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ABSTRACT 

Disclosed are pre-Wetting apparatus designs and methods. 
These apparatus designs and methods are used to pre-Wet a 
Wafer prior to plating a metal on the surface of the Wafer. 
Disclosed compositions of the pre-Wetting ?uid prevent cor 
rosion of a seed layer on the Wafer and also improve the ?lling 
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APPARATUS FOR WETTING 
PRETREATMENT FOR ENHANCED 
DAMASCENE METAL FILLING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t under 35 U.S.C. 
§1 19(e) to US. Provisional ApplicationNo. 61/218,024, ?led 
Jun. 17, 2009, Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The embodiments disclosed herein relate to pre 
Wetting apparatus designs and methods. More speci?cally, 
embodiments relate to pre-Wetting apparatus designs and 
methods for pre-Wetting a semiconductor Wafer prior to 
depositing electrically conductive materials on the Wafer for 
integrated circuit manufacturing. 

BACKGROUND 

[0003] Wetting is a property of a liquid/ solid interface gov 
erned by adhesive forces betWeen the liquid and solid and 
cohesive forces in the liquid. Adhesive forces betWeen the 
liquid and solid cause the liquid to spread across the solid 
surface. Cohesive forces in the liquid cause the liquid to 
minimize contact With the solid surface. The Wetting of a solid 
surface by a liquid is important in many industrial processes 
Where a liquid interacts With a solid surface. Electroplating (a 
cathodic process), including electroplating in integrated cir 
cuit manufacturing, is one such industrial process. Wetting is 
also important in anodic processes, including eletroetching 
and electropolishing. 
[0004] For example, in integrated circuit manufacturing, a 
conductive material, such as copper, is often deposited by 
electroplating onto a seed layer of metal deposited onto the 
Wafer surface by a physical vapor deposition (PVD) or a 
chemical vapor deposition (CVD) method. Electroplating is a 
method of choice for depositing metal into the vias and 
trenches of the Wafer during damascene and dual damascene 
processing. 
[0005] Damascene processing is a method for forming 
interconnections on integrated circuits (ICs). It is especially 
suitable for manufacturing integrated circuits, Which employ 
copper as a conductive material. Damascene processing 
involves formation of inlaid metal lines in trenches and vias 
formed in a dielectric layer (inter-metal dielectric). In a typi 
cal damascene process, a pattern of trenches and vias is 
etched in the dielectric layer of a semiconductor Wafer sub 
strate. Typically, a thin layer of an adherent metal diffusion 
barrier ?lm such as tantalum, tantalum nitride, or a TaN/Ta 
bilayer is then deposited onto the Wafer surface by a PVD 
method, folloWed by deposition of an electroplate-able metal 
seed layer (e.g., copper, nickel, cobalt, ruthenium, etc.) on top 
of the diffusion-barrier layer. The trenches and vias are then 
electro?lled With copper, and the surface of the Wafer is 
planariZed. 

SUMMARY 

[0006] Disclosed are pre-Wetting apparatus designs and 
methods. 
[0007] In one embodiment, an apparatus for pre-Wetting a 
Wafer substrate prior to electrolytically processing the Wafer 
substrate is disclosed. The apparatus includes a degasser con 
?gured for removing one or more dissolved gases from a 
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pre-Wetting ?uid prior to pre-Wetting and a process chamber 
having an inlet for admitting the pre-Wetting ?uid. The pro 
cess chamber is con?gured for pre-Wetting the Wafer sub 
strate With a degassed pre-Wetting ?uid at a sub-atmospheric 
pressure. Inside the process chamber is a Wafer holder posi 
tioned and con?gured to hold the Wafer substrate during the 
pre-Wetting process. 
[0008] In another embodiment, an apparatus for pre-Wet 
ting a Wafer substrate prior to electrolytically processing the 
Wafer substrate is disclosed. The apparatus includes a process 
chamber having an inlet for admitting a pre-Wetting ?uid. The 
process chamber is con?gured for operating at a higher than 
atmospheric pressure during or after pre-Wetting, to facilitate 
the removal of bubbles. Inside the process chamber is a Wafer 
holder positioned and con?gured to hold the Wafer substrate 
during the pre-Wetting process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 depicts a plot of bubble dissolution time 
versus feature siZe. 

