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ABSTRACT 

A treating head having a treating Surface and a Substrate 
treatment surface define a thin fluid gap that is filled with 
reactant liquid to form a thin liquid layer on the Substrate for 
conducting a liquid chemical reaction treatment or other 
liquid treatment of the Substrate. The thin liquid layer has a 
volume in a range of about from 50 ml to 500 ml. Preferably, 
the chemical composition, temperature, and other properties 
of liquid in the thin liquid layer are dynamically variable. 
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LIQUID TREATMENT USING THIN LIQUID 
LAYER 

RELATED APPLICATIONS 

0001) This application claims the benefit of U.S. Provi 
sional Application Serial No. 60/392.203, filed Jun. 28, 
2002. 

FIELD OF THE INVENTION 

0002 The invention is related to the field of integrated 
circuit fabrication, in particular to methods and apparatuses 
for the deposition, removal, and treatment of thin films using 
liquid chemical reactions. 

BACKGROUND OF THE INVENTION 

0003 Electroless plating (or electroless deposition) of 
copper and other metals has received increasing interest in 
recent years. This interest is due in part because of the 
relatively low cost of electroleSS processes compared to 
other (e.g., vacuum) deposition techniques, and because of 
generally Surface-controlled, Selective, conformal deposi 
tion properties of electroless processes. Electroless deposi 
tion has a number of potential applications, Such as repair of 
marginal Seed layerS for copper damascene electroplating, 
creation of Seed layers and barrier layers directly on dielec 
trics that can be plated, and Selective deposition of barrier 
and electromigration capping layers onto damascene metal 
(e.g., cobalt and cobalt alloys on copper). 
0004 Conventional electroless metal deposition is con 
ducted in a System containing one or multiple open baths 
containing plating Solution. In a typical operation, a wafer 
holder immerses a Substrate wafer face down in the plating 
Solution during plating operations. The plating Solution is 
exposed to ambient air, especially when the Substrate wafer 
is being moved and the wafer holder does not cover the 
plating bath Surface. Thus, an open bath System has disad 
Vantages. For example, during the metal deposition Step, 
ambient oxygen is readily dissolved in the Solution, and the 
dissolved oxygen can interfere with the desired metal depo 
Sition (e.g., by slowing or preventing metal deposition). 
ElectroleSS plating operations are typically performed at 
elevated temperatures in a range of 40 C. to 90° C., 
typically in a range of about 50° C. to 80 C. The plating 
Solution components have a tendency to evaporate. The 
tendency of water and Volatile components to evaporate is 
exacerbated by the need to Ventilate the gaseous Spaces over 
a plating bath, especially to remove explosive or toxic fumes 
inherent to the electroless Solution (e.g., ammonia gas) or 
created by Spontaneous decomposition of its components 
(e.g., dimethylamine, hydrogen). The heating load caused by 
evaporation Substantially increases the size and costs of a 
heater required to maintain plating bath temperature. Con 
densation of evaporate bath constituents on plating-cell 
walls and on the wafer holder are a Source of backside 
contamination. Maintaining bath concentration, therefore, 
requires complicated and expensive monitoring and control 
techniques. See, for example, U.S. Pat. No. 6,537,416, 
issued Mar. 25, 2003 to Mayer et al., and U.S. patent 
application Ser. No. 10/272.693, filed Oct. 15, 2002, which 
are hereby incorporated by reference. A conventional elec 
troless plating bath typically can have a bath Volume of 20 
liters or more. Typical bath turnover rates required to avoid 
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plate-out and composition drift are 6 hours to 10 hours. 
ASSuming a processing rate of 20 wafers per hour, approxi 
mately 160 wafers can be processed with 20 liters. 
0005. A problem of both face-down and face-up plating 
configurations is hydrogen-bubble entrapment on the plating 
Surface and resulting defects. Hydrogen gas is created as a 
byproduct of almost all known electroless plating-Solution 
reducing agents. A byproduct of most electroleSS plating 
oxidation half-reactions (i.e., the oxidation of the reducing 
agent) and of the Self-degradation of the reducing agents is 
dissolved molecular hydrogen (H). As these reactions con 
tinue (i.e., plating reactions and bath-aging), the amount of 
hydrogen increases until the Solution becomes Saturated and 
eventually Supersaturated with dissolved hydrogen. When 
this occurs, the formation of hydrogen gas (bubbles) is 
Spontaneous, and occurs most readily on Solid interfaces 
(e.g., vessel walls, wafer Surfaces). Areas in which bubbles 
are attached to the wafer are not plated, creating defects. 
Therefore, it is advantageous to utilize designs that mini 
mize the propensity for hydrogen formation, or minimize the 
effective bath age. 
0006 Solution pH influences the reaction rate of the 
electroleSS plating process. It is often useful to utilize an 
alkaline pH-adjuster, for example, lithium-, Sodium-, or 
potassium-hydroxide, but preferably ammonium- or tetram 
ethylammonium hydroxide (“TMAH') to maintain or adjust 
the pH. Alkali metal pH-adjusters are inexpensive, but are 
often unsuitable for Semiconductor applications because of 
their rapid diffusion into and poisoning of various device 
materials. Ammonium hydroxide is also inexpensive and 
does not generally degrade device performance, but it is 
Volatile. Therefore, the maintenance of ammonium hydrox 
ide concentration in a plating bath is problematic. TMAH 
and other analogous organic cation hydroxides do not Suffer 
from either of these problems, but are significantly more 
expensive. The constituents of a Semiconductor electroless 
plating Solution, particularly the reducing agents and 
TMAH, can be expensive, leading to bath costs in a range of 
S25/liter to S100/liter. Therefore, one would like to use 
lower cost materials without the negative impacts. Also, the 
waste treatment of electroleSS plating Solutions is compli 
cated and expensive. A waste treatment process generally 
involves forced decomposition of the reducing agents, 
accompanied by hydrogen gas Stripping and dilution. A 
Small amount of dissolved reducing agent can Spontaneously 
breakdown to create a large Volume of hydrogen gas in a 
Storage container (an explosive hazard), so the Stripping of 
reducing agents must be driven to completion. A plating 
Solution must also be Stripped of metal. The cost of Such 
plating Solution post-processing (including capital equip 
ment costs) is typically in a range of S5/liter to S10/liter. 
Inefficient use of the plating Solution, therefore, increases 
the cost of plating operations significantly. 

0007 Electroless plating solutions are also often inher 
ently unstable. The instability manifests itself in auto-deg 
radation of bath constituents and in the “plating-out” of bath 
metal as fine metallic particulate in the bulk Solution and 
onto processing equipment walls, filters, and other System 
components. The presence of plate-out particles also 
increases the number of defects in the workpieces and 
diminishes process yield. Generally, the instability of plating 
Solutions increases with reducing agent concentration and 
with temperature, and decreases with the addition of bath 
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“stabilizers” (e.g., oxygen, chlorine, lead, tin, cadmium, 
Selenium, tellurium). In opposition to this trend, the initia 
tion of electroleSS plating of a particular metal onto a 
Substrate and the plating deposition rate are also propor 
tional to reducing agent concentration and temperature, and 
decrease with the addition of bath Stabilizers. Thus, plating 
Solution instability and electroless plating rate and nucle 
ation are inherently linked in a non-advantageous manner. 
0008 Spray techniques have been suggested for electro 
less plating. See, for example, U.S. Pat. No. 6,065,424, 
issued May 23, 2000 to Shacham-Diamand et al. In such 
techniques, reacting plating Solution is applied to a wafer 
Surface as a Spray or mist. Typically, the wafer is rotating 
under the Spray or mist, and liquid Solution is spun radially 
outwards. Under Such conditions, it is difficult to maintain a 
Sufficiently high and uniform reaction temperature because 
of the Simultaneous cooling of the hot fluid by evaporation 
of the Solvent (e.g., water). Alternatively, heating the back 
side of the wafer by a heated chuck is possible. Nevertheless, 
this requires a relatively massive element with Sufficient heat 
capacity to maintain a globally uniform temperature over a 
standard 200 millimeter (mm) or 300 mm wafer. Also, the 
face-up base of the heating element/chuck is Susceptible to 
chemical contamination and transfer of that contamination 
to the wafer backside. Furthermore, backside heating does 
not Solve the problem of non-uniform evaporation and 
cooling of the bath solvent. On the other hand, a wafer chuck 
should be capable of Spinning at high-revolutions per minute 
(rpm) to enable spin-drying. Splashing of liquid against 
apparatus Walls and misting back onto the product Surface 
can cause contamination of the apparatus and defects on the 
Workpiece. Evaporation and misting of plating Solution into 
the plating Space results in Substantial loSS of the plating 
Solution, and unwanted formation of Volatile hazardous 
chemicals in the effluent. 

0009 Wet processing of isolated conductive-metal cir 
cuits connected to transistor elements in the presence of light 
often encounters a number of processing challenges. One 
problem is the creation of a photo-induced power Source 
when p-n junctions in the base-circuit transistors are 
exposed to light. Another problem is the completion of a 
corrosion circuit on the Surface being processed between the 
exposed isolated metal lines and a processing electrolytic 
Solution. The energy of the light photons is converted to 
electrical energy, creating a reverse bias potential and a 
corrosion circuit. 

0.010 Thus, liquid chemical reaction techniques, for 
example, immersion bath and Spraying techniques, typically 
encounter problems. Such as: difficult or unsuitable control of 
reaction and process conditions, inability to vary rapidly or 
dynamically various operating conditions, inability to 
handle unstable reaction mixtures, accumulation of reaction 
byproducts, inefficient use of expensive liquid Solutions, 
frequent wafer-handling between process Steps, high capital 
cost of equipment for multi-step processes; and excessive 
use of valuable clean-room floor Space. 

SUMMARY OF THE INVENTION 

0.011 The invention helps to solve some of the problems 
mentioned above by providing Systems and methods for 
liquid treatment of integrated circuit Substrates using a thin 
liquid layer. 
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0012. A novel thin-liquid-layer processing module 
enables processing of integrated circuit wafers with high 
throughput and low cost of ownership. Embodiments of 
Such a module are useful for, among others: electroless 
plating (e.g., deposition of Seed layers or the modification of 
Vacuum-deposited Seed layers by electroleSS copper depo 
Sition); Selective electroless deposition of cobalt and nickel 
(including combinations of Co, Ni, B, P, and W using 
electroless process Solutions); metal etching (e.g., etching of 
copper, Ta, TiSN, Co, Ni, etc.); electroless (chemical) pol 
ishing (e.g., of copper), Various Surface treatments (e.g., 
copper Surface reaction with benzotriazole or 3-mercapto 
1-propane Sulfonic acid); and cleaning and rinsing opera 
tions. In particular embodiments in accordance with the 
invention, a cobalt alloy is electrolessly plated onto copper 
material in an integrated circuit Substrate. An example is a 
cobalt-capping layer for capping copper. 

0013 The invention is described primarily with respect to 
its application to electroleSS plating, but the invention also 
includes embodiments useful for other liquid treatments, 
particularly chemical liquid reaction processes and related 
pretreatment and post-treatment operations. For example, 
removal of metal layerS is also conducted in accordance with 
the current invention. 

0014 Embodiments in accordance with the invention 
enable efficient use of Small volumes of often unstable fluid 
reactants and other processing chemicals at elevated tem 
peratures, with preferred embodiments having the ability to 
recycle these chemicals to reduce operating costs further. 
Embodiments in accordance with the invention also provide 
efficient use of Surface-cleaning and particle-removing 
chemicals and the use of minimal water for rinsing opera 
tions. Electroless (or chemical) plating, polishing, etching, 
and rinsing operations are conducted in accordance with the 
invention with a high degree of global uniformity, using a 
minimal amount of fluid reactant. 

0015. A thin liquid layer in accordance with the invention 
is a micro-sized reactor or treatment bath having a volume 
of the thin fluid gap between a wafer Substrate and a treating 
head. In this specification, therefore, a thin liquid layer for 
performing a liquid treatment of a SubStrate Surface is 
Sometimes referred to as a “microcell'. The terms “micro 
cell”, “microcell technology”, “microcell module”, and 
related terms are also used to refer to an apparatus or method 
in accordance with the invention comprising a treating head 
that defines a thin fluid gap with a Substrate Surface, which 
fluid gap is 10 filled with liquid to form a thin liquid layer. 
A“Supercell' and related terms generally mean a module or 
apparatus comprising microcell technology combined with 
the capability of conducting a plurality of pretreatment, 
cleaning, treatment, and post-treatment operations in a 
Single module, usually without moving a wafer Substrate 
from one Station to another. 

