addressed by methods involving electroless plating pro 
cesses for the formation of metallic layers and structures 
Within microelectronic topographies. The folloWing are 
mere exemplary embodiments of the methods and resulting 
structures and are not to be construed in any Way to limit the 
subject matter of the claims. 

[0011] An embodiment of one of the methods includes 
positioning the microelectronic topography Within an elec 
troless plating chamber, dispensing a ?rst deposition solu 
tion upon the microelectronic topography to form a ?rst 
sub-?lm, and subsequently removing the ?rst deposition 
solution from the electroless plating chamber. The method 
further includes dispensing a second deposition solution 
upon the microelectronic topography subsequent to the 
removal of the ?rst deposition solution to form a second 
sub-?lm upon and in contact With the ?rst sub-?lm. The 
second sub-?lm includes multiple elements included Within 
the ?rst sub-?lm. 

[0012] An embodiment of another of the methods includes 
forming a bulk metallic ?lm upon the microelectronic topog 
raphy using an electroless plating process. The bulk metallic 
?lm includes a bottom portion, a top portion, and an inter 
mediate portion interposed betWeen the bottom and top 
portions. One of the top and bottom portions includes a 
higher concentration of a ?rst element than the intermediate 
portion and the other of the top and bottom portions. The 
method further includes annealing the microelectronic 
topography to induce diffusion of the ?rst element Within the 
bulk metallic ?lm such that the intermediate portion com 
prises a higher concentration of the ?rst element than the 
bottom and top portions. 

[0013] An embodiment of yet another of the methods 
includes exposing a microelectronic topography to a depo 
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sition solution and forming a ?rst sub-?lm portion by 
interfacial electroless reduction of a ?rst element Within the 
deposition solution until a second different element reaches 
a certain concentration Within the deposition solution. The 
?rst sub-?lm includes a higher concentration of the ?rst 
element than the second element. The method further 
includes forming a second sub-?lm portion upon and in 
contact With the ?rst sub-?lm portion by chemical adsorp 
tion until the ?rst element increases to a particular concen 
tration Within the deposition solution. The second sub-?lm 
includes a higher concentration of the second element than 
the ?rst element. In addition, the method includes reiterating 
the steps of forming the ?rst and second sub-?lm portions to 
form a composite ?lm comprising concentration variations 
of the ?rst and second elements. 

[0014] An embodiment of a microelectronic topography 
resulting from one or more of the methods includes a 
structure having a bulk concentration of a ?rst element 
disposed throughout the structure and a ?lm consisting 
essentially of one or more elements different than the ?rst 
element formed in contact With the structure. The ?lm has 
periodic successions of regions each comprising at least one 
region With a concentration of a second element greater than 
a set amount and at least one region With a concentration of 
the second element less than the set amount. 

[0015] Another embodiment of a microelectronic topog 
raphy resulting from one or more of the methods includes a 
conductive structure having a bulk concentration of copper 
disposed throughout the structure and a ?lm formed in 
contact With the conductive structure comprising alternating 
regions of comparatively greater and lesser concentrations 
of cobalt. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 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: 

[0017] FIG. 1 depicts a partial cross-sectional vieW of a 
microelectronic topography having a liner layer and cap 
layer formed about a metalliZation structure; 

[0018] FIG. 2a depicts an exemplary vieW of at least one 
of the liner layer and cap layer illustrated in FIG. 1, Which 
may serve as a partial cross-sectional vieW or a partial plan 

vieW; 

[0019] FIG. 2b depicts another exemplary vieW of at least 
one of the liner layer and cap layer illustrated in FIG. 1, 
Which may serve as a partial cross-sectional vieW or a partial 

plan vieW; 

[0020] FIG. 2c depicts yet another exemplary vieW of at 
least one of the liner layer and cap layer illustrated in FIG. 
1, Which may serve as a partial cross-sectional vieW or a 
partial plan vieW; 

[0021] FIG. 3 depicts a ?oWchart of a method for forming 
a composite metallic layer having a variation of elemental 
concentrations; 

[0022] FIG. 4 depicts a ?oWchart of an alternative method 
for forming a composite metallic layer having a variation of 
elemental concentrations; 
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[0023] FIG. 5 depicts a ?oWchart of another alternative 
method for forming a composite metallic layer having a 
variation of elemental concentrations; 

[0024] FIG. 6 depicts a ?oWchart of yet another alterna 
tive method for forming a composite metallic layer having 
a variation of elemental concentrations; 

[0025] FIG. 7 depicts a plan vieW of an electroless plating 
chamber con?gured for the method outlined in the ?oWchart 
of FIG. 6; 

[0026] FIG. 8 depicts a schematic of a computer system 
Which may be coupled to or incorporated Within the elec 
troless plating chamber illustrated in FIG. 8; 

[0027] FIG. 9 depicts a plot of solution temperature 
versus process time for a plurality of different areas of a 
microelectronic topography; 

[0028] FIG. 10a depicts a partial cross-sectional vieW of 
a microelectronic topography having a ?lm ?rst deposited 
by a reaction limited mechanism of ?lm groWth and further 
deposited by a mass diffusion limited mechanism of ?lm 
groWth; 

[0029] FIG. 10b depicts a partial cross-sectional vieW of 
a microelectronic topography having a ?lm deposited exclu 
sively by a reaction limited mechanism of ?lm groWth; 

[0030] FIG. 10c depicts a partial cross-sectional vieW of 
a microelectronic topography having a ?lm ?rst deposited 
by a reaction limited mechanism of ?lm groWth, folloWed by 
a mass diffusion limited mechanism of ?lm groWth, and 
?nally by a second reaction limited mechanism of ?lm 
groWth; 

[0031] FIG. 11 depicts a plot of solution dispensing time 
versus a plurality of different areas of a microelectronic 
topography; 

[0032] FIG. 12 depicts a ?oWchart of a method for depos 
iting a ?lm using an electroless deposition chamber; 

[0033] FIG. 13 depicts a cross-sectional vieW of an elec 
troless plating chamber con?gured for the method outlined 
in the ?oWchart of FIG. 12; 

[0034] FIG. 14 depicts a plan vieW of an exemplary test 
Wafer having distinct regions each including comparatively 
different thicknesses and comparatively different elemental 
concentrations; 

[0035] FIG. 15a depicts a partial cross-sectional vieW of 
the test Wafer illustrated in FIG. 14; and 

[0036] FIG. 15b depicts an alternative partial cross-sec 
tional vieW of the test Wafer illustrated in FIG. 14. 

[0037] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] Turning to the drawings, exemplary methods and 
systems involving electroless plating processes for the for 
mation of metallic layers and structures Within microelec 
tronic topographies are shoWn. In addition, microelectronic 
topographies resulting from the use of such methods and 
systems are shoWn. For instance, FIG. 1 illustrates a partial 
cross-sectional vieW of microelectronic topography 20 hav 
ing liner layer 28, cap layer 30, as Well as other metallic 
structures Which may be formed from the methods and 
systems described beloW in reference to FIGS. 3-13. 
Although the methods and systems described beloW are 
speci?cally discussed in reference to the formation of barrier 
layers and, therefore, are speci?c to liner layer 28 and cap 
layer 30, any of the metallic structures of microelectronic 
topography 20, including those formed beloW loWer layer 26 
and those formed above cap layer 30, may be formed by the 
methods and systems described beloW in reference to FIGS. 
3-13. 

[0039] As Will be described in more detail beloW, the 
elemental composition of liner layer 28 and cap layer 30 
may be con?gured to reduce the diffusion of elements from 
metalliZation structure 22 to loWer layer 26, dielectric layer 
24 and any layers formed upon cap layer 30, reducing 
electromigration Within an ensuing device. In addition, cap 
layer 30 may be con?gured to prevent oxidation of metal 
liZation structure 22. As such, liner layer 28 and cap layer 30 
may generally be referred to as barrier layers. Such a 
reference, hoWever, does not necessarily infer the exclusiv 
ity of the aforementioned functions. In particular, liner layer 
28 and/or cap layer may additionally or alternatively serve 
as adhesion layers and/or thermal expansion buffers. Exem 
plary elemental compositions of liner layer 28 and/or cap 
layer 30 resulting from the use of the methods and/or 
systems described in reference to FIGS. 3-13 are shoWn in 
FIGS. 2a-2c and are discussed in more detail beloW. It is 
noted that microelectronic topography 20 is not necessarily 
limited to having both liner layer 28 and cap layer 30 be 
formed by the methods and systems described herein. In 
particular, the methods and systems may be applied to either 
or both of such layers. In addition, although microelectronic 
topography 20 is shoWn including both liner layer 28 and 
cap layer 30, the topography is not necessarily so limited. In 
particular, microelectronic topography 20 may alternatively 
include only one of liner layer 28 and cap layer 30. 