[0010] FIG. 2 depicts a plot of bubble dissolution time 
versus the dissolved gas pressure. 
[0011] FIG. 3 depicts a schematic layout of one embodi 
ment of a pre-Wetting apparatus. 
[0012] FIG. 4 depicts an embodiment of a pre-Wetting 
chamber. 
[0013] FIG. 5 depicts an isometric vieW of an embodiment 
of a pre-Wetting chamber. 
[0014] FIG. 6 depicts an embodiment of a pre-Wetting 
chamber con?gured for a condensation pre-Wetting process. 
[0015] FIG. 7 depicts an embodiment of a pre-Wetting 
chamber con?gured for an immersion pre-Wetting process. 
[0016] FIG. 8 depicts another embodiment of a pre-Wetting 
chamber con?gured for an immersion pre-Wetting process. 
[0017] FIG. 9 depicts an embodiment of an apparatus in 
Which the pre-Wetting process is performed in a plating cell. 
[0018] FIG. 10 depicts an embodiment of an electroplating 
system. 
[0019] FIGS. 11a and 11b are ?oW diagrams for embodi 
ments of a pre-Wetting process. 
[0020] FIG. 12 is a ?oW diagram for an embodiment of an 
electroplating process for electroplating a layer of metal on a 
Wafer substrate. 
[0021] FIG. 13 depicts a Wafer substrate With a feature 
?lled With pre-Wetting ?uid. 

DETAILED DESCRIPTION 

[0022] Reference Will noW be made to speci?c embodi 
ments. Examples of the speci?c embodiments are illustrated 
in the accompanying draWings. While the invention Will be 
described in conjunction With these speci?c embodiments, it 
Will be understood that it is not intended to limit the invention 
to such speci?c embodiments. On the contrary, it is intended 
to cover alternatives, modi?cations, and equivalents as may 
be included Within the spirit and scope of the invention as 
de?ned by the appended claims. In the folloWing description, 
numerous speci?c details are set forth in order to provide a 
thorough understanding of the present invention. The present 
invention may be practiced Without some or all of these spe 
ci?c details. In other instances, Well knoWn process opera 
tions have not been described in detail in order not to unnec 
essarily obscure the present invention. 
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[0023] Disclosed herein are apparatus designs and methods 
for Wafer pre-Wetting, for modifying the conditions of Wafer 
entry and Wafer processing during plating, and pre-Wetting 
?uid compositions. The pre-Wetting process, in accordance 
With embodiments provided herein, can be performed in the 
electroplating chamber or in a separate pre-Wetting station of 
a module Which includes a pre-Wetting station and an elec 
troplating station. In some embodiments pre-Wetting and 
electroplating are performed in separate apparatuses. 
[0024] The substrate typically is a semiconductor Wafer 
Which has a layer of conductive material residing thereon 
(e. g., a seed layer comprising copper or copper alloy). During 
electroplating, electrical connections are made to the conduc 
tive layer and the Wafer substrate is negatively biased, thereby 
serving as a cathode. The Wafer is contacted With a plating 
solution containing a metal salt (e.g., copper sulfate, a copper 
alkylsulfonate, or a mixture of salts), Which is reduced at the 
Wafer cathode resulting in metal deposition on the Wafer. In 
many embodiments, the substrate contains one or more 
recessed features (e.g., vias and/or trenches), Which need to 
be ?lled by the electroplating process. The plating solution, in 
addition to metal salts, may also contain an acid, and typically 
contains one or more additives such as halides (e. g., chloride, 

bromide, etc.), accelerators, levelers, and suppressors, used to 
modulate electrodeposition rates on various surfaces of the 
substrate. 

[0025] The disclosed processes and associated apparatus 
designs are particularly applicable and necessary for electro 
?lling Wider (e.g., typically greater than 5 um) and deeper 
(e.g., typically greater than 10 um) damascene structures 
(vias), such as those commonly found in emerging copper 
through silicon via (TSV) electro?ll structures. Through sili 
con via structures are further described in Us. patent appli 
cation Ser. No. 12/193,644, ?led Aug. 18, 2008, Which is 
herein incorporated by reference. Gas bubbles, trapped or 
otherWise residing on the surface or Within a feature, Will 
interfere With the ?eld and feature plating process either by 
blocking the feature surface With the non-conducting gas, or 
by creating an impediment to the free passage of current. The 
disclosed processes and associated apparatus designs enable 
void-free copper electro?lling. 
[0026] Electroplating and electro?ll of TSV interconnec 
tions present a number of challenges. These include long 
plating times due to very large and/or deep structures, and 
formation of side Wall voids due to seed layer corrosion 
reactions With plating electrolyte solutions and due to insuf 
?cient coverage of loWer sideWalls by PVD-deposited seed 
layer. Further, it is important to ensure that the interior of all 
recessed features are ?lled With liquid and that there are no 
trapped gasses inside the features that prevents plating 
therein. It is also advantageous to simultaneously maintain 
strong Wall and ?eld plating groWth-suppression While 
removing plating resistance selectively at the bottom of the 
feature. 