0016. In one aspect of the invention, the small volume of 
a thin liquid layer provides control of the degree or extent of 
the particular treatment operation. For example, by inserting 
an aliquot of liquid reactant at a certain concentration into a 
fluid gap and allowing it to remain in the fluid gap for a time 
Sufficient for a known reaction to run to completion or to an 
equilibrium point, a controlled known amount of material is 
deposited on the Substrate. For example, a layer having a 
thickness of 50 nanometers (nm) is deposited by including 
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a known number of moles of reactants in the thin liquid layer 
Sufficient to deposit 50 nm of material, and no more. 
Similarly, in an etching operation, a desired thickness of 
material is removed from a Substrate Surface by including a 
known number of moles of reactants in the thin liquid layer 
and allowing them to react to completion. 
0.017. In another aspect, such measured deposition, etch 
ing, or other treatment operations are conducted in a Series 
of Steps. For example, a partial etching is conducted, the 
Substrate's treatment Surface is examined, and then a further 
operation is conducted to complete the etching. In another 
aspect, a treatment is conducted in a Series of Steps because 
a single Step operation is undesirable or impossible because 
of the production of reaction byproducts or for other reasons. 
For example, in the electroleSS plating of cobalt on copper, 
oxidation of the reducing agent generates hydrogen gas. In 
Some embodiments, Since the liquid in the thin liquid layer 
has a limited Solubility of hydrogen gas, the liquid is flushed 
from the fluid gap and replaced with fresh reactants. 
0.018. Another advantage of an apparatus and a method in 
accordance with the invention is that the composition and 
flowrate of a treatment liquid into a fluid gap is controllable 
and dynamically variable during treatment operations. In 
one aspect, certain processes of a Substrate treatment, Such 
as nucleation, are conducted under quiescent conditions by 
injecting an aliquot of reactant liquid into a fluid gap and 
allowing it to sit. In contrast, certain other processes, Such as 
in a growth phase of electroless cobalt plating, liquid reac 
tant is continuously flowed into the fluid gap, generating 
convection in the thin liquid layer. 
0019. A microcell is suitable for solving various prob 
lems related to electroleSS plating. In electroleSS plating 
techniques, Some chemical reactant Solutions are chemically 
unstable. In conventional plating technology, which usually 
relies on a bath, multiple liters of reactant liquids and other 
processing liquids are used. When they are unstable and they 
turn bad, they can no longer be used. In a microcell in 
accordance with the invention, very Small amounts of liquid 
are used per wafer Substrate treated. A conventional immer 
sion bath typically holds a volume of 15 liters to 20 liters. 
In contrast, the Volume of a thin liquid layer in accordance 
with the invention is in a range of about from 10 milliliters 
(ml) to 2000 ml, typically 25 ml to 500 ml, and usually 25 
ml to 300 ml, depending on wafer size. 
0020 Electroless plating involves a chemical oxidation 
redox reaction of dissolved metal ions in Solution to achieve 
the desired metal deposition on a Substrate. The chemical 
reaction is typically Sensitive to temperature and to pH. A 
treating head positioned proximate to the Substrate wafer 
forms a fluid gap having a Small Volume. The fluid gap is 
filled with liquid reactants or other liquid, depending on the 
phase of the process. The Small volume of the resulting thin 
liquid layer allows temperature and pH, as well as other 
proceSS Variables, to be controlled and varied effectively. 
Among other functions, the treating head Serves as a pre 
heated “thermal mass', or "heat capacitor', that heats or 
cools the reactant fluid and maintains it at a desired tem 
perature. By changing the temperature of a treating head, the 
temperature of the thin liquid layer is changed to a new 
temperature. 

0021 Embodiments in accordance with the invention 
also enable electroless plating in a dark, light-free environ 
ment. 
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0022. In another aspect, pretreatment, liquid chemical 
treatment, and post-treatment operations are conducted in 
the same module, or "Supercell'. In another related aspect, 
a Supercell in accordance with the invention comprises a 
plurality of treating heads for performing multiple opera 
tions in a Single microcell module. 
0023. In one aspect, a single tube or a plurality of tubes 
function as liquid inlet tubes into the fluid gap. Typically, the 
inlet tubes define holes located about the central axis of a 
treating head So that fluid is injected proximate to the center 
of the fluid gap and of the treatment Surface. Alternatively, 
the inlet hole or holes are located near a peripheral edge of 
a treating head creating a type of flow front that moves 
acroSS a treatment Surface of a Substrate from one side to the 
other. This alternative is useful in avoiding the formation of 
a trapped air pocket or bubbles at the center of a thin liquid 
layer. In another aspect of the invention, a centrally located 
showerhead arrangement distributes liquid flow into a fluid 
gap So that flow is leSS concentrated at any particular point 
and So fluid convection is more uniform acroSS a treatment 
Surface. It is found that a showerhead also helps prevent the 
formation of a trapped bubble during filling. 

0024. In one aspect, a microcell comprises a manifold 
and a fluid cavity integral with a treating head. In another 
aspect, to provide balanced distribution of liquid 
flow through the several inlet tubes, a thin piece of diffusion 
membrane material is placed above the inlet tubes. Flow 
acroSS the diffusion membrane into the inlet tubes occurs 
only when there is sufficient pressure differential between 
the upper and lower side of the diffusion membrane. If there 
is insufficient pressure differential for flow, no flow occurs. 
When the pressure differential is achieved, flow occurs 
relatively evenly acroSS the membrane and into the plurality 
of inlet tubes and generates a correspondingly balanced 
liquid flow pattern into and through the fluid gap. In Still 
another aspect, a recirculation tube is in fluidic communi 
cation with a liquid Source tube from a liquid Source and 
with a liquid inlet tube that leads to a fluid gap. Preferably, 
a recirculation tube, a liquid Source tube, and a liquid inlet 
tube are connected through a multi-way valve. 

0025 Instill another aspect, a manifold bypass tube leads 
from a manifold cavity and is in fluid communication either 
with a liquid Source, or a drain, or both. A manifold bypass 
tube allows liquid from a manifold to be recirculated. A 
manifold bypass tube also functions to release preSSure from 
the manifold cavity, or prevent preSSure from forming in the 
manifold cavity. In another aspect, a manifold cavity typi 
cally includes a bubble removal tube for removing gas from 
the manifold cavity and for releasing pressure. In another 
aspect, liquid is filtered just priorto entering the fluid gap, 
usually with a 0.05 micron or 0.1 micron filter (FIG. 9). 
0026 Cobalt and some other metals are ferromagnetic. In 
one aspect of the invention, magnetic force is used to attract 
magnetic particles of cobalt (or other metal) and thereby 
remove cobalt-containing particulate matter from a chemical 
reactant liquid, from a liquid layer, or from the Surfaces of 
a microcell apparatus. In another aspect, a magnetic field is 
formed in a microcell to control and focus deposition of 
cobalt (or other metal) onto a treatment Surface. Thus, an 
electromagnet in the treating head or the Substrate holder is 
used to enhance nucleation, growth, and Selectivity. In Still 
another aspect, the magnetic field created by cobalt depos 
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ited on a treatment Surface (or other magnetic material on a 
Substrate) is measured to determine the amount of material 
deposited, the thickness of the layer, thickness uniformity, 
and topography. This allows efficient endpoint determina 
tion. In another aspect, continuous measurement of magnetic 
fields created by deposited cobalt or other magnetic material 
enables real-time feedback and quality control. 
0027. In still another aspect, light is shown into the fluid 
gap and an optical Sensor measures reflectivity, Spectra, or 
other optical property to measure layer thickness, layer 
uniformity, and topography. 

0028. In another aspect, a treating head comprises a 
peripheral edge corresponding Substantially in Shape to an 
outer edge of an integrated circuit wafer, and the peripheral 
edge forms a peripheral Slit with the outer edge of the 
integrated circuit wafer when the wafer is in the Substrate 
holder. The peripheral slit typically comprises a width in a 
range of about from 0.0 mm to 0.5 mm. A thin fluid gap in 
accordance with the invention typically comprises a width 
Substantially in a range of about from 0.1 mm to 4 mm. 
Accordingly, a thin fluid gap typically comprises a Volume 
in a range of about from 30 microliters per cm to 300 
microliters per cm of Substrate treatment Surface. 
0029. Other features, characteristics and advantages of 
embodiments in accordance with the invention will become 
apparent in the detailed description below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.030. A more complete understanding of the invention 
may be obtained by reference to the drawings, in which: 

0.031 FIG. 1 depicts a microcell device in accordance 
with the invention in which a treating head in a lowered, 
operating position and a Substrate wafer form a fluid gap 
filled by a thin liquid layer; 

0.032 FIG. 2 depicts a microcell device in accordance 
with the invention in which the treating head is in a raised 
position; 

0033 FIGS. 3A-3D schematically depict the stages of 
liquid flowing through an inlet tube to form a thin liquid 
layer in a fluid gap in accordance with the invention; 
0034 FIG. 4 schematically depicts a treating head com 
prising a megaSonic cleaner for removing undesired metal 
particles from a treatment Surface; 
0035 FIGS. 5A-5C schematically depict a rotation of a 
plurality of treating heads for performing a plurality of 
Surface treatments in the same microcell module in accor 
dance with the invention; 

0.036 FIGS. 6A-6C schematically depict the lowering of 
a megaSonic treating head into an operating position in 
accordance with the invention; 

0037 FIGS. 7A-7E schematically depict a cross-sec 
tional view of treating heads in which the head Surface shape 
is selected to influence temperature or fluid-flow distribution 
in a thin liquid layer; 

0.038 FIGS. 8A-8E Schematically depict various designs 
of inlet-hole locations in the head Surface of treating heads 
in accordance with the invention; 
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0039 FIG.9 schematically depicts a microcell module in 
accordance with the invention comprising a treating head 
with a manifold cavity and a plurality of inlet tubes; 
0040 FIG. 10 schematically depicts a microcell module 
in accordance with the invention in which liquid reactant is 
heated, and then flows into a fluid gap, or alternatively is 
cooled and recirculated to the liquid Source; 
0041 FIG. 11 schematically depicts a microcell module 
in accordance with the invention in which liquid flows into 
a manifold cavity, and then flows through inlet tubes into a 
fluid gap, or alternatively recirculates to a liquid Source, or 
both; 
0042 FIG. 12 schematically depicts an exhaust, or pres 
Sure differential, chuck in accordance with the invention for 
holding a Substrate by means of a pressure differential; 
0043 FIG. 13 contains a cross-sectional view of a treat 
ing head System in accordance with the invention; 
0044 FIG. 14 contains a process flow diagram for a 
microcell apparatus Suitable for unstable reaction mixtures, 
and 

004.5 FIG. 15 shows the results of electromigration 
(EM) tests comparing EM lifetime in wafers having Co 
capped Culines with EM lifetime in baseline wafers having 
Cu lines with no Co-capping. 

DESCRIPTION OF THE INVENTION 

0046. The invention is described herein with reference to 
FIGS. 1-15. It should be understood that the structures and 
systems depicted in schematic form in FIGS. 1-14 serve 
explanatory purposes and are not precise depictions of actual 
Structures and Systems in accordance with the invention. For 
example, the depiction of fluid inlet and outlet Streams in the 
figures below is different from hardware in actual embodi 
ments. Furthermore, the embodiments described herein are 
exemplary and are not intended to limit the Scope of the 
invention, which is defined in the claims below. 

0047 The terms “liquid treatment”, “treatment”, and 
related terms are used in a broad Sense in this Specification 
to designate any liquid-phase treatment of an integrated 
circuit Substrate, including, for example, pre-treatment 
operations, cleaning techniques, liquid chemical reactions, 
rinsing, drying, and post-treatment operations. The term 
“liquid chemical reaction treatment' is also used in a nar 
rower Sense and refers to a treatment conducted at the 
treatment Surface of an integrated circuit Substrate involving 
chemical reaction; for example, deposition, etching, and 
polishing operations. Broad categories of chemical liquid 
reaction treatments include electroless metal plating, elec 
troless etching, electrolytic plating, electrolytic etching, 
metal-oxide deposition, and liquid dielectric deposition. 
0048. The term “dynamically variable” and related terms 
means that a variable or parameter of an apparatus, method, 
or composition is variable during a treatment process. 
0049 FIG. 1 depicts a planar cross-sectional view 100 of 
a microcell apparatus 102 in accordance with the invention 
for conducting a liquid treatment, particularly a chemical 
liquid reaction treatment, using a thin liquid layer. Microcell 
apparatus 102 comprises a treating head 104, shown in FIG. 
1 in a lowered, operating position. In a lowered, operating 
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position, head surface 106 of treating head 104 forms a fluid 
gap 108 with a face-up substrate wafer 110. Thus, fluid gap 
108 is located between head Surface 106 and treatment 
surface 112 of Substrate wafer 110. During liquid treatment 
of treatment Surface 112 in accordance with the invention, 
fluid gap 108 is filled by a thin liquid layer. 

0050. In this specification, terms of orientation, such as 
“face-up”, “above”, “below”, “up”, “down”, “top”, “bot 
tom', and “vertical’ used to describe embodiments relate to 
the relative directions in FIGS. 1-4, 7, and 9-14 in which a 
Substrate wafer defines a Substantially horizontal plane. It is 
understood, however, that the Spatial orientation of Sub 
Strates and apparatuses in embodiments in accordance with 
the invention are not confined to those depicted in the 
drawings. 

0051. In a typical electroless process, overtime the plat 
ing metal tends to plate onto any available metal Surface. 
The ease of initiation of the plating depends on a number of 
variables, including roughness, Surface oxides, metal cata 
lytic reactivity with the reducing agent, and metal ion 
reduction charge transfer resistances. Therefore, the pres 
ence of metal Surfaces of a treating head is problematic. 
Nevertheless, it is generally desirable to use metal because 
metals process high thermal conductivity. Therefore, to 
avoid undesired plating of plating metal onto the metal 
Surface of a treating head, in certain embodiments the 
exposed head Surface is covered with a plastic film, typically 
having a thickness of about 1 mm or less to minimize 
interference with heat exchange between the treating head 
and the thin liquid layer. 