[0040] In general, the term “microelectronic topography” 
may refer to a substrate resulting from or used for the 
fabrication of a microelectronic device or circuit, such as an 
integrated circuit, for example. As such, metalliZation struc 
ture 22 may be any metal feature knoWn for the fabrication 
of a microelectronic device. For example, metalliZation 
structure 22 may, in some embodiments, serve as a contact 
structure to portions of a semiconductor layer. In such cases, 
loWer layer 26 may include a semiconductor material, such 
as silicon and may, in some embodiments, be doped either 
n-type or p-type. More speci?cally, loWer layer 26 may be 
a monocrystalline silicon substrate or an epitaxial silicon 
layer groWn on a monocrystalline silicon substrate. In addi 
tion or alternatively, loWer layer 26 may include a silicon on 
insulator (SOI) layer, Which may be formed upon a silicon 
Wafer. In other cases, loWer layer 26 may include metalli 
Zation and/or an interlevel dielectric layer. In such embodi 
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ments, metalliZation structure 22 may serve as a via, an 
interconnect or any other metalliZation feature to underlying 
portions of microelectronic topography 20. 

[0041] In any case, metalliZation structure 22 may include 
one or more layers of conductive materials, including but not 
limited to copper, aluminum, tungsten, titanium, silver, or 
any alloy of such metals. In some embodiments, the methods 
and systems described herein may be particularly applicable 
to microelectronic topographies including a metalliZation 
structure having a bulk concentration of copper and, in some 
cases, consisting essentially of copper. In particular, copper 
has a relatively loW resistivity and, therefore, is often 
favorable to use for metalliZation structures in microelec 
tronic devices. As noted above, copper atoms are particu 
larly notorious for their propensity to diffuse through mate 
rials. The methods and systems described herein, hoWever, 
offer manners in Which to fabricate barrier layers around 
copper metalliZation structures to substantially minimiZe or 
eliminate the diffusion of copper to other layers. 

[0042] In some embodiments, metalliZation structure 22 
may, in some embodiments, be fabricated by electroless 
plating techniques, including those described herein as Well 
as others knoWn in the microelectronic fabrication industry. 
In other embodiments, metalliZation structure 22 may be 
formed by other deposition techniques knoWn in the micro 
electronic fabrication industry, such as but not limited to 
sputtering or evaporation. In either case, metalliZation struc 
ture 22 may be formed Within a trench formed Within 
dielectric layer 24. Such a fabrication sequence may be 
particularly advantageous for the incorporation of liner layer 
22 Within microelectronic topography 20. In other embodi 
ments, dielectric layer 24 may be formed subsequent to and 
about metalliZation structure 22. 

[0043] Dielectric layer 24 may include one or more of 
various dielectric materials used in microelectronic fabrica 
tion. For example, dielectric layer 24 may include silicon 
dioxide (SiOZ), silicon nitride (S'ngNy), silicon dioxide/sili 
con nitride/silicon dioxide (ONO), silicon carbide, carbon 
doped SiO2, or carbonated polymers. In some cases, dielec 
tric layer 24 may be undoped. Alternatively, dielectric layer 
24 may be doped to form, for example, loW doped boro 
phosphorus silicate glass (BPSG), loW doped phosphorus 
silicate glass (PSG), or ?uorinated silicate glass (FSG). In 
some embodiments, dielectric layer 24 may be formed from 
a loW-permittivity (“loW-k”) dielectric, generally knoWn in 
the art as a dielectric having a dielectric constant of less than 
about 3.5. One loW-k dielectric in current use, Which is 
believed to make a conformal ?lm, is ?uorine-doped silicon 
dioxide. In any case, dielectric layer 24 may have a thickness 
betWeen approximately 2,000 angstroms and approximately 
10,000 angstroms. Larger or smaller thicknesses of dielec 
tric layer 24, hoWever, may be appropriate depending on the 
microelectronic device being formed. 

[0044] As noted above, the elemental composition of liner 
layer 28 and cap layer 30 may be con?gured to reduce the 
diffusion of elements from metalliZation structure 22. As 
such, the selection and arrangement of the elements included 
Within liner layer 28 and cap layer 30 may, in some embodi 
ments, depend on the elements included in metalliZation 
structure 22. In embodiments in Which metalliZation struc 
ture 22 includes copper, the inclusion of cobalt Within liner 
layer 28 and cap layer 30 may be particularly bene?cial 
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since copper has relatively loW solubility With cobalt. Other 
materials Which may be additionally or alternatively 
included Within liner layer 28 and cap layer 30 may include 
phosphorus, boron, tungsten, chromium, molybdenum, 
nickel, palladium, rhodium, ruthenium, oxygen, and hydro 
gen. 

[0045] Exemplary alloys Which may be employed for liner 
layer 28 and cap layer 30 include but are not limited to 
cobalt-tungsten-phosphorus (CoWP), cobalt-tungsten-boron 
(CoWB), cobalt-tungsten-phosphorus-boron (CoWPB), 
cobalt-molybdenum-boron (CoMoB), cobalt-molybdenum 
phosphorus (CoMoP), cobalt-molybdenum-chromium 
(CoMoCr), and cobalt-molybdenum-chromium-boron 
(CoMoCrB). In other embodiments, liner layer 29 and/or 
cap layer 30 may include single element layers of palladium, 
rhodium and ruthenium. It is noted that although hydrogen 
is not listed as an element With such exemplary materials, it 
may be incorporated therein as a result of the electroless 
plating process as described in more detail beloW. In some 
embodiments, liner layer 29 and cap layer 30 may include 
the same collection of elements and, in some cases, a similar 
arrangement of elements. In other cases, hoWever, liner layer 
29 and cap layer 30 may include different arrangements of 
elements and, in some embodiments, a different collection of 
elements. 

[0046] In some embodiments, liner layer 28 and/or cap 
layer 30 may include a variation of elemental concentrations 
throughout the layers to reduce the diffusion of elements 
from metalliZation structure 22 therethrough. In particular, 
liner layer 28 and/or cap layer 30 may include different 
concentrations of elements in different regions of the layer. 
Exemplary elemental compositions of liner layer 28 and/or 
cap layer 30 are shoWn in FIGS. 2a-2c. In some cases, the 
variation of elements Within liner layer 28 and cap layer 30 
may be arranged in sub-layers vertically disposed Within the 
?lms. As such, FIGS. 2a-2c may, in some embodiments, 
illustrate partial cross-sectional vieWs of liner layer 28 
and/or cap layer 30. In other cases, the variation of elements 
may be additionally or alternatively arranged in regions 
extending horiZontally betWeen lateral edges of the ?lms. As 
such, FIGS. 2a-2c may alternatively illustrate partial plan 
vieWs of the upper surface of cap layer 30. In such embodi 
ments, liner layer 28 may, in some cases, include a similar 
horiZontal variation of elements and, therefore, FIGS. 2a-2c 
may apply to liner layer 28 for horiZontal variations of 
elements as Well. In some cases, the variation of element 
concentrations may vary both horiZontally and vertically 
Within the ?lms and, therefore, FIGS. 2a-2c may be repre 
sentative of either a cross-sectional vieW or a plan vieW of 
the layers. 

[0047] As shoWn in FIG. 2a, liner layer 28 and/or cap 
layer 30 may, in some embodiments, include alternating 
regions of comparatively greater and lesser concentrations 
of an element. More speci?cally, FIG. 2a illustrates an 
arrangement of atoms of an element (each atom shoWn as an 
“x” in FIG. 2a) Which, in an effect, partitions the layer into 
regions 32 comprising comparatively feWer atoms of the 
element and regions 34 comprising comparatively greater 
quantities of atoms of the element. Regions 32 and 34 are 
disposed along opposing sides of each other and, therefore, 
alternative through the ?lm. Regions 32 and regions 34 may 
be differentiated from each other by including concentra 
tions of an element Which respectively ?t into different 
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ranges of concentrations. For example, in some embodi 
ments, regions 32 may include betWeen approximately 30% 
and approximately 50% of an element, While regions 34 may 
include betWeen approximately 5% and approximately 20% 
of an element. Larger or smaller ranges and magnitudes of 
elemental concentrations may be employed depending on 
the element of differing concentration and the design speci 
?cations of the device. Consequently, the barrier ?lms 
disclosed herein are not necessarily limited to the aforemen 
tioned values. Since regions 32 and regions 34 are differ 
entiated by different ranges of elemental concentrations, 
neither regions 32 nor regions 34 need to necessarily include 
the same concentrations of an element as shoWn in FIG. 2a. 
Noting such a scope of the ?lm, the elemental concentrations 
of regions 32 and 34 are not necessarily restricted to having 
different elemental concentrations either. Therefore, in some 
cases, tWo or more of the respective regions may include the 
same elemental concentration. 