[0027] The pre-Wetting apparatus designs and methods 
described herein are generally described With respect to elec 
troplating (a cathodic process) a metal, speci?cally copper. 
HoWever, the pre-Wetting apparatus designs and methods 
described herein are generally applicable to all electrolytic 
processes, including eletroetching and electropolishing, both 
of Which are anodic processes. 

[0028] Methods for forming liquid-?lled bubble-free 
recessed features that are needed for the plating process are 
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described. Further, compositions of pre-Wetting ?uids Which 
minimiZe seed layer corrosion and simultaneously increase 
plating rates are described. 

INTRODUCTION 

[0029] The concentration of dissolved gas at the bubble 
interface With the liquid is related to internal bubble pres sure 
by Henry’s laW, one form of Which can be expressed as: 

CiqiHiPi (1) 

Where the subscript i depicts “inside” the bubble, C, is the 
concentration of a component of dissolved gas molecules in 
the liquid phase at the bubble interface (e.g., nitrogen, oxy 
gen, etc., each in moles/l), x,- is the mole fraction of that 
component in the gas phase inside the bubble itself, H,- is the 
Henry’s laW constant, and P,- is the pressure inside the bubble. 
This equation can be Written for each molecular component 
of the gas in a mixture of gases (e. g., one for oxygen, one for 
nitrogen, etc.). There is a similar expression for the concen 
tration of dissolved gas in the bulk solution, Where the sub 
script b is used to indicate the solution “bulk”, for example, 
With P equal to Pb, signifying the gas phase pressure Which 
Would be in equilibrium With a concentration of the species in 
the bulk, C b. lgnoring 2D and 3D dispersion effects, and 
assuming that the diffusion of gas molecules from Within the 
bubble gas phase to the bubble/liquid surface is not rate lim 
iting (so that an equilibrium condition betWeen the dissolved 
gas at the bubble interface and the concentration of gas inside 
the bubble is maintained), a useful approximation for the rate 
of gas dissolution from the bubble trapped inside a feature can 
be obtained, expressed as: 

WhereV is the bubble gas volume, t is time, D is the diffusion 
coe?icient of the gas in the solution, h is the distance from the 
top of the trapped bubble to the edge of the boundary layer 
thickness, Which resides at a distance 6 above the upper Wafer 
plane, and the subscript b corresponds to conditions in the 
bulk of the solution at the diffusion boundary layer interface. 
For a given chemical system at a ?xed temperature (constant 
Henry’s laW constant and diffusion coef?cient), tWo factors 
can lead to relatively rapid bubble dissolution: l) a large 
concentration difference/driving force (xl-Pl-—xbPb); and 2) a 
short diffusion distance h. 
[0030] If the value of the driving force term H(xl-Pl —xbPb) is 
Zero, the rate of dissolution is Zero. Generally, this term is 
very small. Since the gas Within the bubble typically comes 
from air inside a via in a Wafer prior to the pre-Wetting 
process, and the liquid is typically saturated With the same air 
prior to the pre-Wetting process, the mole fraction at the 
bubble interface and in the bulk solution Will initially be the 
same as that of air (e.g., x:0.2l for oxygen, both in the bubble 
and in the bulk solution). Therefore, for this situation and in 
general (i.e., unless other mechanisms are employed to 
enhance bubble dissolution), it is primarily the natural capil 
lary difference in pressure Within the bubble versus outside 
the bubble that results in bubble dissolution. 
[0031] Trapped gas held Within a small damascene feature 
(e.g., a via) can exhibit a very large internal pressure, due to 
strong internal capillary forces. The total internal capillary 
pressure is proportional to the contact angle and the surface 
tension, and inversely proportional to radius of curvature of 
the bubble, 
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where P,- is the total internal pres sure Within the bubble, Pm is 
the external pressure of the ?uid (typically about 1 atmo 
sphere), a is the liquid/ gas surface tension, 0 is the solid/ 
liquid/ gas contact angle, and r is the radius of curvature. Note 
that the radius of curvature r cannot signi?cantly differ from 
the feature Width, so one can often substitute the radius of the 
via as an approximation for a bubble’s radius of curvature. 
With a small via, the total internal pressure (and hence the 
partial pressure of each component) can become very large, 
exceeding several atmospheres or more. These large internal 
pressures then drive a non-equilibrium condition With respect 
to the bulk of the solution, and the bubble interface becomes 
signi?cantly supersaturated With respect the amount of dis 
solved gas in the bulk of the solution at the same pressure (i.e., 
the amount of dissolved gas at the bubble’s interface exceeds 
the gas solubility in the liquid). This satis?es one of the 
conditions for rapid bubble dissolution. For small vias, the 
small diffusion distance, “h”, also aids in a rapid dissolution 
rate. 