0.052 Reactor head 104 comprises a significant mass of a 
highly conducting material with a heat capacity Substantially 
greater than that of the Substrate. Generally, the total (not 
Specific) heat capacity of the head is designed to be more 
than 10 times greater than that of the Substrate, and the 
thermal conductivity of the heating mass in the head is 
designed to be as large as possible, generally greater than 0.2 
Watt cm K. Examples of suitable head materials are 
metals Such as copper (Cu), aluminum (Al), titanium, and 
iron, particularly aluminum and copper. Because the mate 
rial for the heating mass of the head may not be compatible 
with the reacting fluids (e.g., Some electroless Solutions have 
a tendency to plate onto a head metal), the bottom Surface of 
the head is typically covered or coated with a thin film of a 
compatible material (not shown), Such as a polyvinylidene 
difluoride (PVDF), polyethylene (PE), polypropylene (PP), 
or polytetrafluorethylene (PTFE) coating. The film is suffi 
ciently thick (about 1 mm) to be continuous and to protect 
the head from Spurious reaction and also to resist breaking 
under handling and typical operation. However, the thin 
protective film is also sufficiently thin so that it does not 
Substantially reduce the heat-transferring ability of the head 
to treatment Surface 112 (via the thin liquid layer of reactants 
in the fluid gap between the head and the Substrate wafer). 
Preferably, the flow path of injected liquid through the head 
is thermally insulated to avoid premature thermal decom 
position. A liquid inlet tube 114 made of a suitable material 
(e.g., plastic) carries liquid to head Surface 106 of the head 
and into fluid gap 108 between head surface 106 and 
treatment surface 112 of wafer 110. In a preferred embodi 
ment, the liquid is directed to a number of fluid inlet holes 
(e.g., a “shower head” or distribution outlet) whose location 
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and density are Selected to improve and optimize the uni 
formity of the chemical reaction treatment. 
0053 Microcell apparatus 102 includes a reactor contain 
ment vessel 120 having an outer wall 122 and a containment 
vessel bottom 124. Containment vessel 120 is made from 
material Suitable for withstanding the temperatures and 
corrosive conditions of plating and etching operations. 
Examples of Suitable materials include polyvinyl chloride 
(PVC), PVDF, PTFE and various copolymers, PE and PP. 
Microcell reactor 102 comprises a wafer chuck 130 for 
Supporting Substrate wafer 110 having Substrate treatment 
Surface 112, which is chemically treated in accordance with 
the invention. Wafer chuck 130 includes a rotary shaft 132 
connected to a motor (not shown) located below contain 
ment vessel bottom 124. Wafer chuck 130 also includes 
three or more support pins 134 for holding wafer 110 above 
chuck arms 136. Alignment pins 138 are useful for centering 
wafer 110 during its insertion into microcell module 102 via 
a wafer-handling robot arm, and are typically tapered to 
facilitate this operation. Alignment pins 138 also serve to 
contain wafer 110 from Spinning out during operations 
occurring with rotation (pre-wetting, thin film plating or 
etching, rinsing, and high Speed drying). Designs and uses of 
a chuck have been described with reference to copper edge 
bevel removal (EBR) operations, for example, in U.S. Pat. 
No. 6,537.416, issued Mar. 25, 2003 to Mayer et al., which 
is incorporated by reference. 
0054 An exit drain 140 is located at bottom 124 of 
containment vessel 120. Rinse waste and reactant chemical 
material not otherwise diverted for recycling exit contain 
ment vessel 120 through drain 140. The inside bottom 142 
of containment vesse 120 is preferably sloped towards exit 
drain 140 to facilitate draining. In a preferred embodiment, 
microcell reactor 102 contains a reactant recycling diversion 
system 150. Diversion system 150 comprises one or more 
troughs 152 located radially outward from wafer 110. 
Troughs 152 preferably are movable up or down for align 
ment Substantially with the horizontal plane of wafer 110 to 
collect fluid 154 emanating from wafer treatment surface 
112 in a radial direction (which is induced in large measure 
by the rotation of the wafer surface). Connected to each of 
these troughs is a separate drain hole 156. A trough 152 is 
preferably designed Such that fluid is directed downward and 
into a drain hole 156, typically by locating drain hole 156 at 
the lowest location of the trough. Drain holes 156 lead to a 
primary drain tube 158. In a preferred embodiment, primary 
drain tube 158 fits inside a secondary drain tube 159 with a 
slightly larger diameter. Thus, a primary drain tube 158 is 
movable up or down in secondary drain tube 159 and is 
designed with enough travel to Stay always inside Secondary 
tube 159 over its normal length of operational travel. In 
certain embodiments, a secondary tube 159 is in fluid 
communication with a treatment liquid Source (not shown) 
for recycling collected treatment liquid to the Source. In one 
aspect, one or more collection troughs are activated for 
movement up or down, allowing a trough to be positioned 
relative to a Substrate to capture liquid exiting from the thin 
liquid layer. Alternatively, the fluid gap may be moved with 
respect to a collection trough by moving a Substrate together 
with the treating head up or down. Preferably, drains asso 
ciated with each collection trough are separate, thereby 
allowing liquid collected in one drain to be processed 
differently from a liquid collected in another drain. For 
example, cleaning or rinsing liquid is typically discarded, 
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whereas expensive plating liquid is collected and recircu 
lated in certain embodiments. ElectroleSS plating Solutions 
may require expensive waste treatments, So Separating con 
centrated plating waste from more dilute rinses is desirable. 
The path or trajectory of liquid exiting from a thin fluid gap 
depends Strongly on the rotational Speed of the Substrate and 
is used to direct fluid into various troughs. If a Substrate is 
Spinning very quickly, liquid exits nearly horizontally. If 
Spinning slowly or not at all (0 rpm to 10 rpm) during Some 
period of the process, then the liquid tends to drip off the Side 
of the wafer and it is collected in appropriately positioned 
collection troughs or at the bottom of a containment cham 
ber in an exit drain. 

0055 FIG.2 depicts a planar cross-sectional view 160 of 
microcell apparatus 102 in which treating head 104 is in a 
raised position. Microcell apparatuS 102 optionally includes 
one or Several rinse nozzles 161 or Similar applicators for 
dispensing a thin film of deionized water (DI) or other 
solution onto substrate surfaces. Preferably, nozzle 161 is 
located at the periphery of containment vessel 120 to Spray 
liquid inward onto treatment surface 112. For example, DI 
water or a Solution containing a Surfactant is useful for 
pre-wetting a wafer 110, for removing air and entrapped 
bubbles from the wafer, and for rinsing chemical left after 
deposition or material-removal operations from a wafer 
treatment surface 112. Optionally, heated DI is used to 
improve the efficiency of a liquid reaction treatment by 
minimizing heating times when hot reactant fluids are used 
Subsequent to DI treatment. An optional rinse nozzle (not 
shown) directed at backside 162 of a wafer 110 is useful for 
removing incidental presence of processing fluids from 
backside 162. Heating a wafer 110 from both the top and 
bottom with hot DI is useful for preparing a wafer 110 for 
heated processing, in Some cases improving throughput. In 
Some embodiments, after pre-wetting liquid is applied to a 
wafer 110, a substantial fraction of the total pre-wetting 
liquid (which may contain DI water, Surfactants, dilute acid, 
or reducing agents), is removed by Spinning and is routed to 
exit drain 140. 

0056 FIG. 2 depicts a magnetic source in the form of a 
magnetic induction coil 180 embedded in treating head 104. 
In one aspect of the invention, magnet 180 generates a 
magnetic force to attract magnetic particles of cobalt (or 
other metal) and thereby remove metal-containing particu 
late matter from a chemical reactant liquid, from a liquid 
layer, or from the Surfaces of a microcell apparatus. In 
another aspect, magnet 180 generates a magnetic field to 
control and focus deposition of cobalt (or other metal) onto 
a treatment Surface. Thus, an electromagnet in the treating 
head or the Substrate holder is used to enhance nucleation, 
growth, and Selectivity. In Still another aspect, magnet 180 
generates a magnetic field, and a magnetic field Sensor 182 
proximate to substrate 110 measures the amount of ferro 
magnetic material deposited, the thickness of the layer, 
thickneSS uniformity, and topography. This allows efficient 
endpoint determination. In another aspect, continuous mea 
Surement of magnetic fields created by deposited cobalt or 
other magnetic material enables real time feedback and qual 
ity control. 

0057 FIG.2 depicts a light source 184 and optical sensor 
186. Light source 184 directs light at a substrate 110, and 
optical Sensor 186 measures reflectivity, transmittance, a 
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Spectrum, or other optical property to determine layer thick 
neSS, layer uniformity, and topography. 
0.058 FIGS. 3A-3D schematically depict stages of liquid 
flowing through an inlet tube to form a thin liquid layer in 
a fluid gap in accordance with the invention. Treating head 
204 with head surface 206 is moved downwards (FIG. 3A) 
and forms fluid gap 208 between head surface 206 and 
substrate wafer 210 (FIG. 3B). Reactant liquid 211 flows 
through liquid inlet tube 214, and makes contact with wafer 
treatment surface 212 at wafer center 213 (FIG. 3B). The 
time at which the fluid is turned on, the drop rate of the head 
to the wafer, and the relative velocity between the head and 
the rotating (or Stationary) wafer are controlled to develop a 
uniform wetting front emanating from wafer center 213 and 
growing radially outwards (FIG. 3C). Eventually, gap 208 
is filled with liquid, which forms thin liquid layer 220, and 
dropS 222 emanate from peripheral Slit opening 224 at a rate 
equal to the reactant feed rate (FIG. 3D). A particular 
wetting and filling operation depends on fluid temperature, 
Viscosity, and Surface tension, and on the approach Velocity 
and relative rotation rates of treating head 204 and substrate 
wafer 210. 

0059. The term “flowing liquid into a thin fluid gap' and 
related terms in this specification are used broadly to refer to 
Several different types of liquid flowing operations. In one 
Sense, flowing liquid into a thin fluid gap means simply 
flooding the gap or filling it with the liquid to form a thin 
liquid layer in accordance with the invention. Then, after a 
thin liquid layer has been formed, the flow of liquid into the 
thin fluid gap ceases or continues at a same flow rate or 
continues at a different flow rate. In a Second Sense, there 
fore, flowing liquid into a thin fluid gap means continuously 
flowing liquid, either at Steady-state or at an unsteady State, 
into a thin fluid gap and out of the gap at a corresponding 
flow rate. It is a feature of Some embodiments in accordance 
with the invention that a liquid treatment can be conducted 
by filling a thin fluid gap with liquid to form a thin liquid 
layer, and then cease flow for a period of time, thereby 
conducting essentially a batch operation. On the other hand, 
continuous flow operations are conducted in Some embodi 
mentS. 

0060. The terms “upstream” and “downstream” are used 
in this specification in their usual Sense with reference to 
directions of process flow Streams and relative locations in 
a proceSS. 

0061. In another aspect, a treating head is heated and 
maintained at an elevated temperature by one or a plurality 
of means. In another aspect, an electrical heating element 
170 is attached to the top of (FIGS. 1, 2), or embedded into, 
a treating head. The temperature is controlled by a regulator 
that Senses the head's temperature via thermocouple, ther 
mistor, or similar device embedded in the bulk of the head. 
Alternatively, a heat eXchange manifold with a high-Surface 
area fluid path interfaces with flow of an externally tem 
perature-controlled head-exchange fluid. 

0062) A treating head rotates with the wafer, opposite to 
the wafer, or is Stationary. Rotation enables modification and 
control of the hydrodynamics and mass transfer of reactants 
in the thin liquid layer to the treatment Surface. Fluid gap 
108, 208 between the Substrate and the head is maintained 
by phenomena Similar to those occurring in the fluid bear 
ings. In Such an embodiment, the size of the fluid gap is 
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Self-regulating. The fluid gap Size depends on the relative 
rotation rate, injected fluid flow rate, and shape of the 
treating head Surface. Alternatively, the fluid gap is con 
trolled by mechanical stops 172 and the like (see FIG. 1). 
The gap is fine-tuned with a turn-Screw against a hard Stop, 
with three position contacts to a Support tied to the same 
base as the chuck mount of the wafer. Thus, the size of the 
fluid gap and the size of the thin liquid layer are variable. 
0.063. In one aspect, pre-wetting and cleaning of the 
treatment Surface is conducted before plating or other 
chemical liquid reaction treatment. For example, exposing 
the treatment Surface with an activator Solution prior to 
nucleation is conducted using a thin liquid layer in the fluid 
gap, or alternatively by Spraying or otherwise rinsing the 
treatment Surface. 

0064. In another aspect, post-treatment scrubbing of a 
treatment Surface is conducted using megaSonic technology. 
A megaSonic transducer is disposed proximate to the Sub 
Strate treatment Surface. In Some embodiments, a liquid film 
is disposed on a Substrate treatment Surface and then a quartz 
rod or Similar device with a transducer is extended over the 
treatment Surface. The quartz, rod Vibrates at a very high 
frequency. The resulting preSSure waves in the liquid pro 
vide Sufficient mechanical energy to clean the treatment 
Surface. For example, a commercially available megaSonic 
device, Sold under model name “Goldfinger', operating at 
830 kHz and 125 watts with approximately 50/1000 inch 
spacing between the unit and the treatment Surface provides 
good cleaning of the Substrate. A number of treatments are 
useful in combination with megaSonic agitation in various 
locations of a microcell reactor for highly efficient cleaning 
and rinsing of apparatus Surfaces. These cleaning treatments 
typically utilize commercially available proprietary Solu 
tions designed to complex with various metal ions, to alter 
the Solution Zeta potential, and to modify the Surfaces point 
of Zero Surface, thereby freeing the Surface of particles. 