[0048] It is noted that elemental atoms other than the one 
shoWn in FIG. 2a may be included Within liner layer 28 and 
cap layer 30. In addition, although FIG. 2aillustrates varia 
tion of only a single element Within liner layer 28 and cap 
layer 30, other elements Within the ?lm may vary. In some 
embodiments, the other elements may vary in a similar 
manner as element x and, therefore, may be disposed Within 
regions 34 and 32 having comparatively greater and lesser 
concentrations, respectively. In other embodiments, regions 
32 and 34 may include an opposite arrangement of greater 
and lesser concentrations of the one or more elements. In 
particular, regions 32 may include a loW concentration of 
element x and a high concentration of another element and 
vice versa for regions 34. In yet other embodiments, the 
concentration variation of the other element may not alter 
nate through the ?lm, but may folloW its oWn succession of 
regions having varying concentrations of the element. In any 
case, regions 32 and 34 are not restricted to having the same 
concentration levels of different elemental atoms. In par 
ticular, regions 32 and 34 may include different ranges of 
concentrations for each element. Alternatively, the concen 
tration of other elements may not substantially vary through 
the ?lm. 

[0049] An alternative arrangement of elements for liner 
layer 28 and cap layer 30 is illustrated in FIG. 2b. In 
particular, FIG. 2b illustrates liner layer 28 and cap layer 30 
having concentration variations of tWo different elements 
(atoms of the elements shoWn as “x” and “o”). As shoWn in 
FIG. 2b, the relative concentrations of the elements do not 
alternate through the ?lms, but rather are disposed as peri 
odic successions of regions 36. More speci?cally, periodic 
successions of regions 36 are shoWn having three regions 
With relatively different concentrations of element atoms “x” 
and “0.” Although periodic successions of regions 36 are 
shoWn to include three regions, liner layer 28 and cap layer 
30 are not necessarily so restricted. In particular, periodic 
successions of regions 36 may include any plurality of 
regions. 

[0050] Each of periodic successions of regions 36 includes 
at least one region With a concentration of an element greater 
than a set amount and at least one region With a concentra 
tion of the element less than the set amount. The set amounts 
may generally depend on the individual element and the 
design speci?cations of the ?lm and, therefore, may vary 
betWeen approximately 1% and approximately 99%. Set 
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amounts for the multiple elements Within a ?lm are gener 
ally independent of each other. As shown in FIG. 2b, 
periodic successions of regions 36 may include region 36a 
having a greater concentration of elemental atoms “X” and 
“0” than region 36b, Which includes a greater concentration 
than region 36c. In such cases, region 36a may include a 
concentration of elemental atoms “X” and “o” greater than a 
set amount and region 36c may include a concentration of 
elemental atoms “X” and “0” less than the set amount. 
Region 36b may ?t into either of such categories, depending 
on the design speci?cations of the ?lm. As such, periodic 
successions of regions 36 may include a series of regions 
having incrementally increasing relative concentrations. In 
other embodiments, regions 36a, 36b, and 36 may be 
arranged in an alternative sequence, such as having regions 
36a or 36c interposed betWeen the other regions such that 
progression of elemental concentrations through periodic 
successions of regions 36 is not incremental. 

[0051] In any case, periodic successions of regions 36 may 
include regions Which are differentiated from each other by 
respectively different ranges of elemental concentrations. As 
such, each of regions 36a (as Well as each of regions 36b and 
36c) do not necessarily need to include the same concen 
trations of elemental atoms “X” or “0.” Furthermore, peri 
odic successions of regions 36 are not restricted to having 
the same concentration levels of element atoms “X” and “o.” 
In particular, regions 36a, 36b and 36c may include different 
ranges of concentrations for each element. Moreover, the 
relative level of elemental concentrations among regions 
36a, 36b, and 36c may be different for each of the elements 
respectively associated With atoms “X” and “o.” For 
eXample, region 36a may alternatively include the relatively 
highest amount of elemental atoms “X” and include the 
relatively loWest amount of elemental atoms “0” among 
each succession of regions 36. In other embodiments, region 
36b or 36c may alternatively include the relatively highest 
amount of elemental atoms “X” and the relatively loWest 
amount of elemental atoms 0 among each succession of 
regions 36. 

[0052] Another alternative composition of elements for 
liner layer 28 and/or cap layer 30 is illustrated in FIG. 2c. 
In particular, FIG. 2c illustrates liner layer 28 and/or cap 
layer 30 including region 38 With a relatively high concen 
tration of element “+” interposed betWeen regions 39 having 
comparatively loWer concentrations of the element. As 
described in more detail beloW, such an arrangement may be 
resultant of the method described beloW in reference to FIG. 
4, although it is not necessarily limited to such a method of 
formation. As With regions 32 and 34 of FIG. 2a, regions 39 
do not necessarily need to include the same concentration of 
element “+.” Rather, regions 39 may include concentrations 
of an element Which ?ts into a different range of concen 
trations than the concentration of region 38. In addition, 
region 38 is not restricted to being centered Within liner layer 
28 and cap layer 30. 

[0053] It is noted that liner layer 28 and cap layer 30 are 
not necessarily restricted to the con?gurations illustrated in 
FIGS. 2a-2c. In particular, liner layer 28 and cap layer 30 
may include any variation of elemental concentrations 
among distinct regions of the ?lms. In some embodiments, 
it may be particularly advantageous for at least one of liner 
layer 28 and cap layer 30 to include a periodic arrangement 
of concentration levels in order to inhibit diffusion from 
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metalliZation structure 22. In particular, liner layer 28 and/or 
cap layer 30 may include different concentrations of one or 
more elements at regular intervals of the layer as shoWn in 
FIGS. 2a and 2b, for eXample. In other embodiments, the 
variation of elemental concentration shoWn in FIG. 2c may 
be appropriate to inhibit diffusion from metalliZation struc 
ture 22. 

[0054] In general, the elements Which are con?gured to 
vary Within liner layer 28 and/or cap layer 30 may be any of 
the elements Which may be included Within the ?lms. In 
particular, the elements having varying concentrations in 
liner layer 28 and cap layer 30 may be cobalt, phosphorus, 
boron, tungsten, chromium, molybdenum, nickel, palla 
dium, rhodium, ruthenium and/or hydrogen. As noted above, 
copper has relatively loW solubility With cobalt and, there 
fore, it may be advantageous to vary the concentration of 
cobalt Within liner layer 28 and/or cap layer 30 in some 
embodiments. In particular, a variation of cobalt concentra 
tion throughout liner layer 28 and cap layer 30 may sub 
stantially reduce the migration of copper through the ?lms 
compared to embodiments in Which the concentration of 
cobalt is substantially even. In turn, the likelihood of copper 
atoms reaching surrounding layers may be reduced. In some 
cases, the level of cobalt concentration may alternate 
through liner layer 28 and cap layer 30. Consequently, in 
some cases, liner layer 28 and cap layer 30 may include a 
composite ?lm of alternating cobalt-rich and cobalt-poor 
regions. 

[0055] In any case, it may be further advantageous to 
include a relatively high concentration of cobalt in regions 
of liner layer 28 and/or cap layer 30 directly adjacent and in 
contact With metalliZation structure 22 to improve the adhe 
sion to the copper material. Such an arrangement, hoWever, 
is not necessarily required and, therefore, microelectronic 
topography 20 is not intended to be restricted to such a 
con?guration. As noted above, liner layer 28 and cap layer 
30 may include periodic regions of different concentrations 
of other elements as Well or alternatively. It is noted that the 
variation of symbols denoting different elemental atoms in 
FIGS. 2a-2c (i.e., “X,”“o,” and “+”) do not necessarily 
imply that the different con?gurations are particular to 
speci?c elements or combinations of elements. The differ 
entiation is merely shoWn to emphasiZe that different ele 
ments may be formed in a periodic manner Within barrier 
layers. 