[0032] In contrast, large vias With larger radius bubbles 
have both small excess internal pressure and much larger 
diffusion distances. Calculation/modeling of the time for 
complete bubble dissolution for various conditions (i.e., par 
tial pressure of dissolved gas, rotation rate of Wafer) as a 
function of the via depth for vias of a 3:1 aspect ratio (depth 
to Width) With the via initially 50% ?lled of gas at atmo 
spheric pressure, are shoWn in FIG. 1. For all of processes 
shoWn in FIG. 1, 0:60 dyne/cm (e.g., a value for Water), 
D:1.9E—5 cm2/sec (e.g., a value for air in Water), T:20o C., 
and V1:50% ofa via. 

[0033] Vi is the initial volume of the bubble, under 1 atmo 
sphere of pressure (i.e., only 50% of each via is ?lled With a 
bubble for generating these plots). For the Pm:0.2 cases, the 
pressure on the ?uid is still one atmosphere, but the partial 
pressure of dissolved gas in the bulk of the liquid is only 
equivalent to that in equilibrium With 0.2 atmospheres of gas 
pressure. This condition could be achieved, for example, by 
having a trapped bubble form by ?ooding the surface With a 
degassed ?uid With a pressure of 0.2 atmospheres While the 
pressure of gas over the ?uid is 1 atmosphere. For the P9653 
cases, the amount of dissolved gas in the liquid is equal to that 
in equilibrium With 1 atmosphere of pressure, but the pressure 
on the liquid and bubble is equal to 3 atmospheres of pressure. 
This condition could be achieved, for example, by having a 
trapped bubble form by ?ooding the surface With atmo 
spheric-saturated liquid, and then applying an external pres 
sure over that via/liquid/Wafer of 3 atmospheres. In this case, 
the bubble immediately shrinks in siZe to 1/3 its original 
volume. 
[0034] Comparing curves A and F (non-degassed pre-Wet 
ting ?uid, With the amount of gas equal to that in equilibrium 
With 1 atmosphere of air) to curves B and C (a pre-Wetting 
?uid degassed to a partial pressure equal to 0.2 of an atmo 
sphere), the degassed solution cases have a loWer bubble 
dissolution time. Curves F and C are similar by comparison, 
but the boundary layer thickness and dissolution time are 
greater because the Wafer Was rotated at a sloWer rate (12 rpm 
versus 90 rpm inA and B). 
[0035] Curves A and F of FIG. 1 shoW that the time of 
dissolution of a bubble inside a via Where the solution is 
saturated With air changes more than 5 orders of magnitude 
betWeen a via 0.2 pm in siZe versus 50 pm in siZe. In small, 
submicron features, bubbles are unstable and dissolve 
quickly, but in larger features, bubbles Will persist for very 
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long times. For example, calculations indicate that a rela 
tively large front end of the line structure 1 [tm in diameter and 
4 pm in depth completely ?lled With gas Will have that gas 
completely dissolved in less than a 4 seconds. In contrast, a 
0.25 pm feature, 1 um deep, is so unstable that it Would 
dissolve in less than 0.4 seconds, and smaller structures 
essentially dissolve instantaneously. HoWever, both of the 
favorable factors (i.e., high internal pressure and short diffu 
sion distances) are missing in large TSV scale structures. In 
contrast, calculations shoW that it could take over 2 hours for 
a 25 um Wide, 100 um deep feature to dissolve. Even if this 
feature Were only ?lled 10% With gas at its bottom, it Would 
still take 20 minutes or more for that gas to be removed. 