0065 Thus, a reactor module in accordance with the 
invention is useful in combination with a number of other 
important devices and techniques. FIG. 4 Schematically 
depicts a planar cross-sectional view 300 of an apparatus 
302 that contains an alternative treating head 304 compris 
ing a megaSonic cleaner 305 for removing undesired metal 
particles from wafer 310 including treatment surface 312. A 
Vibrating element 316 typically is a rod, plate, or wedge. 
Vibrating element 316 is connected to a vibration transducer 
318, which in turn is connected to a mounting plate or 
Similar aligning fixture 319. The megaSonic cleaner is a 
stand-alone element (as in FIG. 4) or it is integrated into 
head surface 306 of a treating head. In some embodiments, 
an apparatus in accordance with the invention comprises a 
polishing pad and head (not shown). In another aspect, 
treating head 305 or a polishing pad is moved in close 
proximity to substrate treatment surface 312 (preferably 
while it is rotating). 
0.066 FIGS. 5A-5C schematically depict a head array 
404 comprising a plurality of treating heads for performing 
a plurality of Surface treatments in the same microcell in 
accordance with the invention. FIGS.5A-5C show the inher 
ent flexibility of a treating head device combined with a 
face-up rotating wafer module. In FIG. 5A, a microcell 
reactor head 406 for forming a thin liquid layer in a fluid gap 
is disposed in a raised position over containment vessel 408. 
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Above the reactor treating head, attached to a rotary main 
shaft 410 are a microwave cleaning head 412 and treating 
heads 415, 416. Examples of useful functional types of 
treating heads have been described above, but embodiments 
in accordance with the invention are not limited to those 
particular functions. In one aspect, a plurality of different 
reactor heads provide different operating conditions to effect 
different liquid chemical reaction treatments or other liquid 
treatments. A further example is a treating head that is 
Specifically designed for rinsing the Surface; for example, a 
plastic, unheated head that rotates with the wafer and has 
outlet holes for cleaning liquid. This is particularly useful 
when treating a Surface that is hydrophobic in nature or has 
hydrophobic areas. A thin-gap-creating head over a hydro 
phobic Surface makes it possible to maintain complete 
wetting using very little rinse water to clean Surfaces. FIG. 
5B shows partial rotation around rotary main shaft 410. 
FIG. 5C shows completed rotation of cleaning head 412 into 
a raised position above containment vessel 408. FIGS. 
6A-6C Schematically depict the lowering of megaSonic 
treating head 412 into an operating position in accordance 
with the invention. In FIG. 6A, head 412 is in a raised 
position above containment vessel 404. FIG. 6B shows a 
partially lowered array 404, and FIG. 6C shows array 404 
in a lowered position in which megaSonic treating head 412 
is disposed near to a treatment Surface of a Substrate wafer. 
0067. As depicted in FIGS. 1 and 2, treating head 104 is 
characterized by a head Surface 106 having a shape that is 
Substantially flat and horizontal. In other embodiments, a 
treating head has a head Surface that has been shaped to 
control or improve proceSS conditions; for example, to effect 
a more uniform temperature distribution or a desired fluid 
flow distribution in a thin liquid layer. FIG. 7A schemati 
cally depicts a cross-sectional view of a treating head 450 
with a head Surface 452 that is upwardly conical, typically 
forming an angle to the horizontal plane of Substrate 454 in 
a range of about from 1 degree to 30 degrees. Ahead Surface 
shape as in FIG. 7A forms a narrow slit 456 at its peripheral 
edge 457 with outer edge 458 of substrate wafer 454, while 
the upward conical Surface increases the Volume of fluid gap 
459 compared to the volume formed by a flat head surface. 
FIG. 7B schematically depicts a cross-sectional view of a 
treating head 460 with a central head surface 461 that is 
upwardly conical and with an outer head Surface 462 that is 
Substantially flat and horizontal. A head Surface shape as in 
FIG. 7B forms a narrow fluid gap 464 with substrate 466 at 
its outer head surface 462, while upward conical Surface 461 
increases the Volume of the fluid gap compared to the 
volume formed by a flat head surface. FIG. 7C schemati 
cally depicts a cross-sectional view of a treating head 470 
having a central head surface 472 that is substantially flat 
and horizontal, and having an outer head Surface 473 that is 
substantially flat and horizontal. When outer head surface 
473 is positioned very near a substrate surface, it forms a 
narrow peripheral slit 474, but the width of fluid gap 475 
corresponding to central head Surface 472 is wider and 
provides a larger volume. FIG. 7D schematically depicts a 
croSS-Sectional view of a treating head 480 having a head 
surface 482 that is substantially convex relative to a face-up 
substrate treatment surface 484. FIG. 7E schematically 
depicts a cross-sectional view of a treating head 490 having 
a central head surface 492 that is downwardly conical, and 
having an outer head surface 494 that is substantially flat and 
horizontal relative to substrate 496. A treating head 490 
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forms a fluid gap 497 that is thin at the center of a wafer 496, 
and is relatively thick at the edges of the wafer. 
0068 FIGS. 8A-8E schematically depicts bottom views 
of treating heads showing various designs of inlet-hole 
locations in the head Surface of treating heads in accordance 
with the invention. FIG. 8A depicts treating head 510 
having head surface 512 with a centrally located inlet hole 
514. FIG. 8B depicts treating head 520 having head surface 
522 with a centrally located showerhead arrangement of 
inlet holes 524 that distributes liquid flow into a fluid gap so 
that it is leSS concentrated at any particular point and Sofluid 
convection is more uniform across a treatment Surface. FIG. 
8C depicts treating head 530 having head surface 532 with 
a plurality of inlet holes 534 extending from center 536 on 
a radial path outwards to edge 538. FIG. 8D depicts treating 
head 540 having head surface 542 with a plurality of inlet 
holes 544 in a substantially straight line through the center 
of 546. FIG. 8E depicts treating head 550 having head 
surface 552 with an inlet hole 554 located near a peripheral 
edge, creating a type of flow front that moves acroSS a 
treatment Surface of a Substrate from one Side to the other. 
This alternative is useful in avoiding the formation of a 
trapped air pocket or bubbles at the center of a thin liquid 
layer. 

0069 FIG.9 schematically depicts a cross section 600 of 
a microcell module 602 in accordance with the invention. 
Microcell module 602 comprises a microcell-reactor treat 
ing head 604 and a chuck 606 for holding a substrate wafer 
608. When a substrate wafer 608 is present in substrate 
holder 606, treating head 604 and substrate 608 define a thin 
fluid gap 612 that is located between head surface 614 of 
treating head 604 and treatment surface 616 of substrate 608. 
Treating head 604 comprises a manifold cavity 618 and a 
plurality of inlet tubes 620 that provide passage of fluid from 
manifold cavity 618 through inlet holes 622 into a fluid gap 
612. Thus, treating head 604 serves as a showerhead-type 
inlet manifold for liquid and gaseous fluids into thin fluid 
gap 612. Microcell 602 further comprises a manifold inlet 
624 through which fluid flows into manifold cavity 618. In 
liquid treatment methods in accordance with the invention, 
liquid in fluid gap 612 forms a thin liquid layer 626. 
Typically, the combination of treating head 604 and Sub 
Strate-holding chuck 606 are contained within a containment 
chamber 630 when treating head 604 is in a lowered 
position, as depicted in FIG. 9, proximate to substrate wafer 
608 to form thin fluid gap 612. Containment chamber 630 
comprises an exit drain 631. In certain preferred embodi 
ments, treating head 604 comprises Zoned heaters 632 
controlled by conventional means. In another aspect, as 
depicted in FIG. 9, a substrate-holder chuck 606 comprises 
backside dispensing tubeS 634 for directing heating fluid, 
deionized water, cleaning liquids or other liquids 635 at 
backside 636 of a Substrate 608. In certain embodiments, 
chuck 606 includes backside Zone heaters 638 for heating 
substrate 608. A multizoned heater generates and controls a 
nonuniform heating profile in treating head 604 or in a 
substrate holder 606, and thereby enhances temperature 
control in a thin liquid layer 626. Time-varying control of a 
heater allows dynamic variation of temperatures during the 
treatment process. 

0070 Microcell apparatus 602 further includes a first 
Source tube 640 and a second Source tube 642 from first 
liquid Source 644 and Second liquid Source 646, respectively. 
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In certain preferred embodiments in accordance with the 
invention, a plurality of liquid Streams are mixed at or near 
the fluid gap, allowing an unstable chemical mixture to be 
formed at or near the point of use and thereby avoid 
premature reaction or decomposition. Accordingly, as 
depicted in FIG. 9, microcell apparatus 602 includes point 
of use mixer 648. First, and second liquid streams in first and 
second source tubes 640, 642, respectively, flow into mixer 
648 where they are mixed. The mixed liquid stream exits 
mixer 648 and flows through manifold inlet 624 into mani 
fold cavity 618. 

0071 Treating head 604 functions as a showerhead-type 
injection manifold and thereby provides distributed flow of 
liquid into fluid gap 612. In another aspect, a diffusion 
membrane 650 located in manifold cavity 618 balances 
liquid flow from manifold cavity 618 through inlet tubes 620 
into fluid 612. Typically, a diffusion membrane 650 rests on 
manifold cavity bottom 652 and covers inlet tubes 620. In 
another aspect, a hydrophilic membrane 650 maintains 
bubble-free wetting of a substrate treatment surface 616. 
Preferably, a diffusion membrane 650 is selected so that flow 
acroSS the diffusion membrane into the inlet tubes occurs 
only when there is sufficient pressure differential between 
the upper and lower side of the diffusion membrane. If there 
is insufficient pressure differential for flow, no flow occurs. 
When the pressure differential is achieved, flow occurs 
relatively evenly acroSS the membrane and into the plurality 
of inlet tubes and generates a correspondingly balanced 
liquid flow pattern into and through the fluid gap. 

0072. In still another aspect, microcell apparatus 602 
comprises a manifold bypass tube 660 that leads from 
manifold cavity 618 and is in fluidic communication either 
with a liquid Source, or a drain, or both. Manifold bypass 
tube 660 allows liquid from a manifold to be diverted and 
recirculated. Manifold bypass tube 660 also functions to 
release pressure from the manifold cavity, or prevent pres 
Sure from forming in the manifold cavity. By appropriate 
control of manifold bypass valve 662, liquid flow through 
manifold cavity 618 into thin fluid gap 612 is controlled. 
Although manifold bypass 660 is depicted in FIG. 9 at the 
side of treating head 604, in practice manifold bypass tube 
660 is preferably located at the center 664 of treating head 
604 to allow rotation of treating head 604. Chuck 606 is 
connected to rotary shaft 666, which provides rotation of 
Substrate 608. 

0073 FIG. 10 schematically depicts a cross-section 700 
of a microcell module 702 in accordance with the invention. 
Microcell module 702 comprises a microcell-reactor treat 
ing head 704 and a chuck 706 for holding a substrate wafer 
708. Treating head 704 and chuck 706 are disposed within 
containment chamber 710, which has an exit drain 711. 
When a substrate wafer 708 is present in substrate holder 
706, treating head 704 and substrate 708 define a thin fluid 
gap 712 that is located between head surface 714 of treating 
head 704 and treatment Surface 716 of Substrate 708. 

0074 Aliquid inlet tube 720 passes through treating head 
704 and inlet hole 722 into fluid gap 712. During operation, 
fluid gap 712 is filled with liquid to form a thin liquid layer 
715 in accordance with the invention. A liquid source tube 
724 is in fluidic communication with liquid inlet tube 720 
and recirculation tube 726 through 3-way source valve 728. 
Liquid reactant is present in liquid Source 730. Liquid Source 
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tube 724 is in fluidic communication with Source exit 732 of 
liquid source 730. In certain preferred embodiments, micro 
cell module 702 comprises liquid heater 734, which heats 
liquid from liquid source 730 as it flows into liquid source 
tube 724. In more preferred embodiments, microcell module 
702 comprises a liquid cooler 736 for cooling a heated 
recirculated liquid flowing in recirculation tube 726 back 
into liquid source 730. Valve 728 is controlled to control the 
portion of heated liquid in liquid source tube 724 that flows 
through liquid inlet tube 720 into thin fluid gap 712. Valve 
728 is controllable so that all, or none, or just a portion of 
liquid flowing in liquid source tube 724 flows into liquid 
inlet tube 720. Preferably, valve 728 is dynamically con 
trollable so that the amounts of liquid in liquid inlet tube 720 
and recirculation tube 726 are dynamically variable during 
treatment operations. In certain embodiments, microcell 
apparatus 702 includes a liquid recycle tube 740 with 
dynamically controllable recycle valve 744 for recycling 
collected liquid reactant 742 from the bottom of containment 
chamber 710 (or from a diversion system 150, as described 
with reference to FIG. 1) back to liquid source 730. 
0075 Reactant liquid source 730 optionally includes a 
heat exchanger for cooling (to stop autocatalytic reactions) 
or heating (preparing the chemical for reaction and Subse 
quent recycling). The choice of heating, cooling, recirculat 
ing, and recycling operations within microcell 702 in meth 
ods in accordance with the invention is determined by the 
properties of the particular materials/chemicals being used, 
their stability, and processing temperature. Chemicals and 
mixtures that are highly unstable are kept cool and then 
heated only right before application to the wafer. For 
example, in certain embodiments, cool fluid is pumped from 
a liquid source 730, heated in-line in heater 734, and/or 
heated in the intricacies of any feed lines imbedded in a 
heated treating head, and then introduced into the thin fluid 
gap beneath treating head. While the fluid is in the gap, it is 
also optionally being heated by a heated head 704. After use, 
the hot liquid is ejected from gap 712 and recycled back to 
a cooled containment vessel via a recycling tube 740 or a 
reactant recycling diversion apparatus 150, as described 
with reference to FIG.1. Alternatively, collected liquid exits 
through drain 711 for waste disposal. More stable chemis 
tries are maintained in liquid Source 730 at or near an 
operating temperature desired in a thin liquid layer 715. 
Commonly, a “bleed and feed” of the fluid in the reactant 
vessel is employed to avoid Substantial changes to bath 
properties due to consumption of reactants in the process, 
dilution due to rinse water introduction to the bath, and 
auto-decomposition. Determination of the optimum liquid 
Source size and turnover rate is made according to reactant 
Solution Stability measurements consistent with the liquid 
Source turnover time (i.e., removal rate (liter/hr)/Source 
Volume (liter)). Removal rate calculations include consid 
erations of evaporation, consumption, decomposition, rinse 
water introduction, and efficiency of reactant-collection in a 
recycling diversion apparatus. 