[0056] Although variations of elemental concentrations 
Within liner layer 28 and cap layer 30 may differ depending 
on the design speci?cations of microelectronic topography 
20, some eXemplary ranges may be applicable to many 
applications. For instance, an eXemplary cobalt concentra 
tion variation may be betWeen, for eXample, approXimately 
10% and approXimately 30%, or more speci?cally, a varia 
tion of approXimately 20%. In addition, an eXemplary varia 
tion of phosphorus concentration may be betWeen approXi 
mately 3% and approXimately 12% and a variation of boron 
concentration may be betWeen approXimately 1% and 
approXimately 2%. In some cases, liner layer 28 and cap 
layer 30 may include a concentration variation of molybde 
num betWeen approXimately 1% and approXimately 50%. 
Larger or smaller variations of concentrations may be 
employed for any of such elements as Well as the other 
elements listed for liner layer 28 and cap layer 30 and, 
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therefore, the aforementioned limitations do not necessarily 
limit the range of elemental concentrations Within the layers. 

[0057] Several methods are described herein for forming a 
barrier layer (such as liner layer 28 and/or cap layer 30) With 
a variation of the components. For example, one method for 
forming a barrier layer With a vertical variation of elemental 
concentrations may include depositing a plurality of sub 
layers having different concentrations of elements. A ?oW 
chart of a method of depositing a plurality of sub-layers 
having different concentrations of elements is shoWn in FIG. 
3. As shoWn in blocks 40 and 42 of FIG. 3, the method may 
include positioning a microelectronic topography Within an 
electroless plating chamber and dispensing a ?rst deposition 
solution upon the microelectronic topography to form a ?rst 
sub-layer upon the microelectronic topography. In some 
embodiments, the process may further include rotating a 
substrate holder upon Which the microelectronic topography 
is positioned to facilitate the distribution of the ?rst depo 
sition solution across the topography. The ?rst sub-layer 
may include one or more elements formed Within individual 
concentration ranges. 

[0058] In some embodiments, the distribution of the ?rst 
deposition solution may be a single continuous ?oW across 
the surface of microelectronic topography. In other embodi 
ments, the distribution of the ?rst deposition solution may be 
a series of fragmented depositions of the solution at different 
locations extending different distances from a center of the 
microelectronic topography. Such a technique may induce a 
horiZontal variation of element concentrations Within the 
?rst sub-layer and, in some cases, subsequent sub-?lms. 
Consequently, the ensuing composite layer may include both 
vertical and horiZontal variations of elemental concentra 
tions. An exemplary method and system for dispensing 
deposition solution in a series of fragmented times and 
locations are described in more detail beloW in reference to 
FIGS. 6-8. In some cases, the method may additionally or 
alternatively be performed in a chamber con?gured to 
induce a variation of evaporation rates across a topography 
such that a horiZontal variation of elemental concentrations 
Within the ?rst and/or subsequent sub-?lms may be obtained 
by such a manner. An exemplary method and system for 
varying evaporation rates across a microelectronic topogra 
phy during an electroless deposition chamber are described 
in more detail beloW in reference to FIGS. 12 and 13. 

[0059] In any case, the method may, in some embodi 
ments, include blocks 43a and 43b in Which dispensing the 
deposition solution and/or rotation of the substrate holder 
(When so applied) is terminated and subsequently resumed 
during the deposition of the ?rst sub-?lm. In some embodi 
ments, the processes associated With blocks 43a and 43b 
may be conducted as a single sequence of steps as indicated 
by the single direction arroW betWeen the blocks. In other 
cases, the processes associated With blocks 43a and 43b may 
be reiterated multiple times during the deposition process as 
indicted by the bi-directional arroW betWeen the blocks. In 
such embodiments, the sequence of steps may end With 
either of the processes When the method continues onto 
block 44 even though FIG. 1 illustrates the method con 
tinuing on to block 44 from block 43b. In either case, the 
sequence of steps may advantageously facilitate a substan 
tial uniform deposition of elemental components across the 
topography Within the ?rst sub-?lm While still preventing 
the accumulation of bubbles upon the topography during 
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deposition, as described in more detail beloW. The sequence 
of steps may additionally or alternatively be used during the 
deposition of subsequent sub-?lms as Well. As such, 
although the overall method described in reference to FIG. 
3 is used to fabricate a composite barrier layer With a 
variation of elemental concentrations (i.e., among the dif 
ferent sub-?lms), the sub-?lm layers themselves may be 
formed to have a substantially uniform distribution and 
concentration of elements. 

[0060] It is theoriZed that the adsorption potential of 
charged molecules Within a deposition solution is in?uenced 
by the ratio of different surface materials (e.g., amount of 
conductive surfaces versus dielectric surfaces) Within a 
given area of a topography. In particular, it is theoriZed that 
an area With a greater density of conductive structures (i.e., 
an area With relatively less dielectric surface material) may 
have a stronger af?nity for adsorbing charged molecules 
than an area of relatively loWer density of conductive 
structures. As a result, the area With the greater density of 
conductive structures may have a different concentration and 
distribution of elements than the area With the lesser density 
of conductive structures. It has been discovered, in conjunc 
tion With the development of the methods described herein, 
that the termination of dispensing the deposition solution 
and/or the termination of rotating the substrate holder during 
the deposition of a ?lm may reduce or negate variations of 
charged molecule adsorption potentials relative to areas of a 
topography having different densities of surface materials. 
In particular, it has been found that the termination of one or 
more of the processes associated With block 43a alloWs ?lms 
having substantially similar distribution and concentration 
of elements to be deposited across a topography. 

[0061] In some cases, hoWever, the termination processes 
of block 43a may cause the formation of bubbles upon the 
microelectronic topography. The formation of bubbles dur 
ing electroless deposition processes often cause undesirable 
random non-uniformity in deposition thickness and, in some 
cases, cause defects to be formed Within the ?lm. The 
recommencement of dispensing the deposition solution and/ 
or rotating the substrate holder as noted in block 43b, 
hoWever, may advantageously remove bubbles formed from 
the termination processes. As a result, a ?lm having a 
substantially uniform elemental composition, uniform thick 
ness, a minimal number or no defects may be deposited With 
the technique described herein. 

[0062] In general, the duration of termination and resump 
tion of the processes described in reference to FIG. 43a and 
43b may be betWeen approximately 0.5 seconds and 
approximately 1 minute. Shorter or longer durations, hoW 
ever, may be employed for each of such processes. In some 
embodiments, it may be advantageous for the termination of 
the processes to be short, such as betWeen approximately 0.5 
seconds and approximately 5 seconds, or more speci?cally 
about 2 seconds, to reduce the formation of bubbles during 
the deposition process. In some cases, it may be bene?cial 
for the termination of the processes to be shorter than the 
duration for Which the processes are resumed. For example, 
in some embodiments, it may be advantageous to resume the 
processes for a duration betWeen approximately 15 seconds 
and approximately 45 seconds, or more speci?cally about 30 
seconds. In other cases, hoWever, the duration of the pro 
cesses may be the same or the termination of the processes 
may be longer than the duration for resuming the processes. 
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In yet other embodiments, blocks 43a and 43b and the 
associated termination and resuming processes may be omit 
ted from the method described in reference to FIG. 3. 
Blocks 43a and 43b and the arroWs extending to and from 
it are outlined With dotted lines indicating the steps are 
optional. 

[0063] In any case, the method may continue by removing 
the ?rst deposition solution from the electroless plating 
chamber and subsequently dispensing a second deposition 
solution upon the microelectronic topography to form sec 
ond sub-layer upon and in contact With the ?rst sub-layer as 
respectively noted by blocks 44 and 48 in FIG. 3. As With 
the formation of the ?rst sub-layer, the disbursement of the 
second deposition solution may be a single continuous ?oW 
or may be a series of fragmented depositions. In addition, the 
method may, in some embodiments, continue to blocks 43a 
and 43b such that the deposition of the second sub-?lm 
includes the termination of dispensing the deposition solu 
tion and/or the termination of rotating the substrate holder as 
similarly described above for the formation of the ?rst 
sub-?lm. 

[0064] In any case, the second sub-layer may include 
multiple elements Which are also included Within the ?rst 
sub-layer. In some embodiments, the second sub-layer may 
consist essentially of the same elements as included in the 
?rst sub-layer. In other embodiments, hoWever, the ?rst and 
second sub-layer may include some different elements. In 
any case, the second sub-layer may include one or more 
elements having concentrations Within different ranges than 
employed Within the ?rst sub-layer. In other Words, a 
concentration of at least one of the elements Within the 
second sub-layer may differ from a concentration of the 
same element Within the ?rst sub-layer. In this manner, the 
method induces a vertical variation of elemental concentra 
tions. 