[0036] Removing gas from the pre-Wetting ?uid reduces 
the time to dissolve a trapped bubble. In this case, the right 
term of the driving force (xbPb in equation 2) is diminished by 
stripping the gas from the solution, for example by reducing 
the partial pressure of the gas exposed to the pre-Wetting ?uid 
in a degassing unit under partial vacuum (i.e., by driving 
doWn the magnitude of this product in the gas side of the 
degassing unit, gas is driven out of the ?uid). The gas in the 
trapped bubble is at approximately 1 atmosphere of pressure 
or more (When there is signi?cant capillary pressure). At the 
bubble interface, the concentration of gas Will be at near 
equilibrium With that of the same 1 atmosphere or more or 
pressure, but in the solution, the concentration as a Whole, due 
to the degassing operation, is at a much loWer concentration. 
This creates a signi?cant concentration driving force and 
degree of sub-saturation of the gas in the solution (chemical 
“capacity”) to enable rapid dissolving the bubble. 
[0037] This procedure at ?rst may appear to be appealing, 
but may suffer from tWo limitations. First, for large deep vias, 
the diffusion distance for the gas may still be a signi?cant 
limiting factor. Second, since the amount of gas in the solu 
tion can never be less than Zero, the magnitude of the driving 
force for dissolution is limited to be no more than approxi 
mately Hxl-P (PIl atmosphere). Comparing curves B and C to 
A and F of FIG. 1, the rate of dissolution of large features 
(e. g., 50 um) decreases by a more than one order of magnitude 
over the non-degassed gas, but the dissolution time is gener 
ally still unacceptably long (e.g., at least 5-10 minutes). Note 
that the rate of dissolution of smaller features are not signi? 
cantly affected by the use of a degassed solution, because the 
process is dominated by the large excess internal bubble 
pressure compared to the increase in 1 atmosphere of dissolve 
gas driving force. 
[0038] FIG. 2 shoWs the bubble dissolution time for various 
feature dimensions (at 90 rpm rotation, 60 dyne/cm), Where 
the amount of dissolved gas is the independent parameter. In 
each case, the bubble is initially 50% of the via siZe, and there 
is an external pressure of 1 atmosphere on the ?uid and 
bubble, though the dissolved partial pressure changes as a 
function of the x axis. To clarify, in FIG. 2, the concentration 
of dissolved gas corresponds to the dissolved gas pressure on 
the x-axis, related by Henry’s laW. These partial pressure 
Would be obtained, for example, by degassing the contacting 
?uid to the extent of the x-axis parameter. Bubbles in smaller, 
less deep features dissolve more quickly, the rate aided by the 
large internal capillary pressure. Again reducing the partial 
pressure for smaller features has less of a relative effect on 
reducing the dissolution time. For larger features (e.g., 50 
um><150 um), there is diminishing bene?t of reducing the 
partial pressure of dissolved gas beloW 30 to 40% of the 
saturated condition. In all but the smallest and most shalloW 
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features, the time of dissolution exceeds 100 seconds. Feature 
depth is a signi?cant limiting factor in all cases, With deep 
features having long dissolution times. 

Apparatus 

[0039] Generally, the apparatus designs and methods 
described herein avoid the formation of a bubble Within a 
recessed feature (e.g., a via) on a Wafer substrate by ?rst 
removing gas, primarily all non-condensable gasses (e.g., 
nitrogen and oxygen), from Within the feature before pre 
Wetting the surface and feature With a ?uid. To accomplish 
this, the Wafer With the recessed features is placed in a vessel 
that is suitable for both holding the Wafer and removing the 
gas from the Wafer surfaces (e.g., a vacuum vessel). In addi 
tion to the vessel itself, a mechanism for removing the gas 
(e. g., a line connected to a vacuum source such as a pump) and 
a mechanism for depositing liquid onto the surface While the 
vacuum conditions are maintained, are needed. 