0.076. In another aspect, treating head 704 typically com 
prises a gas injection tube 746 for injecting inert gas into 
fluid gap 712 to eject thin liquid layer 715. Gas injection 
tube 746 is also useful for removing gas bubbles from thin 
liquid layer 715 in fluid gap 712 and for releasing pressure 
from thin liquid layer 715. 
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0.077 Preferably, chuck 706 includes multizone heaters 
747 for heating substrate wafer 716. 
0078. In another aspect, liquid is filtered just prior to 
entering the fluid gap, usually with a 0.05 micron or 0.1 
micron filter 748 located in liquid inlet tube 720. 
0079. In another aspect, microcell 702 preferably 
includes a plurality of inert gas nozzles 752 located for 
creating an inert-gas blanket (e.g., nitrogen) around the outer 
edge of the wafer to inhibit or prevent air oxidation of the 
wafer surface and thin liquid layer 715. 
0080 Chuck 706 is connected to rotary shaft 766, which 
provides rotation of Substrate 708. 
0081. A thin liquid layer typically completely covers the 
treatment Surface of a wafer Substrate, even very hydropho 
bic Surfaces, due to the proximity of the head Surface to the 
Substrate and to the combined properties of liquid Viscosity 
and Surface tension. The liquid in a thin fluid gap in 
accordance with the invention typically does not exit the 
Surface of the wafer unless Some external force is applied to 
it. Under typical process conditions, liquid does not begin to 
exit from the open edge of a thin liquid layer in a fluid gap 
having a peripheral-slit width of 1 mm to 2 mm until the 
Substrate wafer is rotated about 50 rpm or greater. In Some 
embodiments, gas is injected into the fluid gap to expel 
liquid from the fluid gap, thereby removing the Surface 
tension and any associated Suction between the treating head 
and a Substrate wafer. 

0082 FIG. 11 schematically depicts a cross-section 800 
of a microcell module 802 in accordance with the invention. 
Microcell module 802 comprises a microcell-reactor treat 
ing head 804 and a chuck 806 for holding a substrate wafer 
808. When a substrate wafer 808 is present in substrate 
holder 806, treating head 804 and substrate 808 define a thin 
fluid gap 812 that is located between head surface 814 of 
treating head 804 and treatment surface 816 of substrate 808. 
Treating head 804 comprises a manifold cavity 818 and a 
plurality of inlet tubes 820 that provide passage of fluid from 
manifold cavity 818 through inlet holes 822 into a fluid gap 
812. Thus, treating head 804 serves as a showerhead-type 
inlet manifold for liquid and gaseous fluids into thin fluid 
gap 812. Microcell 802 further comprises a manifold inlet 
824 through which fluid flows into manifold cavity 818. In 
chemical liquid reaction treatment or other liquid treatment 
methods in accordance with the invention, liquid in fluid gap 
812 forms a thin liquid layer 826. Typically, the combination 
of treating head 804 and substrate-holding chuck 806 are 
contained within a containment chamber 830 when treating 
head 804 is in a lowered position, as depicted in FIG. 11, 
proximate to substrate wafer 808 to form thin fluid gap 812. 
Containment chamber 830 comprises an exit drain 831. In 
certain preferred embodiments, treating head 804 comprises 
Zoned heaters 832. In another aspect, as depicted in FIG. 11, 
a substrate-holder chuck 806 comprises backside dispensing 
tubes 834 for directing heating fluid, deionized water, clean 
ing liquids, or other liquids 835 at backside 836 of a 
Substrate 808. In certain embodiments, chuck 806 includes 
backside Zone heaters 838 for heating substrate 808. A 
multizoned heater generates and controls a nonuniform 
heating profile in treating head 804 or in a substrate-holder 
806, and thereby enhances temperature control in a thin 
liquid layer 826. Time-varying control of a heater allows 
dynamic variation of temperatures during the treatment 
proceSS. 
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0.083 Microcell apparatus 802 further includes a liquid 
Source tube 840 from liquid source 844. Liquid source tube 
840 is in fluidic communication through manifold inlet 824 
with manifold cavity 818. 
0084 Treating head 804 functions as a showerhead-type 
injection manifold and thereby provides distributed flow of 
liquid into fluid gap 812. In another aspect, a diffusion 
membrane 850 located in manifold cavity 818 balances 
liquid flow from manifold cavity 818 through inlet tubes 820 
into fluid 812. Typically, a diffusion membrane 850 rests on 
manifold cavity bottom 852 and covers inlet tubes 820. In 
another aspect, a hydrophilic membrane 850 maintains 
bubble-free wetting of a substrate treatment surface 816. 
Preferably, a diffusion membrane 850 is selected so that flow 
acroSS the diffusion membrane into the inlet tubes occurs 
only when there is sufficient pressure differential between 
the upper and lower side of the diffusion membrane. If there 
is insufficient pressure differential for flow, no flow occurs. 
When the pressure differential is achieved, flow occurs 
relatively evenly acroSS the membrane and into the plurality 
of inlet tubes and generates a correspondingly balanced 
liquid flow pattern into and through fluid gap 812. 

0085. In still another aspect, microcell apparatus 802 
comprises a manifold bypass tube. 860 that leads from 
manifold cavity 818 and is in fluidic communication through 
bypass valve 862 with recirculation to 864. Manifold bypass 
tube 860 allows liquid from a manifold to be diverted and 
recirculated. Manifold bypass tube 860 also functions to 
release preSSure from the manifold cavity, or prevent pres 
Sure from forming in the manifold cavity. By appropriate 
control of manifold bypass valve 862, liquid flow through 
manifold cavity 818 into thin fluid gap 812 is controlled. 
Although manifold bypass 860 is depicted in FIG. 11 at the 
side of treating head 804, in practice manifold bypass tube 
860 is located at the center 864 of treating head 804 to allow 
rotation of treating head 804. Chuck 806 is connected to 
rotary shaft 866, which provides rotation of Substrate 808. 
0.086. In another aspect, apparatus 802 typically com 
prises a gas injection tube 868 located in treating head 804 
for injecting inert gas into fluid gap 812 to eject thin liquid 
layer 815. Gas injection tube 868 is also useful for removing 
gas bubbles from thin liquid layer 815 in fluid gap 812 and 
for releasing pressure from thin liquid layer 815. 

0.087 Thus, in one aspect of the invention, a liquid layer 
in a fluid gap is expelled by injecting gas into the fluid gap 
using Sufficient preSSure. Alternatively or additionally, the 
chemicals in the gap are flushed by flowing water through 
manifold cavity 818 and inlet tubes 820. This flushing is 
typically followed with expulsion of the rinse water from the 
gap by injecting gas into fluid gap 812. When injected 
proximate to the center of the fluid gap, the gas displaces the 
liquid radially outwards. The trajectory of the injected liquid 
depends to a large degree on the pressure and flowrate of gas 
into the fluid gap and on the rotational Speed of the Substrate. 
Using corresponding collection troughs and exit drains as 
described above, ejected fluid is recycled, processed to 
recover components, processed to expel undesired byprod 
ucts, and recycled or discarded. In this manner, an expensive 
plating Solution is used again. In a rinse phase, the treating 
head is still down. An objective of the rinse phase is to clean 
the wafer of residual chemicals, as well as clean the head. 
The treating head is rinsed to avoid evaporation of plating 
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Solution and resultant drying and plating of chemicals on the 
treating Surface of the head. Typically, deionized rinsing 
water is injected through the treating head into the fluid gap 
and the Substrate is spun at a relatively high rotation rate. 
Multiple rinses can be beneficial. In another aspect, the 
rotation rate is thereafter slowed down and the treating head 
is lifted. Preferably, the treating head is further cleaned in its 
upper position with a spray Stream of deionized water or 
other cleaning liquid. 
0088. In an exemplary embodiment of the invention, a 
fluid gap is filled (flooded) to form a thin liquid layer on a 
200 mm Substrate wafer by Spinning the Substrate at a speed 
in a range of about from 10 rpm to 50 rpm, preferably about 
25 rpm, and flowing liquid at a flowrate of about from 100 
ml per minute to 500 ml per minute into the center of the 
fluid gap. Alternatively, a thin liquid layer is formed by 
flowing liquid from either a Single hole or manifold with 
essentially the same rotation rate and flowrate, but flowing 
the liquid from an edge. During a plating operation, the 
rotation rate is typically in a range of from 0 rpm to about 
100 rpm, and the liquid flowrate is anywhere from 0 ml per 
minute to 500 ml per minute. 
0089 Certain embodiments in accordance with the 
invention include a Substrate holder that comprises an 
exhaust chuck, in which a Substrate is held in the chuck by 
means of a pressure differential. FIG. 12 depicts schemati 
cally a cross-sectional view 870 of an exhaust chuck system 
872 located in containment chamber 874. As depicted with 
its essential elements in FIG. 12, exhaust chuck system 872 
includes Substrate Supporter 876 that Supports a Substrate 
wafer 878. An exhaust tube 880 is located in lower contain 
ment chamber 882. Typically, air or other gas is drawn from 
the bottom of containment chamber 874 through exhaust 
tube 880. An annular collar 884 in containment chamber 874 
is located proximate to substrate 878, usually just below it, 
restricting gas flow from upper containment chamber 885 
above the Substrate to lower containment chamber 882 
below the Substrate. Annular collar 884 forms a narrow flow 
passage 886 between its inside collar edge 888 and outer 
wafer edge 890 of substrate wafer 878. An annular seal 892 
creates a seal between an outer collar lip 893 and a chamber 
wall lip 894 when chuck system 872 is in a closed, chucking 
position, as depicted in FIG. 12. Narrow flow passage 886 
typically has a width in a range of about from 1 mm to 7 mm. 
The constriction of flow causes a pressure differential, the 
pressure above substrate 878 being greater than the pressure 
below it. The pressure differential creates a chucking action 
that holds substrate 878 on Substrate support 876. This is an 
alternative to a conventional vacuum chuck, which pulls on 
the wafer and requires a rotary union inside to maintain the 
vacuum. The exhaust flow through exhaust tube 880 is 
relatively uniform and thereby pulls the substrate uniformly 
down on Supporting chuck base 876. With a 4-mm-flow 
passage 886, about 1 meter per Second of air flowing through 
narrow flow passage 886 produces about 20 pounds of force 
on a 200 mm wafer Substrate. In another aspect, annular 
collar 884 is moved down (or up, depending on the particu 
lar configuration) for wafer handling using a collar-moving 
mechanism on upper chamber wall 895, which includes 
rotatable wheel 896. An example of a moving mechanism of 
a chuck is described in U.S. Pat. No. 6,126,382, issued Oct. 
3, 2000 to Scales et al., which is hereby incorporated by 
reference. As annular collar 884 is moved down, narrow 
flow passage 886 is opened, and the pressure differential is 
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thereby removed. On the other hand, the exhaust flow 
through exhaust tube 880 is typically maintained. An advan 
tage of an exhaust chuck is that it eliminates clamps, pins, 
and other Structural clamping and aligning Structures that 
cause defects and interfere with maintaining and removing 
a thin liquid layer (not shown) on Substrate 878. Preferably, 
annular collar 884 includes drain holes 897 for liquid 
drainage. 