[0065] As shoWn in FIG. 3, the method may, in some 
embodiments, include block 46 in Which chamber process 
parameters different than those used for the formation of the 
previous sub-?lm are established. The incorporation of 
block 46 prior to the formation of the second sub-layer, as 
shoWn in FIG. 3, may in turn include establishing chamber 
process parameters different than those used during the 
formation of the ?rst sub-layer. Such different process 
parameters may be Wholly or partially responsible for the 
variations of elemental concentrations betWeen the ?rst and 
second sub-layers. In particular, the change in parameters by 
Which the electroless deposition process is conducted may 
be suf?cient to affect the concentration of elements Within 
the second sub-layer as compared to the ?rst sub-layer. Such 
in?uential process parameters may include but are not 
limited to temperature, pressure, and the type of ambient gas 
included Within the electroless plating chamber. 

[0066] In some embodiments, the ?rst and second depo 
sitions solutions may include the same compositions and, 
therefore, the changes of chamber process parameters may 
be Wholly responsible for the variations of elemental con 
centrations betWeen the ?rst and second sub-layers. In other 
embodiments, the ?rst and second depositions solutions may 
include different compositions and, therefore, the changes of 
chamber process parameters may be partially responsible for 
the variations of elemental concentrations betWeen the ?rst 
and second sub-layers. In yet other embodiments, block 46 
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may not be employed prior to the formation of the second 
sub-layer. In such cases, the variation of compositions 
among the ?rst and second deposition solutions may be 
Wholly responsible for the variation of elemental concen 
trations betWeen the ?rst and second sub-layers. Block 46 
and the arroWs eXtending to and from it are outlined With 
dotted lines indicating the step is optional and, therefore, 
block 46 and the associated establishment of different cham 
ber process parameters may be omitted in some cases. 

[0067] Regardless of Whether different chamber process 
parameters are established prior to the formation of the 
second sub-layer, the second deposition solution may be 
removed from the electroless plating chamber subsequent to 
the formation of the second sub-layer as shoWn by block 50 
in FIG. 3. Thereafter, the method may folloW several 
different routes. In particular, the method may, in some 
embodiments, end at block 58 after the removal of the 
second deposition solution from the electroless plating 
chamber. Alternatively, the method may include repeating 
the steps of dispensing and removing the ?rst deposition 
solution (described in reference to block 42 and 44 ) to form 
a third sub-layer upon and in contact With the second 
sub-layer as shoWn by block 52 in FIG. 3. As With the 
second sub-layer, the third sub-layer may include a multiple 
of the same elements included Within the ?rst sub-layer. In 
addition, the method may, in some embodiments, continue to 
blocks 43a and 43b such that the deposition of the third 
sub-?lm includes the termination of dispensing the deposi 
tion solution and/or the termination of rotating the substrate 
holder as similarly described above for the formation of the 
?rst sub-?lm. 

[0068] In some cases, the third sub-layer may consist 
essentially of the same elements as included in the ?rst 
sub-layer. In other embodiments, hoWever, the ?rst and third 
sub-layers may include some different elements. In either 
case, the third sub-layer may, in some embodiments, include 
a concentration of at least one element Which is closer to a 
concentration of the same element With the ?rst sub-layer 
than a concentration of the same element Within the second 
sub-layer. In particular, the third sub-layer may include one 
or more elements having concentrations Within the same 
ranges as employed Within the ?rst sub-layer. In this manner, 
the method may induce a periodic variation of an element 
concentration similar to but not limited to the con?gurations 
described in reference to FIGS. 2a and 2c. In other embodi 
ments, the third sub-layer may include a substantially dif 
ferent concentration of an element included Within the ?rst 
and second sub-layers and, therefore, may be similar to the 
con?guration described in reference to FIG. 2b. 

[0069] FolloWing an alternative route, the method may 
include reiterating the steps of dispensing and removing the 
?rst deposition solution (described in reference to block 42 
and 44) and the steps of dispensing and removing the second 
deposition solution (described in reference to block 48 and 
50) to form additional sub-layers above the second sub-layer 
as shoWn in block 54 of FIG. 3. In addition or alternatively, 
the method may include consecutively dispensing and 
removing one or more additional deposition solutions dif 
ferent than the ?rst and second deposition solutions to form 
one or more additional sub-layers above the second sub 
layer as noted in block 56. In either case, the additional ?lms 
may be con?gured to induce a periodic variation of an 
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elemental concentration With the ?rst and second sub-?lms 
similar to but not limited to the con?gurations described in 
reference to FIGS. 2a-2c. 

[0070] In addition, the processes embodied by blocks 54 
and 56 may be repeated any number of times to form the 
composite barrier layer. For example, the processes may be 
repeated to form up to approximately 100 sub-?lm layers. In 
some embodiments, a composite barrier layer of less than 
?ve sub-?lms may be advantageous to minimiZe the thick 
ness of the ensuing barrier layer, but is not necessarily 
limited for such reasons. The thickness of each sub-?lm 
formed by the method described in FIG. 3 may be betWeen 
approximately 0.5 nm and approximately 100 nm, or more 
speci?cally betWeen approximately 0.5 nm and approxi 
mately 50 nm. Sub-?lms With larger or smaller thicknesses, 
hoWever, may be used to form the composite barrier layer 
described herein. It is noted that the method may, in some 
embodiments, continue to blocks 43a and 43b for any 
number of the sub-?lms formed by blocks 54 and 56 and, 
therefore, the deposition of such sub-?lms may, in some 
embodiments, include the termination of dispensing the 
deposition solution and/or the termination of rotating the 
substrate holder as similarly described above for the forma 
tion of the ?rst sub-?lm. 

[0071] As shoWn by the dotted lines to block 46 after the 
progression of steps through block 50 in FIG. 3, the method 
may sometimes include establishing chamber process 
parameters different than those used for the formation of the 
previous sub-layer after the removal of the second deposi 
tion solution. In particular, FIG. 3 shoWs that the method 
may, in some embodiments, include block 46 subsequent to 
block 50 and prior to any of blocks 52, 54, 56 or 58. The 
incorporation of block 46 subsequent to the formation of the 
second sub-layer thus may include establishing chamber 
process parameters different than those used during the 
formation of the second sub-layer. In some embodiments, 
the chamber process parameters may further be different 
from the chamber process parameters used during the for 
mation of the ?rst sub-layer. In such cases, the sub-layer 
formed upon the second sub-layer may include different 
elemental concentrations than the ?rst and second sub 
layers. In yet other embodiments, the chamber process 
parameters may be substantially similar to the parameters 
used during the formation of the ?rst sub-layer such that a 
composite barrier layer having alternating regions of com 
paratively greater and lesser concentrations of one or more 

elements may be formed. 

[0072] As With the optional modi?cation of chamber pro 
cess parameters prior to the formation of the second sub 
layer discussed above, the change of process parameters 
prior to the formation of additional sub-layers above the 
second sub-layer may be Wholly or partially responsible for 
the variations of elemental concentrations betWeen the addi 
tional sub-layers and the second sub-layer. As such, depo 
sition solutions dispensed upon the microelectronic topog 
raphy subsequent to the removal of the second deposition 
solution may include the same or different elemental com 
positions as the ?rst and second deposition solutions. It is 
further noted that block 46 may be incorporated into the 
method directly prior to one or more of the individual 
additional sub-?lms referenced With respect to blocks 54 and 
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56. Reference arroWs indicating such possibilities have been 
omitted from FIG. 3 to simplify the draWing. 

[0073] In general, the process parameters for the deposi 
tion of the sub-?lms With respect to the method depicted in 
FIG. 3 (as Well as the other methods described herein) may 
depend on the design speci?cations of the sub-?lms, such as 
but not limited to their elemental compositions and thick 
nesses, for example. Some exemplary process parameters, 
hoWever, may include deposition solution ?oWs betWeen 
approximately 0.5 L/min and approximately 10 L/min and, 
in some embodiments, approximately 2 L/min. In addition, 
Wafer rotating speeds during deposition may be betWeen 
approximately 1 rpm and approximately 100 rpm and, in 
some embodiments, approximately 30 rpm. In some 
embodiments, Wafer rotation speeds during the removal of 
the deposition solutions may be faster, such as betWeen 
approximately 150 rpm and approximately 2000 rpm and, in 
some cases, approximately 300 rpm. In this manner, the 
processing time betWeen deposition cycles may be mini 
miZed. For example, in some embodiments, the processing 
time betWeen deposition cycles may be approximately 5 
seconds. The process time to deposit the sub-?lms, on the 
other hand, may be betWeen approximately 10 seconds and 
a feW minutes, and more speci?cally, betWeen approxi 
mately 10 seconds and approximately 30 seconds. Further 
more, the temperature at Which the electroless deposition 
process occurs may be betWeen approximately 20° C. and 
approximately 120° C., or more speci?cally, betWeen 
approximately 55° C. and approximately 90° C. In general, 
larger or smaller temperatures and sloWer and/or faster 
deposition ?oWs, Wafer rotation speeds, and process cycles 
times may be used to form the composite barrier layer and, 
therefore, the methods described herein are not necessarily 
limited to the aforementioned values. 