[0040] Described herein are various apparatus designs for 
pre-Wetting a Wafer prior to, or Within a short time after, the 
initiation of a plating process, Where bubbles and gas that 
might otherWise be trapped Within features recessed in a 
surface are avoided. Embodiments of a pre-Wetting apparatus 
include various elements. Typically, a pre-Wetting apparatus 
includes a pre-Wetting ?uid storage and return tank, including 
liquidmixing devices and liquid level controllers and sensors. 
In some embodiments, the apparatus includes a pre-Wetting 
?uid degassing ?oW loop. Such a degassing ?oW loop 
includes a circulating pump, routing/diverting valves, a liquid 
degassing element, and a connection betWeen the liquid 
degassing element and the system vacuum pump (used to 
pump doWn and apply vacuum to various liquid degassing 
elements on the tool and the pre-Wetting chamber), in some 
embodiments. A pre-Wetting apparatus also includes a pre 
Wetting chamber. A pre-Wetting chamber, in some embodi 
ments, includes a tWo position (open/closed) vacuum Wafer 
access door or lid for access to the chamber and a combined 
door or lid and splash shield that prevents liquid from hitting 
and subsequently dropping from the upper Walls or door onto 
the Wafer surface. In some embodiments, inside the chamber 
is a Wafer holder for supporting and rotating the Wafer Within 
the chamber. In some embodiments, the chamber includes an 
air-dome chamber-heater, used to prevent liquid condensa 
tion on the Walls of the chamber that Would otherWise reside 
above the Wafer and the vacuum Wafer access door and poten 
tially drip onto the Wafer. Pre-Wetting chambers typically 
include an inlet port for pre-Wetting ?uid to enter the chamber 
and to direct pre-Wetting ?uid to land on the upper surface of 
the rotating Wafer and an inlet line and chamber port for 
draWing and releasing vacuum on the chamber, the inlet line 
containing a particle ?ltration device and the inlet port con 
taining a ?oW diffuser con?gured to disperse incoming gas 
?oW and minimize chamber ?oW turbulence. In some 
embodiments, the chamber includes liquid level sensors for 
monitoring an empty/ready and over?oW/over-full condition. 
Pre-Wetting chambers also typically include a drain for 
removing liquid from the chamber and directing the drained 
?uid back to the storage tank. 
[0041] Embodiments described herein overcome the del 
eterious effects of trapped bubbles, particular those bubbles 
Which can be formed in larger vias or trenches in a Wafer, by: 
(l) avoiding trapping gas in the via during pre-Wetting alto 
gether by removing substantially all of the atmospheric non 
condensable gasses above the Wafer and from Within the via, 
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and then pre-Wetting the Wafer With pre-Wetting ?uid; and/or 
(2) signi?cantly increasing the rate a bubble Will dissolve by 
applying a large external pres sure on the ?uid, thereby driving 
the bubble to dissolve in the ?uid by creating a large super 
saturated condition at the bubble interface. In addition to 
these pre-treating and pre-plating measures, in some embodi 
ments plating is performed in a plating solution that is main 
tained in a degassed state, and in other embodiments, the 
plating solution is degassed in the line just prior to being 
exposed to the Wafer surface. 

[0042] In some embodiments it is possible to perform pre 
Wetting Within an electroplating cell, Where the pre-Wetting 
?uid has the same composition as the plating solution. HoW 
ever, for a variety of reasons, including the hardWare com 
plexity of combining plating processes With vacuum pro 
cesses, pre-Wetting (including vacuum feature-back?lled 
pre-Wetting) is often performed in a different cell, sub-cell, or 
module than the plating cell. When pre-Wetting under vacuum 
is performed in a distinctly different area of the plating cell, or 
in a distinctly separate module from the plating cell, rather 
than in the plating solution, the composition of the pre-Wet 
ting ?uid can be selected. The pre-Wetting ?uid may have the 
same, or very similar, composition as that subsequently used 
for plating the Wafer. The pre-Wetting ?uid may include all the 
elements of the plating bath (e.g., the same solvent(s) and 
same dissolved metal ions, acids, cation, additives and 
halides, at the same or very similar concentrations as in the 
plating solution). Such a pre-Wetting ?uid may Work in some 
embodiments. Alternatively, in other embodiments, a pre 
Wetting ?uid that is very different from the plating solution 
may be used. For example, in some embodiments, a pre 
Wetting ?uid of 1) Water, 2) a ?uid With a substantially higher 
metal ion concentration than that of the plating solution, 3) a 
?uid having either a loWer, different combination of, or no 
dissolved halides, 4) a ?uid substantially free of one, a feW, or 
all of the plating additives, or 5) Water-miscible solvents may 
be used as pre-Wetting ?uids. Such pre-Wetting ?uids are 
further described herein. 