0090 FIG. 13 contains a cross-sectional view 900 of a 
preferred treating head system 902 in accordance with the 
invention. System 902 includes a treating head 904, a 
substrate holder 906 for holding a substrate wafer 908, and 
a dam or fluid-bearing ring 910. Fluid-bearing ring 910 is 
connected to treating head 904 and forms a peripheral edge 
of treating head 904. Typically, fluid=bearing ring 910 is an 
integral part of treating head 904. During operation, with 
treating head 904 in a lowered position, fluid-bearing ring 
910 and treatment surface 911 of wafer 908 define a periph 
eral slit 912 near outer edge 913 of substrate wafer 908. 
Fluid-bearing ring 910 typically comprises a radial thickness 
of about 1 mm. Fluid-bearing ring 910 is typically disposed 
in a range of about from 0.25 mm to 3 mm radially inwards 
from outer edge 913 of wafer substrate 908. Fluid-bearing 
ring 910 typically protrudes about 0.1 mm to 1.5 mm below 
the plane of head surface 914 of treating head 904. Fluid 
bearing ring 910 substantially encloses a fluid gap 915 
defined by head surface 914 of treating head 904 and 
treatment surface 911 of substrate wafer 908. Fluid-bearing 
ring 910 constricts or prevents the flow of liquid from a thin 
liquid film out of fluid gap 915. Peripheral slit 912 comprises 
a width (vertical dimension in FIG. 13) between fluid 
bearing ring 910 and treatment surface 911 in a range of 
about 0.0 mm to 0.3 mm. In Some embodiments, when 
treating head 904 and substrate wafer 908 are stationary or 
are rotated in the same direction at the same rotation rate, 
peripheral slit 912 is virtually zero. In other embodiments, 
when treating head 904 and Substrate wafer 908 are not 
rotated together, peripheral Slit 912 has a width greater than 
Zero, even though infinitesimal. Practically, a positive pres 
Sure differential between a thin liquid layer present in a 
filled-fluid gap 915 and the region radially exterior to 
fluid-bearing ring 910 causes the width of peripheral slit 912 
to be greater than Zero. In preferred embodiments, as 
depicted in FIG. 13, treating head 904 comprises an upper 
region 916 having an increased diameter 917 compared to 
outside diameter 918 of fluid-bearing ring 910. Increased 
diameter 917 results in an increase in the thermal mass of 
treating head 904, which is useful for maintaining a desired 
temperature of a thin liquid film in fluid gap 915. A fluid 
bearing ring 910 is useful for several reasons. A fluid 
bearing ring 910 makes control of the width of thin fluid gap 
915 easier. Also, the tendency for liquid in fluid gap 915 to 
drain is reduced, particularly when using a chuck or other 
apparatus that makes contact with the wafer edge and creates 
a “channel' for liquid to drain out of fluid gap 915. Spe 
cifically, fluid-bearing ring 910 allows fluid to drain out of 
the region external of the ring, but prevents or inhibits fluid 
from flowing from fluid gap 915 through peripheral slit 912. 
Also, a fluid-bearing ring 910 confines fluid in fluid gap 915 
under conditions of high wafer and/or head rotation. A high 
rotation rate enables a significant increase in convection of 
mass and heat without liquid in fluid gap 915 being ejected 
from the gap because a peripheral slit between ring 910 at 
the peripheral edge of treating head 904 and the substrate 
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below is very narrow or even closed. Furthermore, flushing 
of chemicals and rinse water is greatly improved. In a 
preferred embodiment, gas is introduced into the center of 
fluid gap 915 to expel a thin liquid layer or other liquid, and 
a gas bubble is thereby created. The presence of a fluid 
bearing ring 910 allows slow expansion of the bubble and 
controlled expulsion of liquid from fluid gap 915 through slit 
912. In preferred embodiments, wafer substrate 908 and 
treating head 904 are both Spinning at the same rate, 
preferably in a range of about 300 rpm to 800 rpm, in the 
Same direction. A pressurized gas bubble is introduced into 
the center of the water and is slowly allowed to force fluid 
out of slit 912 created by fluid-bearing ring 910. The 
centripetal forces on the fluid entrained on the wafer and 
head allow these Surfaces to be rapidly drained of exceSS 
fluid, and thereby reduces the likelihood of fluid dripping 
back down from treating head 904 onto wafer 908. In a case 
in which wafer 908 has both a hydrophobic area (e.g., low-k 
Coral" dielectric) and a hydrophilic Surface area (e.g., 
copper metal), an apparatus having a treating head System 
902 and a high rpm process for expelling liquid from fluid 
gap 915 is particularly useful for reducing the incidence of 
chemical defects and water-spot defects (e.g., Streaks, stains, 
contamination). 
0091. The pH often tends to drift during cobalt plating. 
For example, in Some embodiments, the liquid plating 
Solution contains an ammonium ion and the Solution is 
heated to an elevated temperature. In acqueous Solutions, the 
ammonium ion is in equilibrium with the amount of dis 
Solved ammonia gas by the chemical equilibrium: 

0092. Since warm dissolved ammonia gas has a relatively 
high partial vapor pressure, it tends to evaporate very 
quickly into any air above the bath. Continual or continuous 
adjustment of pH and other liquid properties is done with a 
multiple chemistry flow capability by which chemical con 
Stituents of a reactant Solution are contained in a plurality of 
reactant liquid Sources, and the flow rate from one or a 
plurality of liquid Sources into the fluid gap is dynamically 
variable. 

0093. In another aspect, a post-treatment anneal of a 
Substrate wafer is conducted in an apparatus in accordance 
with the invention, either at low temperature up to about 
400 C., or up to about 1000 C. using a very rapid thermal 
process (RTP) heater. 
0094. In another aspect, the chemical composition of a 
plating Solution is varied during plating operations So that 
the chemical composition of the deposited metal layer varies 
Spatially within the layer. Such a structure may alternatively 
be viewed as a multilayer Structure. For example, phosphor, 
tungsten, or boron are known to improve the barrier prop 
erties of cobalt. In accordance with certain aspects of the 
invention, a particular cobalt alloy is deposited at the bottom 
of a capping layer, a different cobalt alloy is formed for the 
bulk of the capping layer, and a third cobalt alloy provides 
the top of a capping layer. 

0095) A process flow diagram for a microcell apparatus 
920 Suitable for unstable reaction mixtures is depicted in 
FIG. 14. A liquid reaction mixture is formed by mixing 
liquid Streams from two separate liquid Sources. A first liquid 
Source 924 contains components of the reaction mixture that 
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are inherently Stable at an elevated temperature. For 
example, in the case of an electroleSS plating Solution, liquid 
Source 924 contains metal ions, buffers, complexing agents, 
Surfactants, etc. A Second liquid Source 926 contains 
unstable or destabilizing components of the reaction mixture 
that cause the bath to react and potentially to decompose 
prematurely. For example, in the case of electroless plating, 
Second liquid Source contains reducing agents. A contain 
ment vessel 928 encloses treating head 922 and wafer chuck 
930 supporting a wafer substrate 932. In a closed position, 
treating head 922 forms a thin fluid gap 934 with substrate 
932. In some embodiments, the material in liquid source 924 
is heated by a heater 935 to a temperature slightly higher 
than the desired operating temperature in microcell thin film 
layer 936 located in fluid gap 934. The higher temperature 
value in liquid source 924 is controlled such that when liquid 
from Source 924 is mixed with an appropriate amount of 
cooler liquid (e.g., reducing agents) from liquid Source 926, 
the temperature of the reaction mixture after mixing is 
Substantially the same as the desired temperature in thin 
liquid layer 936 (which is typically the same as the tem 
perature of treating head 922). In process 920, a first liquid 
stream is pumped from first liquid source 924 in first source 
tube 938 by pump 940 through filter 942 for continuous 
filtration, and then through a flow meter/controller 944 into 
three-way recirculation valve 946. Recirculation vale 946 is 
dynamically controllable So that all or a portion of first liquid 
stream 938 is diverted into recirculation stream in recircu 
lation tube 948. Undiverted first liquid stream 950 continues 
towards microcell fluid gap 934. Downstream from three 
way valve 946, a tee 952 into line 950 allows the introduc 
tion of either DI water or pressured gas (e.g., N) for forcing 
the removal of fluid from microcell gap 934. Further down 
Stream, a tee 954 allows injection of a Second liquid Stream 
in second source tube 956 from second liquid source 926 
into mixture line 958. For example, in electroless plating, 
second liquid stream 956 comprises a relatively small vol 
ume of concentrated reducing agents. Methods of introduc 
ing preSSurized reducing agent through tee 954 into mixture 
line 958 include the use of a gear or syringe pump 960. By 
controlling the concentrations in liquid sources 924,926 and 
the flow rates in liquid streams 950, 956, the concentrations 
of bath components in mixture line 958 are accurately 
controlled. In Some cases, it is useful to introduce an inline 
mixing chamber downstream of tee 954 to properly mix the 
reaction mixture upstream of microcell inlet tube 962. 
0096. In still another aspect, modules comprising micro 
cell (thin liquid layer) devices in accordance with the 
invention are Stacked Substantially vertically. This enables 
higher throughput of Substrates per unit Surface area of 
manufacturing floor Space. Since many pre-treating, rinsing, 
and post-treating operations are performed in a single micro 
cell in accordance with the invention, utilization of produc 
tion Space improves. 
0097 Although embodiments in accordance with the 
invention are described herein mainly with respect to elec 
troless plating techniques, it is clear that an apparatus and a 
method in accordance with the invention-are useful for 
many types of Wet Substrate treatments. Various Substrate 
treatments include liquid chemical reactions as well as 
non-reactive treatments (e.g., pretreatment cleaning and 
rinsing). In an important aspect of the invention, a plurality 
of Substrate treatments of a Substrate are conducted Sequen 
tially in one module or Supercell. An example of a liquid 
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chemical reaction treatment is the uniform etching of a 
Substrate Surface. Another example is the Stripping of an 
oxide from a Substrate Surface. For example, a protective 
oxide layer or an oxide layer that simply formed in an 
oxidizing environment is Stripped off before electroless 
plating operations begin. In another aspect, metal particles 
and other contaminants are cleaned from a treating head, 
containment chamber walls, and other Surfaces prior to 
liquid chemical reaction treatment. 
0098 Electroless plating is an autocatalytic plating tech 
nique, the proceSS physics enabling Selective deposition of a 
metallic coating by a controlled chemical reduction that is 
catalyzed on metal or alloy being deposited. Electroless 
plating depends on the action of a chemical reducing agent 
in Solution to reduce metallic ions to the metal. Unlike a 
homogeneous chemical reduction, the plating reaction takes 
place only on “catalytic' Surfaces rather than throughout the 
plating Solution. The proceSS occurs by the Simultaneous 
reduction of metal and the Oxidation of a “reducing agent' 
on the metal Surface. These two processes do not have to 
occur at exactly the same place on the metal Surface, but 
there must be an electrical path between the location of the 
reducing agent's oxidation (generating excess electrons) and 
the location of metal deposition (combining the generated 
electrons with metal ions). Electroless plating has been used 
for depositing a large number of materials, including Cu, Ni, 
Co, Fe, Pd, Pt, Ru, Rh, Au, Ag, Sn, Pb, as well as alloys 
containing these metals, plus Mn, Mg, W., P and/or B. 
Various metals are deposited electrolessly onto an electronic 
component, including, for example, copper, nickel, cobalt, 
gold, Silver, palladium, platinum, rhodium, cobalt, tungsten 
phosphorous, and combinations thereof. ElectroleSS poly 
merization is performed by an analogous electroleSS proceSS 
for Some conductive polymers (e.g., polyanaline). Typical 
chemical reducing agents include ammonium hypophos 
phite ((NH4)HPO), formaldehyde (CHO), hydrazine, 
borohydride, dimethylamine borane-(DMAB), glyoxylic 
acid, redox-pairs (e.g., Fe(II)/Fe(III)) and derivatives of 
these. A chemical reducing agent in plating Solution is a 
Source of electrons for the reduction of a metal ion to a 
deposited metal atom on the Surface: 

Mine=M 

0099 where M" represents a reducible metalion in the 
Solvent (typically water). Complexing agents (e.g., acetate, 
Succinate, malate, malonate, citrate, etc.) are often used in 
plating Solutions to enhance Solubility at pH values where 
the metal ion would otherwise be insoluble. Complexation 
of the metal is also useful for shifting the potential of 
deposition to obtain desirable conditions for deposition. 
0100. In some cases, a particularly strong and catalyti 
cally-active reducing agent is important at the beginning of 
an electroless plating process in order to initiate plating of 
the metal onto the Substrate Surface. This is even more 
important in cases where the initiation of the plating process 
is on a foreign metal Surface (e.g., initiation of cobalt 
electroless deposition onto a copper Surface). 
0101 Accordingly, preferred embodiments in accordance 
with the invention involving electroleSS plating on a foreign 
Substrate (e.g., cobalt on copper) typically comprise a two 
phase process including a nucleation phase and a growth 
phase. In the nucleation phase, a desired depositing metal 
(e.g., cobalt) is caused to deposit on a foreign metal Substrate 
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Surface (e.g., copper). Afterwards, in the growth phase, the 
desired metal (e.g., cobalt) grows on a film of Similar metal 
(e.g., cobalt). Typically, optimum or idealized process con 
ditions for the nucleation phase are different from those of 
the growth phase. For example, for electroleSS plating of 
cobalt on copper, the optimal Set of conditions for the 
nucleation reaction to occur is very different from that of the 
growth reaction. Nucleation of cobalt onto a copper Sub 
Strate involves the generation of exceSS reduced cobalt-metal 
atoms at the copper Surface at a Sufficient concentration for 
formation of a nucleation layer of cobalt. To create this 
concentration of Surface cobalt atoms, a reducing agent of 
Sufficient Strength (i.e., an agent having Suitable free-energy 
driving-force and kinetics) to reduce Sufficient metal ions at 
a Sufficiently rapid rate is required. One example of Such a 
reducing agent is mopholine borane. Because the process of 
cobalt-ion reduction is likely Stepwise, the creation of par 
tially-reduced Surface-absorbed metal ions presents a prob 
lem. The partially-reduced ions can diffuse away into the 
electrolyte and not aid in the nucleation process. To mini 
mize this possibility, initiation of the electroless plating 
operation during a nucleation phase is typically performed 
under Stagnant conditions. If the wafer were spinning 
quickly, rapid vigorous fluid flow would prevent the par 
tially-reduced cobalt ions from accumulating, and nucle 
ation would slow or not occur. On the other hand, once 
nucleation has occurred, the kinetics of the reducing-agent 
oxidation and cobalt reduction are quite different. It is 
believed that cobalt grows on copper in a more rapid, 
Virtually single-step reduction reaction, and fluid convection 
caused by a high rotational Speed enhances mass transfer 
and deposition rates. Furthermore, the kinetics of the reduc 
ing agent (e.g., morpholine borane) are Substantially slower 
on the cobalt Surface than on copper. Therefore, during the 
cobalt growth phase, a different set of chemical (composi 
tion and concentration of reducing agents) and physical 
(e.g., temperature, rotation rate) conditions are desirable. 
0102) Thus, in one aspect of the invention, a method for 
electroleSS plating of a cobalt alloy on copper comprises two 
distinct proceSS phases, nucleation and growth, which are 
conducted Separately under different proceSS conditions, 
usually with different proceSS chemistry. Typically, a third 
phase, activation, precedes nucleation. 