[0074] Tables 1 and 2 beloW outline exemplary composi 
tions of deposition solutions and chamber process param 
eters associated With the methods described herein, particu 
larly in reference to FIG. 3 but not necessarily so limited. In 
particular, Tables 1 and 2 outline exemplary compositions of 
deposition solutions and chamber process parameters for 
depositing sub-?lms of a composite barrier layer With a 
vertical variation, and in some embodiments a horiZontal 

variation, of elemental concentrations. More speci?cally, 
Table 1 displays exemplary compositions of deposition 
solutions and chamber process parameters used to form 

sub-?lms of cobalt-tungsten-phosphorus (CoWP), cobalt 
tungsten-phosphorus-boron (CoWPB), cobalt-molybde 
num-phosphorus (CoMoP), cobalt-molybdenum-phospho 
rus (CoMoP), and cobalt-molybdenum-chromium-boron 
(CoMoCrB). Table 2, on the other hand, displays exemplary 
compositions of deposition solutions and chamber process 
parameters used to form sub-?lms of some of such cobalt 

alloys With relatively high concentrations of W and Mo, 
such as greater than approximately 25%, for example. Table 
2 also displays exemplary compositions of deposition solu 
tions and process parameters used to form ruthenium (Ru) 
sub-?lms. 
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TABLE 1 
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Exemplary Compositions of Deposition Solutions and Chamber Process Parameters 
used to form Films of CoWP CoWPB CoWB CoMoB and CoMoCrB 

Compound CoWP CoWPB CoWB CoMoB CoMoCrB 

Cobalt sulfate heptahydrate 18 g/L 18 g/L 9-28 g/L 3-26 g/L 3-26 g/L 
Dimethylamine borane 0.6 g/L 0.8-6.0 g/L 0.6-6.0 g/L 0.6—6.0 g/L 
Hypophosphorous acid 8 g/L 14 g/L 
Citric acid monohydrate 57 g/L 57 g/L 42-84 g/L 28-84 g/L 28-84 g/L 
Pyrophosphoric acid 0—35.6 g/L 0—35.6 g/L 
Tungsten (VI) oxide 6 g/L 17 g/L 4-17 g/L 
Molybdenum (VI) oxide 0.01-0.45 g/L 0.01-0.45 g/L 
Chromium (III) chloride 0.001—5.0 g/L 
hexahydrate 
Boric acid 24 g/L 16 g/L 0-31 g/L 0-31 g/L 0-31 g/L 
TMAH pH up to 9.4 pH up to 9.4 pH 9.0-9.5 pH = 8.8-9.5 pH = 8.8—9.5 
Maleic acid 0-1.5 g/L 0-1.5 g/L 0-1.5 g/L 
HEDTA 0—2.0 g/L 0—2.0 g/L 0—2.0 g/L 
Temperature 90° C. 90° C. >70° C. >65° C. >65° C. 
Surfactant PPG, RE-61O PPG, RE-61O PPG, RE-610, PPG, RE-610, PPG, RE-610, 

Triton X-100 Triton X-100 Triton X-100 
Deposition rate 15-20 nm/min 15-25 nm/min 20-200 nm/min 20-250 nm/min 

PPG Epoly—propylene glycol 
RE-610 EGAFAC RE-610, complex phosphate esters, manufactured by GAF Corp., New York, New York 
Triton X-100 Eoctylphenoxy polyethoxy ethanol, manufactured by Rohm and Haas, Philadelphia, Pa. 

[0075] 

TABLE 2 

Exemplary Compositions of Deposition Solutions and Chamber Process 
Parameters used to form Films of CoWPB CoWB CoMoB CoMoCrB and Ru 

CoWPB CoWB CoMoB CoMoCrB 
Compound (high W) (high W) (high Mo) (high Mo) Ru 

Cobalt sulfate heptahydrate 18 g/L 18 g/L 16 g/L 16 g/L 
Ruthenium nitroso chloride 2.36 g/L 
Dimethylamine borane 1.5 g/L 2 g/L 3.0 g/L 3.0 g/L 
Hypophosphorous acid 7 ml/L 
Citric acid monohydrate 84 g/L 84 g/L 63 g/L 63 g/L 
Tungsten(VI) oxide 17 g/L 17 g/L 
Molybdenum(VI) oxide 0.36 g/L 0.36 g/L 
Chromium(III) chloride 1 g/L 
hexahydrate 
Boric acid 15.5 g/L 15.5 g/L 15.5 g/L 15.5 g/L 
NH4OH 31 ml/L 
Hydroxylamine sulfate 0.75 g/L 
Hydrazine sulfate 23 g/L 
Maleic acid 0.38 g/L 1.5 g/L 1.5 g/L 
HEDTA 0.5 g/L 2.0 g/L 2.0 g/L 
EDTA 5 g/L 
Temperature 90° C. >80° C. >70° C. >70° C. >70° C. 
Surfactant PPG, RE-610 PPG, RE-610 PPG, RE-610 PPG, RE-610 
Deposition rate 15-35 nm/min 20-70 nm/min 20-100 nm/min 20-100 nm/min 20-40 nm/min 

PPG Epoly—propylene glycol 
RE-610 EGAFAC RE-610, complex phosphate esters, manufactured by GAP Corp., New York, New York 

[0076] Other noble catalytic metals, such as palladium 
(Pd) and rhodium (Rh) as well as different combinations of 
the elements stated above for liner layer 28 and cap layer 30 
may additionally or alternatively be formed as sub-?lm 
layers for a composite barrier layer formed from the method 
described in reference to FIG. 3. For example, cobalt 
molybdenum-chromium (CoMoCr) may be formed as a 
sub-?lm layer of a composite barrier layer. The solution 
composition for the formation of a CoMoCr layer may 
include similar concentrations of components as described 
for CoMoCrB without the inclusion of dimethlylamine 

borane. As such, the formation of a composite barrier layer 
described in reference to FIG. 3 is not restricted to the alloys 
listed in Tables 1 and 2. In addition, the compounds listed in 
Tables 1 and 2 may be combined for the formation of the 
same composite barrier layer. In particular, a compound 
listed in Table 2 may be formed as a sub-?lm over a sub-?lm 
formed from a compound listed in Table 1 or vice versa. For 
example, cobalt-tungsten-phosphorus having a relative high 
concentration of tungsten (CoWP high W) listed in Table 2 
may be formed over a sub-?lm of CoWP listed in Table 1. 
In this manner, a composite barrier layer having a variation 



US 2006/0029833 A1 

of tungsten may be formed. In yet other embodiments, any 
of the compounds listed in Tables 1 and/or 2 may be formed 
upon one another to form a composite barrier layer having 
a variation of elemental concentration. 

[0077] Although not necessarily limited thereto, maleic 
acid and/or hydroxyethyl ethylenediamine triacetic acid 
(HEDTA) have been found to serve as effective complexing 
agents for the deposition of ?lms including cobalt. More 
over, the inclusion of pyrophosphoric acid has been found to 
be advantageous for forming ?lms including cobalt and 
molybdenum. In contrast, the inclusion of ethylenediamine 
triacetic acid (EDTA) has been found to be bene?cial as a 
complexing agent for the deposition of ?lms including 
ruthenium. Furthermore, the combination of ammonium 
hydroxide (NH4OH), hydroxlamine sulfate, and hydraZine 
sulfate has shoWn to be effective for depositing ?lms includ 
ing ruthenium. It is noted that the values for such compo 
nents as Well as all other component values listed in Tables 
1 and 2 may be altered and still be used to produce sub-?lms 
for a composite barrier layer having variations of elemental 
concentrations. The values listed are merely exemplary. 

[0078] An alternative or additional method used to form a 
barrier layer having a concentration variation of one or more 
elements involves an anneal process Which diffuses one or 
more elements to a particular region of the ?lm to create 
additional interfaces With Which to block a diffusion chan 
nel. The anneal process may be conducted after the depo 
sition of any layer deposited by electroless plating tech 
niques. In some embodiments, the anneal process may be 
performed subsequent to the method described above in 
reference to FIG. 3 to provide additional variation of 
elemental compositions Within a barrier layer. In other cases, 
the anneal process may be performed subsequent to the 
methods described beloW in reference to FIGS. 5, 6 and 12. 
In yet other embodiments, the anneal process may be 
performed subsequent to a conventional electroless deposi 
tion process. In any case, the anneal method may be par 
ticularly advantageous for forming a barrier layer having 
phosphorus diffused near the middle of the ?lm such that 
tWo additional interfaces are formed With Which to block a 
diffusion channel such as shoWn in FIGS. 2c, for example. 
The anneal process, hoWever, may be con?gured to diffuse 
other elements in addition or alternative to phosphorus. 
Furthermore, the anneal process may be con?gured to dif 
fuse elements in regions of the substrate other than the 
middle. 