[0043] A number of factors should be considered When 
selecting a pre-Wetting ?uid composition, including the pos 
sibilities of: a) corroding the metal layers on a Wafer substrate 
before initiation of plating; b) inhibiting the plating process 
(i.e., sloWing doWn or inhibiting altogether the feature metal 
?lling process); c) the loss of pre-Wetting ?uid to subsequent 
pre-Wetting ?uid reuse; and d) altering (by adding, diluting, 
or concentrating) various critical species concentrations 
Within the plating bath over time. The latter process may alter 
the metal ion concentrations, halide concentrations, organic 
additives, etc., in the plating bath. These effects can be quite 
substantial. Furthermore, When using a pre-Wetting ?uid of a 
different composition than the plating bath, performing the 
pre-Wetting process in the same module Without enabling 
suitable mechanisms of removing and recovering excess 
entrained pre-Wetting ?uid that Would be added to the plating 
solution Would generally require mechanisms for mitigating, 
monitoring and/or otherWise correcting for plating solution 
modi?cation over time. On the other hand, the use of hard 
Ware and a process Wherein the pre-Wetting operation is per 
formed in a separate treatment station, module, vessel, or 
sub-vessel of the plating cell that alloWs for separation and 
recovery of this ?uid may be advantageous because it can 
avoid such issues. With this background, and in order to 
simplify the description of core concepts of embodiments, 
many embodiments are described hereafter in the context of a 
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separate pre-Wetting “station” and a separate “plating sta 
tion”, With the Wafer being transferred from the former to the 
latter. However, While perhaps favorable in some circum 
stances (e. g., for avoiding mixing of unlike liquids or for other 
reasons), the aspect of embodiments related to the particular 
choice of pre-Wetting materials, the general ?uid, and plating 
processing sequences are not intended to be so limited. 

[0044] FIG. 3 depicts a schematic layout of one embodi 
ment of a pre-Wetting apparatus (i.e., chamber 301 and asso 
ciated hardWare). The chamber 301 is connected to vacuum 
pump 303 though an outlet in the chamber and through a 
three-Way valve connection 305. On the other side of the 
three-Way valve is degassing loop 306 that includes a pre 
Wetting ?uid tank 307, a degassing device 309, and a pump 
311 for circulating the pre-Wetting ?uid around the degassing 
loop. In another embodiment, the pre-Wetting ?uid feed line 
and the vacuum line are not connected except at the chamber, 
and each has its oWn valve (i.e., there is no three-Way valve). 
In an alternative embodiment, the chamber has an inlet for 
admitting pre-Wetting ?uid and an outlet adapted for connec 
tion With a vacuum pump. The position of the pump 311 can 
after the degassing element, if it is desired to drive the ?uid 
into the chamber by the pump rather than by being sucked into 
the chamber by a pressure differential betWeen the pre-Wet 
ting ?uid tank 307 and the chamber 301. 