0103) The term “activation', as used broadly herein, 
means pretreatment to facilitate nucleation. For example, 
copper typically has a contaminant on it, or a natural oxide, 
or Some chemical that was left there intentionally, Such as 
benzotrizol, which is a copper corrosion inhibitor. A com 
mon technique of Stripping Such materials before nucleation 
is to expose the Surface to a reducing agent, Such as 
dimethylamine borane (DMAB), or to a dilute acid, such as 
Sulfuric acid. Activation includes one or a plurality of 
operations, depending on the particular pre-conditions and 
the particular Substrate. In a narrow Sense, the term “acti 
Vation” designates a process that makes a Surface chemically 
active for nucleation chemistry. The term “pretreatment” 
refers generally to processes that prepare a Substrate Surface 
for chemical reaction treatment using a thin liquid layer in 
accordance with the invention. Some pretreatment processes 
are conducted using thin-liquid-layer techniques in accor 
dance with the invention, while others, for example, Spray 
ing, do not use a thin liquid layer. An activation proceSS 
preceding nucleation is an example of a pretreatment. 
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0104. An example of an activation process is removal of 
a Surface contaminant, a natural oxide, or BTA to activate 
the Surface. A typical activation Sequence comprises pre 
wetting the treatment Surface, and then adding a dilute, 1% 
to 5% sulphuric solution onto the surface. A dilute acid 
Solution reduces the oxide and also tends to corrode it 
Slightly. In addition or alternatively, activation is conducted 
using a reducing agent, Such as DMAB. Other exemplary 
activating reducing agents are the hypophosphite and gly 
oxylate ions. Activation is conducted using a thin liquid 
layer in accordance with one aspect of the invention. Alter 
natively, activation is conducted using a spray technique or 
a conventional bath. 

0105 The next phase is nucleation. An exemplary liquid 
mixture for conducting nucleation of cobalt onto copper 
comprises: 0.03 mol/l CoCl2.6H2O, 0.06 mol/l citric acid, 
0.015 mol/l DMAB. At 60° C. and pH 8.5, the nucleation 
time is as short as about 2 seconds to 3 seconds. Preferably, 
nucleation is conducted under quiescent conditions, that is, 
with minimal or no fluid convection. This is achieved in 
accordance with the invention by flowing the liquid nucle 
ation mixture into a thin fluid gap to fill the gap, and then 
decreasing or stopping the flow of Solution into the gap. 
0106 An exemplary liquid mixture for conducting the 
growth phase of electroleSS plating of cobalt onto copper 
comprises: 0.03 mol/l CoCl2.6H2O, 0.06 mol/l citric acid, 
0.015 mol/l DMAB, 0.03 mol/l ammonium hypophosphite. 
Addition of hypophosphite ion enhances the Subsequent 
growth rate. Ammonium ion improves the Stability of the 
plating Solution, slowing the process and preventing homo 
geneous reaction. Temperature is typically in a range of from 
45° C. to 70° C., preferably about 60° C. The pH is 
maintained in a range of from 8 to 10, preferably about 9.75. 
0107 The relative amounts of cobalt, boron, and phos 
phorus in the deposited cobalt alloy is varied by varying the 
relative concentrations of CoCl2.6HO, DMAB, and ammo 
nium hypophosphite in the plating-reaction growth-phase 
Solution. 

0108. In one aspect, the process operations of the nucle 
ation and growth phases are conducted Separately in accor 
dance with the invention. Preferably, the substantially dis 
tinct nucleation and growth phases are conducted in a fluid 
gap of a microcell device that forms thin liquid layers in 
accordance with the invention. Nevertheless, it is clear that 
nucleation-phase processes can be conducted Separately 
from growth-phase processes in accordance with the inven 
tion using conventional techniques, Such as immersion bath 
and Spraying techniques. 

0109) An advantage of using a microcell or Supercell 
apparatus in accordance with the invention is that the 
process conditions are closely controlled and dynamically 
variable. Similarly, the composition of the liquid plating 
Solution is dynamically variable. Another advantage is that 
many or all of the pretreatment, rinsing, drying and other 
process operations are conducted in a Supercell in accor 
dance with the invention. 

EXAMPLE 1. 

0110. A microcell apparatus and a method using a thin 
liquid layer in accordance with the invention were utilized to 
deposit Selectively a cobalt-capping layer on top of copper 
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lines, resulting in improved electromigration performance of 
an integrated circuit. Preparation and processing of the 
integrated circuit waferS was conducted using four major 
categories of processes: 1) copper recess and precleaning; 2) 
cobalt electroless plating; 3) post-cleaning; and 4) rinsing 
and drying. 
0111 Each wafer was transported to a wafer chuck of a 
microcell apparatus after CMP copper planarization and 
barrier (e.g., Ta, TaN) removal, which yielded a Surface 
having a large number of electrically isolated, exposed 
copper features, Such as lines, Vias, and pads. The wafer (200 
mm diameter) was first wetted with DI water by spraying the 
water onto the treatment Surface while the treating head was 
in an open, up position away from the Surface. Next, the 
treating head having a Substantially flat horizontal treatment 
Surface was lowered to form a thin fluid gap having a width 
(in the vertical dimension) of about 1.5 mm between the 
head Surface and wafer treatment Surface. The wafer was 
rotated at about 25 rpm, and an etchant was introduced into 
the thin fluid gap at a rate of about 1 liter per minute until 
the fluid gap was completely filled (about 10 Seconds). 
Alternatively, the etchant could have been Sprayed onto the 
Surface in a continuous fashion at a flow rate of about 1 liter 
per minute with the wafer rotating at 250 rpm (this alterna 
tive uses more chemical). We have found that it was desir 
able to receSS the exposed copper Structures on each of the 
wafers approximately 100 A to 300A below the plane of the 
dielectric to improve the overall performance of the result 
ing circuit Structures. It is believed that by performing this 
controlled recess: 1) damaged Surface copper left over from 
the CMP process was removed, thereby improving the 
activity of the copper for nucleation of cobalt onto the 
Surface; and 2) by plating into a recessed structure, lateral 
growth of the capping layer was prevented (by the confine 
ment of the trench wall), thereby reducing or eliminating the 
encroachment of adjacent conductive lines. Generally, the 
copper was recessed with an ambient-temperature reactive 
etching mixture of hydrogen peroxide (from 1% to 5%) and 
glycine (from 0.2% to 2%). The pH of the solution was 
changed to a slightly alkaline pH (about 8 to 10) by the 
addition of an alkaline agent, Such as tetramethylammonium 
hydroxide (TMAH), for optimum rate control and reproduc 
ibility. This mixture resulted in a conformal recessing pro 
cess (i.e., relatively flat etch profile) and a slow, controllable 
etching rate (50 A/min to 300 A/min), independent of the 
Size of the feature. Target amount of metal receSS was in a 
range of about 100 A to 300 A. After the desired amount of 
time (etched thickness), the etchant was removed from the 
fluid gap area by flushing the inlet line and fluid gap with DI 
Water. 

0112 Generally, after these etching and rinsing opera 
tions, the wafer was megaSonically cleaned with a dilute 
Solution containing a copper complexing agent (e.g., citric 
acid, EDTA). A slow rotation rate (10 rpm to 25 rpm) 
combined with about 125 Watts of megaSonic energy at 
about 0.85 MHz was found to be suitable. This cleaning 
helped to remove spurious particles and extract copper (and 
other) metal ions that might have been ion-exchanged with 
the Surface dielectric layers during the formation of metal 
ions in the etching Step. After this clean, the wafer was again 
rinsed and was ready for Selective electroless cobalt plating. 
0113. The selective electroless cobalt plating is described 
here with reference to FIG. 14. About 3 liters of cobalt 
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plating Solution Stored in a heated tank 924 was continu 
ously circulated and filtered 942 at 1 liter per minute. 
Generally, the plating Solution contained a mixture of 30 g/L 
COCl*6H2O, 54 g/L NHCl, 57 g/l citric acid monohy 
drate, and about 625 g/L of 25%/w TMAH. The solution was 
heated to 72 C., and the solution pH was 9.75 at that 
temperature. An in-line flow meter 944 measured flow rate 
upstream from a three-way valve 946 that was used either to 
direct plating solution back (recirculation stream 948) to 
heated Storage tank 924, or to direct the plating Solution 
(undiverted stream 950) to microcell reactor head 922. To 
feed the plating Solution to the microcells thin fluid gap 
934, three-way valve 946 was opened and fluid passed into 
line 950 at 1 liter/minute past a tee 952 used for other 
purposes (e.g., later flushing of chemicals). A tee 954 served 
as an injection point for the introduction of reducing agent 
from a Second liquid Source 926. The reducing agent Solu 
tion (80 g/L DMAB, 15 g/L ammonium hypophosphite, and 
25 ml/L 25%/w TMAH) was introduced into line 958 at a 
rate of 85 ml/min at the same time as the reactant from the 
heated storage tank. Downstream of tee 954, inline mixer 
960 provided mixing of the two liquid solutions to form a 
reaction mixture in inlet line 962. 

0.114) To insure complete gap filling, the wafer was 
rotated at 75 rpm while the liquid reaction mixture was 
injected for about 7 seconds (200 mm wafer, 1.5 mm gap). 
Treating head 922 (containing imbedded flow lines and 
fittings to incoming fluid lines) was made of titanium, had a 
circular diameter of approximately 200 mm, and had a 
Vertical thickness of approximately 1 inch. This head was 
attached to a thermal mass and temperature control block 
(made of highly conductive aluminum) using thermal con 
tact paste. The block was about 65 mm thick and 220 mm in 
diameter. An electric heating coil was attached to the top of 
this heater block. A thermocouple temperature probe was 
embedded in titanium treating head 922 and was used with 
a feedback controller to maintain the head temperature at 
70° C. The treating head comprised a showerhead-type 
outlet for flowing liquid into the thin fluid gap. The outlet 
comprised about 50 outlet holes arranged in a 2-inch diam 
eter circle, each of the holes having a diameter of about 0.8 
mm. The lower head surface of titanium treating head 922 
adjacent to fluid gap 934 was coated with a PTFE film (spray 
coated, about 0.1 mm thick). 
0.115. After the liquid reaction mixture filled the fluid gap 
without any entrapped bubbles, the liquid flow into the fluid 
gap and the rotation of the wafer were completely stopped 
(i.e., no flow, 0 rpm) for a period of 20 Seconds. During this 
time, the Solution was quiescent, a desirable condition for 
nucleation during initiation of the plating proceSS at the 
copper Surface. After this nucleation period, the wafer was 
generally rotated at a very slow rate (2 rpm to 10 rpm) until 
completion of the plating growth phase (to the desired 
thickness). This slow rotation rate was found to improve 
aZmuthal uniformity of the plating process. The film growth 
rate during the growth phase was approximately 250 A/min 
(actual value depended strongly on exact pH and tempera 
ture). 
0116. At the end of plating, DI water was injected into tee 
952. The preliminary rinsing of the wafer and head was 
accomplished by rotating the wafer at 150 rpm with a DI 
flow rate of 1 liter/m for about one minute. 
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0117 The post-plating cleaning processes involved the 
injection of a treatment chemistry Suitable for removing 
Spurious cobalt particles from the Surface and metal ions 
from the dielectric (ion exchange removal). The Solution 
combined a buffered pH and Strong complexing agents with 
a weak etching character. A Suitable Solution for cobalt-cap 
layer treatment was a 10-1 dilution of the proprietary 
cleaning solution ESC-784 (ESC Incorporated, Bethlehem, 
Pa.). This solution was combined with a simultaneous 
megasonic treatment (125 W, 0.85 MHz, 12 RPM, 1 liter/ 
min flow, 1 minute treatment), and was followed by a DI 
rinse of the liquid tubing lines, treating head, fluid gap, and 
wafer (150 rpm, 1 1/min). The rinse water was ejected from 
the gap by introducing pressurized nitrogen (flow rate 700 
cc/min STP) into the gap and increasing the rotation rate to 
about 300 rpm. With the wafer still rotating, the head was 
lifted away from the wafer and DI rinse water was sprayed 
onto the wafer's Surfaces. The treating head was then tilted 
to allow excess water to drain from it, and the treating head 
was allowed to dry. 
0118 TEM imaging of the wafers showed that the film 
thickness of the cobalt film on top of the copper was 
generally about 300 A, and was confined within the trenches 
in the dielectric material of the wafer. Cobalt films of 100 A 
thickneSS were also deposited on copper. The cobalt films 
were conformal, covering the copper lines. SEM was con 
ducted of a copper damascence comb test, patterned and 
capped with cobalt. Results of SEM showed that the under 
lying copper lines were completely and Selectively coated 
with cobalt, without spurious material created between the 
lines. 