[0079] A ?oWchart of an exemplary method Which incor 
porates a diffusing anneal process is shoWn in FIG. 4. In 
particular, FIG. 4 illustrates a ?oWchart including block 60 
in Which a bulk metallic ?lm is formed upon a microelec 
tronic topography using an electroless plating process. The 
term “bulk metallic ?lm” may generally refer to a ?lm 
having a majority concentration of metallic elements and, 
therefore, may refer to a barrier layer formed With a com 
bination of any of the elements mentioned above in refer 
ence to liner layer 28 and cap layer 30 of FIG. 1. As noted 
in block 60 of FIG. 4, the bulk metallic ?lm may be formed 
having a bottom portion, a top portion, and an intermediate 
portion interposed betWeen the bottom and top portions. In 
some embodiments, one of the top and bottom portions may 
include a higher concentration of at least one element than 
the intermediate portion and the other of the top and bottom 
portions. Other variations of element concentrations, hoW 
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ever, may be formed for the bulk metallic layer and, there 
fore, the method is not necessarily restricted to the arrange 
ment of elements among the particular regions of the ?lm 
recited in block 60 of FIG. 4. 

[0080] In some embodiments, the bulk metallic ?lm may 
be formed upon and in contact With a metallic structure 
having a bulk elemental concentration different than the 
?lm, such as described for cap layer 30 in FIG. 1 being 
arranged upon and in contact With metalliZation structure 22. 
In such cases, the bottom portion of the bulk metallic ?lm 
may include a higher concentration of at least one element 
than the intermediate portion and the top portion. In other 
embodiments, the bulk metallic ?lm may be formed upon 
and in contact With a dielectric structure, such as described 
for liner layer 28 in FIG. 1 being arranged in contact With 
dielectric layer 24. In such cases, the top portion of the bulk 
metallic ?lm may include a higher concentration of at least 
one element than the intermediate portion and the bottom 
portion. 

[0081] FolloWing the formation of the bulk metallic ?lm, 
the method continues to block 62 as shoWn in FIG. 4. Block 
62 includes annealing the microelectronic topography to 
induce diffusion of at least one element Within the bulk 
metallic ?lm such that the intermediate portion comprises a 
higher concentration of the at least one element than the 
bottom and top portions. In general, the anneal process may 
include exposing a bulk metallic ?lm to a temperature 
betWeen approximately 400° C. and approximately 1000° C. 
for any predetermined length of time. A duration of at least 
approximately 10 minutes may be advantageous for ensur 
ing diffusion of a large percentage of the element to the 
intermediate portion of the bulk metallic ?lm and, in some 
embodiments, the anneal process may be conducted for a 
time period up to approximately 2 hours. In some embodi 
ments, the heated environment to Which the bulk metallic 
?lm is exposed may include one or more elements having a 
propensity for diffusion into exposed portions of the bulk 
metallic ?lm, such as phosphorus or boron, for example. In 
some cases, the element included in the heated environment 
may be the same as one of the elements diffused into the 
intermediate portion of the bulk metallic ?lm by the anneal 
process. In other embodiments, the element included in the 
heated environment may not be one of the elements diffused 
into the intermediate portion of the bulk metallic ?lm by the 
anneal process. 

[0082] An alternative method for forming a barrier layer 
With a concentration variation of one or more elements is 
outlined in the ?oWchart shoWn in FIG. 5 and involves a 
balance of different deposition mechanisms activated during 
a single deposition process. The different deposition mecha 
nisms may be induced by an additive to the deposition 
solution Which sloWs the adsorption of one or more elements 
versus other elements in the solution. The sloWer adsorption 
rate invokes a deposition process having different mecha 
nisms of ?lm groWth Which are dependent upon the con 
centrations of different elements Within the deposition solu 
tion. As a result, although tWo elements may be deposited as 
a mixture Within a layer, the concentration of the elements 
throughout the layer Will differ. An exemplary agent Which 
may be used to sloW the adsorption of one or more elements 
Within a electroless plating solution may be but it not 
necessarily limited to pyrophosphoric acid as shoWn above 
in Table 1 for the formation of CoMoB and CoMoCrB. 
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[0083] The ?owchart depicted in FIG. 5 includes block 66 
noting the method includes exposing a microelectronic 
topography to a deposition solution. Such an exposure may 
include immersing the microelectronic topography Within a 
bath of the deposition solution, dispensing the deposition 
solution upon the microelectronic topography, or a combi 
nation thereof. In addition, the method includes block 68 in 
Which a ?rst sub-?lm portion having a higher concentration 
of a ?rst element than a second different element is formed 
by interfacial electroless reduction of the ?rst element Within 
the deposition solution until the second element reaches a 
certain concentration Within the deposition solution. During 
such a step, the ?rst element Within the deposition solution 
is deposited at a faster rate than a second element by a 
mass-diffusion control mechanism. At the point in Which the 
second element reaches a certain concentration Within the 
deposition solution, the deposition mechanism may change 
such that the second component is deposited as a majority by 
a self-assembly deposition mechanism. In particular, FIG. 5 
includes block 70 in Which a second sub-?lm portion having 
a higher concentration of the second element than the ?rst 
element is formed upon and in contact Within the ?rst 
sub-?lm portion by chemical adsorption. Such a deposition 
mechanism continues until the ?rst element increases to a 
particular concentration Within the deposition solution. In 
response thereto, the deposition process reverts back to the 
mass-diffusion control mechanism to deposit the ?rst ele 
ment as a majority Within a third sub-?lm portion. 

[0084] As shoWn in block 72 of FIG. 5, the deposition 
mechanisms may be reiterated to form a composite barrier 
layer having alternating regions of relatively higher concen 
trations of the ?rst and second elements, respectively. The 
reiteration of the deposition mechanisms may be automatic 
by the inclusion of the aforementioned additive agent Within 
the deposition solution and the ?uctuation of elemental 
concentrations Within the deposition solution. In this man 
ner, the process is cyclic and is self-monitoring. It is noted 
that subsequent sub-?lm portions may have slightly different 
concentrations of the elements as compared to the ?rst and 
second sub-?lm portions, but may generally folloW an 
alternating sequence of having relatively greater concentra 
tions of the different elements. 

[0085] In general, the deposition mechanisms may be 
reiterated any number of times and, therefore, any number of 
sub-?lms may be formed by the technique outlined in FIG. 
5. In other embodiments, process may be terminated upon 
the formation of the ?rst and second sub-?lm portions and, 
therefore, block 72 may, in some embodiments, be omitted 
from the method. It is noted that the formation of the ?rst 
and second sub-?lms as described in blocks 68 and 70, and 
any subsequent sub-?lms may, in some embodiments, 
include the termination of dispensing the deposition solution 
upon the microelectronic topography (if applicable) and/or 
the termination of rotating the substrate holder as similarly 
described above in regard to blocks 43a and 43b of FIG. 3. 
Such a sequence of steps may advantageously alloW sub 
?lms to be formed having substantially uniform elemental 
composition, uniform thickness, and substantially free of 
defects. 

[0086] Barrier layer formation involving a balance of 
deposition mechanisms may be particularly applicable for 
forming barrier layers With a variation of molybdenum. In 
particular, molybdenum may be particularly amenable to 
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sloW adsorption rates relative to other elements in the 
presence of an additive agent, such as pyrophosphoric acid, 
for example. For instance, a barrier ?lm including alternat 
ing regions of relatively higher concentrations of cobalt and 
molybdenum, respectively, may be deposited using the 
balanced deposition mechanism technique by having major 
ity cobalt portions formed by interfacial electroless reduc 
tion and majority molybdenum portions formed by a chemi 
cal adsorption. In addition, molybdenum oxide may be 
particularly suitable for formation from a process of bal 
anced deposition mechanisms. Other elements With molyb 
denum as Well as other combinations of elements may also 
be formed as a barrier layer using the process of balanced 
deposition mechanisms and, therefore, the method is not 
necessarily limited to the fabrication of cobalt-molybdenum 
alloys or molybdenum oxide. 