[0045] In some embodiments, the area in the pre-Wetting 
?uid holding tank 307 gasses by applying a vacuum to the 
holding tank using a vacuum pump (not shoWn) so that a 
minimum amount of dissolved gas is achieved. The rate or 
removal of the gas from the pre-Wetting ?uid can also be 
increased by increasing the exposed surface of the ?uid to the 
vacuum, for example, by having the ?uid re-enter the cham 
ber from the circulation loop in a spray or through a spray 
column. In the embodiment of the system shoWn in FIG. 3, 
pre-Wetting ?uid is circulated though the degassing device 
309 (e.g., in some embodiments, a membrane contact degas 
ser) for removing one or more dissolved gases (e.g., both 02 
and N2) from the pre-Wetting ?uid prior to pre-Wetting. 
Examples of commercially available degassing devices 
include the Liquid-CelTM from Membrana of Charlotte, NC. 
and the pHasorTM from Entegris of Chaska, Minn. The 
amount of dissolved gas canbe monitored With an appropriate 
meter (e.g., a commercial dissolved oxygen meter (not 
shoWn)). The removal of the dissolved gas prior to the pre 
Wetting ?uid entering chamber 301 can improve the pre 
Wetting process, as is described herein. After degassing the 
pre-Wetting ?uid, optionally, the valve 315 betWeen the 
vacuum side of the degassing chamber 309 and the vacuum 
pump 303 is closed (this prevents gas initially in the chamber 
from becoming dissolved in the degassed pre-Wetting ?uid; in 
some embodiments, separate pumps canbe used for these tWo 
functions). 
[0046] Unlike conditions that exist When using an appara 
tus similarly con?gured to that of FIG. 3, if the pre-Wetting 
?uid is not degassed prior to exposing it to a Wafer under 
vacuum, dissolved gas from the ?uid can be released from the 
?uid as it enters the chamber. This results in bubbles forming 
inside the vias. While not Wanting to be limited by a particular 
model or theory, a via bottom is a location of negative curva 
ture, and it is believed that this location is a particularly 
susceptible to nucleating a bubble and releasing gas from the 
pre-Wetting ?uid. If this occurs, bubbles Will be formed from 
the pre-Wetting ?uid containing dissolved gas because it is 
supersaturated With gas under the pre-Wetting conditions 
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(e.g., vacuum in the chamber). The bubbles so formed can 
remain there after the pre-Wetting process, Which in turn can 
inhibit plating there and lead to associated defects. Therefore, 
in some embodiments (including the embodiment shoWn in 
FIG. 3), the pre-Wetting ?uid used in the pre-Wetting process 
is a degassed pre-Wetting ?uid. In some embodiments, the 
degassed pre-Wetting ?uid may be a plating solution, and the 
pre-Wetting methods described herein may be preformed in 
the same chamber as the plating chamber itself. If a separate 
pre-Wetting chamber and apparatus are employed, but the 
pre-Wetting ?uid is not degassed, then intermittent and unre 
liable ?lling results may be observed. For example, When vias 
on a Wafer are ?lled With pre-Wetting ?uid (With the Wafer 
under vacuum) Without ?rst degassing the pre-Wetting ?uid, it 
has been found that approximately 15% of the vias still have 
air bubbles in them (as indicated by the same percentage 
having post-plating voids, indicative of trapped gas bubble 
therein). Thus, in some embodiments, it is important to per 
form pre-Wetting under vacuum (i.e., at a subatmospheric 
pressure) and With a degassed ?uid. 

[0047] In contrast, the use of a degassed pre-Wetting ?uid in 
combination With a pre-Wetting operation under vacuum (i.e., 
at subatmospheric pressure) leads, in some embodiments, to 
signi?cantly feWer feature voids than When pre-Wetting under 
vacuum alone is employed. In speci?c embodiments that give 
good protection against forming voids, a combination of a 
degassed pre-Wetting ?uid With pre-Wetting under vacuum is 
further combined With plating in a plating solution that is 
degassed. The plating solution may be degassed only in the 
initial stages of plating (e.g., for only about the ?rst 10 min 
utes of the plating process), or remain degassed for the entire 
plating process (e.g., if the plating time is greater). Experi 
ments performed under these conditions produced vias that 
Were void free. 

[0048] Returning to FIG. 3, after the pressure in chamber 
301 has reached a loW value (i.e., a subatmospheric pressure), 
the three-Way valve 305 to the vacuum pump location is 
sWitched to connect to the line from the degassing loop 306, 
and the three-Way valve 313 of the degasser loop is set to 
alloW ?uid to be directed into the vacuum chamber 301. In 
some embodiments, the subatmospheric pressure is about 
equal to that of the boiling pressure of the pre-Wetting ?uid at 
the temperature of operations, Which for Water at ambient 
temperature is about 20 torr. In other embodiments, the sub 
atmospheric pressure is about 50 torr. In further embodi 
ments, the pressure of 50 torr is maintained While pre-Wetting 
the Wafer substrate. In alternative embodiments, the pre-Wet 
ting system is con?gured to initiate introduction of the pre 
Wetting ?uid into the chamber and onto the Wafer substrate 
after the pressure in the chamber has been reduced to less than 
about 50 Torr. In embodiments Where the pre-Wetting ?uid 
tank 307 is at atmospheric pressure, liquid is draWn into the 
chamber 3 01 by the pressure differential betWeen the vacuum 
chamber and the pre-Wetting ?uid tank. 
[0049] The pre-Wetting ?uid Wets the device side of the 
Wafer surface of a Wafer in the chamber 301. Needle valve 317 
can be used to meter the ?oW of the pre-Wetting ?uid into 
chamber 301. Embodiments of chamber 301 are described 
herein. Chamber 301, in some embodiments, is a pressure 
chamber con?gured to apply an external pres sure to increase 
the rate of bubble dissolution, as described herein. In further 
embodiments of a pre-Wetting apparatus, the pre-Wetting 






