[0087] In addition or alternative to the methods described 
in reference to FIGS. 3-5, other methods for forming barrier 
layers having a variation of elemental concentrations may 
include controlling the process solution temperature on the 
substrate surface. More speci?cally, other methods may 
introduce a variation of solution temperature across a sub 
strate to form a barrier ?lm With a variation of elemental 
concentrations. Typically, the concentration of elements 
Within an electrolessly deposited ?lm is dependent on the 
temperature at Which the deposition takes place. As such, 
introducing a variation of solution temperature across a 
substrate may induce a variation of elemental concentra 
tions. One manner in Which to control process solution 
temperature across a substrate is shoWn and described in 
reference to FIGS. 6-10. In particular, FIGS. 6-10 illustrate 
a ?oWchart outlining a method to control the How pattern 
and, thus, the temperature variation of the solution across the 
substrate surface, systems con?gured to implement the 
method, and graphs outlining exemplary process parameters 
used administer the method. It is noted that the use of the 
methods and systems described in reference to FIGS. 6-10 
are not necessarily mutually exclusive to other methods for 
forming barrier layers With a variation of elemental concen 
trations. Rather, the methods and systems may, in some 
embodiments, be used in combination With any of the 
methods described in reference to FIGS. 3-5 to form a 
barrier layer. 
[0088] As shoWn in the ?oWchart depicted in FIG. 6, the 
method may include block 76 in Which a microelectronic 
topography is positioned Within an electroless plating cham 
ber. The method further includes block 78 in Which a 
deposition solution is dispensed at a plurality of locations 
extending different distances from a center of the micro 
electronic topography each at a different moment in time 
during an electroless plating process. In particular, When 
solution distribution in a ?rst Zone is completed, the dis 
pensing arm of the electroless deposition chamber moves to 
another position (not necessarily adjacent to the ?rst Zone) 
and the solution is dispensed thereon. In addition to the 
placement of dispensing the deposition solution, the amount, 
rate and duration the solution is dispensed on the micro 
electronic topography may be controlled. Such a plurality of 
parameters may generally relate to the How pattern of the 
solution across the Wafer. Consequently, the method may 
include regulating a How pattern of a solution to vary the 
temperature of the solution across the microelectronic 
topography and induce a variation of elemental concentra 
tions Within a deposited ?lm. An exemplary system for 
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controlling ?oW patterns of solutions across a substrate is 
described in more detail beloW in reference to FIGS. 7 and 
8. 

[0089] In addition to controlling the How pattern of the 
deposition solution, the method may include altering the 
temperature of the dispensed solution such that different 
regions of the substrate are exposed to different solution 
temperatures. In some embodiments, the exemplary system 
described in reference to FIGS. 7 and 8 may be con?gured 
to dispense the solution at different temperatures across a 
substrate. In addition or alternatively, heating and/or cooling 
mechanisms Within a substrate holder of the electroless 
plating chamber may be used to change the temperature of 
the deposition solution during plating. In any case, solution 
temperatures for electroless plating operations may gener 
ally be regulated betWeen approximately 20° C. and 
approximately 120° C., or more speci?cally, betWeen 
approximately 55° C. and approximately 90° C. Warmer or 
cooler solution temperatures may be used, hoWever, depend 
ing of the fabrication speci?cations of the process. In some 
embodiments, the methods of controlling the process solu 
tion temperature and/or ?oW pattern across a substrate may 
induce a horiZontal variation of elemental concentrations. In 
addition or alternatively, the methods may be used to induce 
a vertical variation of elemental concentrations. In particu 
lar, the method may include altering the How pattern and/or 
temperature of the solution as the ?lm is deposited, such that 
elemental concentrations Within the ?lm vary across regions 
of the microelectronic topography and/or vary With the 
thickness of the ?lm. 

[0090] Turning to FIG. 7, a top vieW of microelectronic 
topography 82 disposed Within electroless plating chamber 
80 is illustrated. As shoWn in FIG. 7, electroless plating 
chamber 80 includes substrate holder 84 supported by platen 
86 and surrounded by chamber Walls 88. The electroless 
plating chamber further includes dispensing arm 90 for 
supplying a deposition solution onto microelectronic topog 
raphy 82, Which resides upon substrate holder 84. The cover 
of electroless plating chamber 80 is not shoWn in order to 
illustrate the alternate positions of dispensing arm 90 rela 
tive to microelectronic topography 82. As shoWn by the 
dotted line outlines of dispensing arm 90 in FIG. 7, elec 
troless plating chamber 80 may be con?gured to position 
dispensing arm 90 above a plurality of locations of micro 
electronic topography 82. More speci?cally, dispensing arm 
90 may be connected to rotary drive mechanism 94 for 
positioning the suspended end of dispensing arm 90 among 
positions 92a-92d With respect to ?xed axis 96. 

[0091] In this manner, electroless plating chamber 80 may 
be con?gured to position dispensing arm 90 over a plurality 
of locations extending different distances from a center of 
microelectronic topography 82 each at a different moment in 
time during an electroless plating process. More speci?cally, 
positions of dispensing arm 90 may be controlled for deliv 
ering a deposition solution to a speci?c area of microelec 
tronic topography 82. In embodiments in Which substrate 
holder 84 is con?gured to rotate microelectronic topography 
82 during processing, such an array of different radial 
positions may advantageously offer full coverage of the 
microelectronic topography. In particular, solution dis 
pensed from dispense arm 90 may be distributed to cover 
different radial rings of microelectronic topography 82, 
Which collectively cover the entirety of the topography. 
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Exemplary Wafer rotation speed may be betWeen approxi 
mately 1 rpm and approximately 100 rpm and, in some 
embodiments, approximately 30 rpm, but faster or sloWer 
rotations speeds may be used. It is noted that the different 
areas of the microelectronic topography upon Which the 
solution is dispensed by dispense arm 90 may overlap to 
ensure coverage of the entirety of the topography during 
processing, but generally the areas cover different regions of 
the topography and, therefore, are distinct. 

[0092] Although FIG. 7 illustrates dispensing arm 90 
positioned in four different locations, electroless plating 
chamber 80 may be con?gured to position dispensing arm 
90 at any number of different locations greater or less than 
four. In some cases, positioning dispensing arm 90 in nine 
different positions has shoWn to provide suf?cient coverage 
of a deposition solution over an entirety of a microelectronic 
topography, but the methods and systems described herein 
are not necessarily so limited. In addition, although positions 
92a-92d are illustrated With respect the same radial line of 
microelectronic topography 82, dispense arm 90 may be 
positioned along different radial lines of microelectronic 
topography 82. Furthermore, positions 92a-92d are not 
restricted to being evenly spaced With respect to each other. 
Rather, positions 92a-92d may be spaced apart by different 
distances. Furthermore, dispensing arm 90 may be located at 
a position not overlying microelectronic topography 82 in 
some embodiments, as shoWn by position 92d in FIG. 7. 
Although not necessary, such a position of dispense arm 90 
may be advantageous for loading microelectronic topogra 
phy 82 in and out of electroless plating chamber 80. The 
program instructions used to regulate the distribution of 
solution from dispense arm 90 described in more detail 
beloW may be con?gured to inhibit solution ?oW from the 
dispense arm in such a position. 

[0093] In some embodiments, the positioning of dispense 
arm 90 may be programmed through a computer system 
coupled to or incorporated Within electroless plating cham 
ber 80. A schematic diagram of an exemplary computer 
system is illustrated in FIG. 8. As shoWn in FIG. 8, 
computer system 100 includes processor 106 and storage 
medium 102, Which in turn includes program instructions 
104. The storage medium may include any device for storing 
program instructions, such as a read-only memory, a random 
access memory, a magnetic or optical disk, or a magnetic 
tape. In general, input 28 may be transmitted to processor 
106, Which may be con?gured to execute program instruc 
tions 104 Within storage medium 102 to provide output 109 
to electroless plating chamber 80. In some embodiments, 
program instructions 104 may be con?gured to exclusively 
regulate the position of dispense arm 90. In other embodi 
ments, program instructions 104 may also include program 
instructions for regulating other facets of electroless plating 
chamber 80, such as but not limited to loading operations, 
drying operations, and pre-deposition or post-deposition 
cleaning operations. 

[0094] As shoWn in FIG. 7, dispense arm 90 may, in some 
embodiments, include a plurality of different siZed noZZles 
99. In such cases, program instructions 104 may be con?g 
ured to selectively dispense a deposition solution through 
distinct sets of the plurality of different siZed noZZles With 
respect to plurality of positions 92a-92c. More speci?cally, 
program instructions 104 may be con?gured to selectively 
dispense a deposition solution through one or more of 
