0119) Various performance data show good electronic 
properties on integrated circuit waferS fabricated in accor 
dance with the invention. A line leakage comparison for 
conductive copper lines capped with cobalt showed no 
Significant difference in the performance of the recessed and 
capped features compared to the controls. In contrast, non 
recessed features showed considerably higher leakage cur 
rents, presumably because of the average closer distance 
between the edge of the cobalt-capped areas and the edge of 
the lines (encroachment). FIG. 15 shows the results of 
electromigration (EM) tests comparing EM lifetime of Co 
capped Cu with the EM lifetime in baseline wafers having 
Cu lines without Co-capping. Control baseline waferS did 
not have a Co-capping layer, but were otherwise processed 
in the same manner as the cobalt-processed wafers. The 
average EM lifetime of control wafers is about 50 hours. In 
contrast, wafers plated electrolessly with Co in accordance 
with the invention showed significant improvement of EM 
lifetime (at least 10x increase). In the case of wafers having 
Co-capping of 100 A thickness, there was no failure during 
500 hours of the EM test time. There was one failure out of 
16 samples that had 300 A thick Co-capping. These results 
show that electroleSS capping with cobalt in accordance with 
the invention is very effective in improving EM lifetime of 
narrow Cu-interconnects. 

0120) The particular systems, designs, methods and com 
positions described herein are intended to illustrate the 
functionality and versatility of the invention, but should not 
be construed to be limited to those particular embodiments. 
Systems and methods in accordance with the invention are 
useful in a wide variety of circumstances and applications to 
conduct a liquid chemical reaction treatment and other 
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liquid-phase treatments performed on an integrated circuit 
substrate. It is evident that those skilled in the art may now 
make numerous uses and modifications of the Specific 
embodiments described, without departing from the inven 
tive concepts. It is also evident that the Steps recited may, in 
Some instances, be performed in a different order; or equiva 
lent Structures and processes may be Substituted for the 
Structures and processes described. Since certain changes 
may be made in the above Systems and methods without 
departing from the Scope of the invention, it is intended that 
all Subject matter contained in the above description or 
shown in the accompanying drawings be interpreted as 
illustrative and not in a limiting Sense. Consequently, the 
invention is to be construed as embracing each and every 
novel feature and novel combination of features present in or 
inherently possessed by the Systems, methods and compo 
Sitions described in the claims below and by their equiva 
lents. 

1. An apparatus for thin-liquid-layer treatment of a Surface 
of an integrated circuit Substrate, comprising: 

a Substrate holder; 
a treating head proximate to the Substrate holder, the 

treating head including a head Surface that forms a thin 
fluid gap between the head Surface and a Substrate 
treatment Surface when a Substrate is present in the 
Substrate holder; and 

a liquid inlet tube for flowing liquid into a thin fluid gap. 
2. An apparatus as in claim 1 wherein the thin-liquid-layer 

treatment comprises a treatment Selected from a group 
consisting of a chemical liquid reaction treatment and a 
cleaning treatment. 

3. An apparatus as in claim 1 wherein the thin-liquid-layer 
treatment comprises a chemical liquid reaction treatment 
Selected from a group consisting of electroless metal plating, 
etching, electrolytic plating, electrolytic etching, metal-OX 
ide deposition, and liquid dielectric deposition. 

4. An apparatus as in claim 1 wherein the treating head 
comprises a peripheral edge corresponding Substantially in 
shape to an outer edge of an integrated circuit wafer, and 
wherein the peripheral edge forms a peripheral slit with the 
outer edge of the integrated circuit wafer when the wafer is 
in the Substrate holder. 

5. An apparatus as in claim 4 wherein the peripheral slit 
comprises a width in a range of about from 0.0 mm to 0.5 

. 

6. An apparatus as in claim 1 wherein a thin fluid gap 
comprises a width Substantially in a range of about from 0.1 
mm to 4 mm. 

7. An apparatus as in claim 1 wherein a thin fluid gap 
comprises a Volume in a range of about from 30 microliters 
per cm to 300 microliters per cm of substrate treatment 
Surface. 

8. An apparatus as in claim 1 wherein the Substrate holder 
further comprises a plurality of Support pins for Supporting 
a Substrate in the Substrate holder. 

9. An apparatus as in claim 1, further comprising a rotary 
head shaft connected to the treating head for rotating the 
treating head. 

10. An apparatus as in claim 1 wherein the fluid gap is 
dynamically variable. 

11. An apparatus as in claim 1, further comprising a head 
heater for heating the treating head. 
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12. An apparatus as in claim 1, further comprising a 
multizone head heater. 

13. An apparatus as in claim 1 wherein the liquid inlet 
tube is integral with the treating head. 

14. An apparatus as in claim 1, further comprising: 
a manifold cavity disposed in the treating head; 
a manifold inlet for providing fluidic communication 
between a liquid Source and the manifold cavity; and 

a plurality of liquid inlet tubes integral with the treating 
head for flowing liquid from the manifold cavity into a 
fluid gap when a Substrate is present in the Substrate 
holder. 

15. An apparatus as in claim 14, further comprising a 
manifold recirculation tube between the manifold cavity and 
the liquid Source. 

16. An apparatus as in claim 14, further comprising a 
bubble removal tube in fluidic communication with the 
manifold cavity. 

17. An apparatus as in claim 1, further comprising: 
a treating liquid Source; 

a containment chamber containing the Substrate holder 
and having an outlet drain; and 

a recycling tube between the outlet drain and the treating 
liquid Source. 

18. An apparatus as in claim 1, further comprising: 
a containment chamber containing the Substrate holder; 

and 

a liquid diversion System wherein the liquid diversion 
System includes a collection trough, and the collection 
trough is disposed in a containment chamber Substan 
tially radially outwards from the substrate holder. 

19. An apparatus as in claim 1, further comprising a 
Substrate heater integral with the Substrate holder for heating 
a Substrate from the backside of the Substrate. 

20. An apparatus as in claim 1 wherein the Substrate 
holder is a differential pressure chuck comprising an annular 
collar disposed in the containment vessel, the annular collar 
including an inside collar edge, the inside collar edge 
forming a narrow flow passage between the inside collar 
edge and the outer edge of a Substrate wafer when a wafer 
is present in the wafer holder. 

21. An apparatus as in claim 20 wherein the narrow 
passage has a width in a range of about from 0.2 mm to 7 

. 

22. An apparatus as in claim 1, further comprising a liquid 
heater for heating liquid from a treating liquid Source, the 
liquid heater being disposed upstream from the liquid inlet 
tube. 

23. An apparatus as in claim 22, further comprising: 
a liquid Source tube from a treating liquid Source; 
a recirculation tube for recirculating treating liquid from 

a liquid Source tube back to the treating liquid Source; 
and 

a liquid cooler for cooling recirculating treating liquid. 
24. An apparatus as in claim 1, further comprising a 

plurality of gas injection ports proximate to the wafer holder 
for injecting inert gas proximate to a wafer edge when a 
Substrate wafer is present in the Substrate holder. 
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25. An apparatus as in claim 1, further comprising: 
a plurality of treating liquid Sources including a first 

treating liquid Source and a Second treating liquid 
Source; and 

a liquid mixer, the mixer being located proximate to the 
treating head, for mixing a first treating liquid from the 
first treating liquid Source and a Second treating liquid 
from the Second treating liquid Source. 

26. An apparatus as in claim 23 wherein a first liquid 
Source comprises an activation liquid Source, and a Second 
liquid Source comprises a plating Solution Source. 

27. An apparatus as in claim 1, further comprising a head 
array, the head array including a plurality of treating heads. 

28. An apparatus as in claim 1 wherein the head Surface 
has a shape that is Substantially flat. 

29. An apparatus as in claim 1, further comprising a 
magnetic Source located in the treating head for creating a 
magnetic field in a thin fluid gap to clean a liquid in the gap. 

30. An apparatus as in claim 1 further comprising: 
a magnetic Source for creating a magnetic field in a thin 

fluid gap; and 
a magnetic Sensor for detecting an amount of metal 

present on a Substrate present in the Substrate holder. 
31. An apparatus as in claim 1 wherein Said treating head 

comprises a megaSonic cleaning head. 
32. An apparatus as in claim 1, further comprising a gas 

inlet tube for injecting wafer release gas into a Space Selected 
from a group consisting of a manifold cavity and a thin fluid 
gap. 

33. An apparatus as in claim 1 wherein the liquid inlet 
tube is Suitable for injecting wafer release gas into a thin 
fluid gap. 

34. An apparatus as in claim 1, further comprising a gas 
release tube in fluidic communication with the liquid inlet 
tube to release gas located in a thin fluid gap. 

35. An apparatus as in claim 1, further comprising: 
a light Source, and 
an optical Sensor for measuring an optical property related 

to an amount of material deposited on a Substrate 
treatment Surface. 

36. An apparatus as in claim-35 wherein Said optical 
property is Selected from a group consisting of optical 
reflectivity, optical transmittance, and optical spectrum. 

37. A method of liquid treatment of a surface of an 
integrated circuit Substrate, comprising: 

placing an integrated circuit Substrate having a treatment 
Surface in a Substrate holder; 

disposing a treating head having a head Surface proximate 
to the treatment Surface, the head Surface and the 
treatment Surface thereby defining a thin fluid gap; and 

flowing liquid into the thin fluid gap to form a thin liquid 
layer. 

38. A method as in claim 37 wherein flowing liquid into 
the thin fluid gap comprises dynamically varying a property 
of the liquid. 

39. A method as in claim 37 wherein disposing the 
treating head proximate to the treatment Surface comprises 
forming a peripheral Slit between a peripheral edge of the 
treating head and an outer edge of the Substrate. 
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40. A method as in claim 39 wherein forming a peripheral 
Slit comprises forming a slit having a width in a range of 
about from 0.0 mm to 0.5 mm. 

41. A method as in claim 39, further comprising dynami 
cally varying the peripheral slit. 

42. A method as in claim 37 wherein disposing the 
treating head proximate to the treatment Surface comprises 
defining a thin fluid gap having a volume in a range of about 
from 30 microliters per cm to 300 microliters per cm’ of 
Substrate treatment Surface. 

43. A method as in claim 42, further comprising dynami 
cally varying the Volume of the thin fluid gap. 

44. A method as in claim 37 wherein the liquid treatment 
comprises a treatment Selected from a group consisting of: 
electroleSS metal plating, electroless chemical etching, elec 
trolytic plating, electrolytic etching, metal-oxide deposition, 
and liquid dielectric deposition. 

45. A method as in claim 37, further comprising rotating 
the Substrate. 

46. A method as in claim 45, further comprising dynami 
cally varying a rotational Speed of the Substrate. 

47. A method as in claim 37, further comprising rotating 
the treating head. 

48. A method as in claim 47, further comprising dynami 
cally varying a rotational Speed of the treating head. 

49. A method as in claim 37, further comprising heating 
the treating head. 

50. A method as in claim 49, further comprising dynami 
cally varying the heating of the treating head. 

51. A method as in claim 49 wherein heating the treating 
head comprises creating a nonuniform temperature profile in 
the treating head. 

52. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises: 

flowing liquid into the fluid gap during a first period of 
time, and then Substantially ceasing flowing liquid into 
the fluid gap during a Second period of time. 

53. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises flowing liquid into the fluid gap at 
a flowrate in a range of about from 0 ml/min. to 2000 
ml/min. 

54. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises dynamically varying a flow rate of 
liquid into the fluid gap. 

55. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises dynamically varying a composition 
of the liquid. 

56. A method as in claim 37, further comprising: 
flowing a first treating liquid into a mixer, 
flowing a Second treating liquid into the mixer to form a 
mixed liquid with the first treating liquid; and 

then flowing the mixed liquid into the fluid gap. 
57. A method as in claim 56, further comprising: 
varying a property of the mixed liquid upstream of the 

fluid gap to form a Second mixed liquid; and 
then flowing the Second mixed liquid into the fluid gap. 
58. A method as in claim 37 wherein flowing liquid into 

the fluid gap comprises flowing liquid through a shower 
head-type manifold. 

59. A method as in claim 37, further comprising recycling 
liquid from a containment space to a treating liquid Source. 
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60. A method as in claim 37, further comprising diverting 
treatment liquid from a containment Space using a liquid 
diversion System. 

61. A method as in claim 60 wherein diverting treatment 
liquid comprises collecting liquid in a collection trough 
disposed Substantially radially outwards from the Substrate. 

62. A method as in claim 37, further comprising recircu 
lating a portion of liquid to a liquid Source instead of flowing 
the portion of liquid into the fluid gap. 

63. A method as in claim 37, further comprising heating 
the liquid before flowing the liquid into the fluid gap. 

64. A method as in claim 37, further comprising: 
heating treatment liquid upstream of the fluid gap, 
diverting a recirculation-portion of the treatment liquid 

instead of flowing the recirculation-portion into the 
fluid gap; 

cooling the recirculation-portion of treatment liquid; and 
then flowing the recirculation-portion of treatment liquid 

to a treatment liquid Source. 
65. A method as in claim 37 wherein flowing liquid into 

the fluid gap comprises flowing a pre-wetting liquid into the 
thin fluid gap. 

66. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises flowing a rinsing liquid into the thin 
fluid gap. 

67. A method as in claim 37, further comprising injecting 
wafer release gas into the thin fluid gap. 

68. A method as in claim 67 wherein injecting wafer 
release gas comprises injecting gas through a tube Selected 
from a group consisting of a liquid inlet tube and a gas inlet 
tube. 

69. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises flowing liquid from a liquid Source 
into a manifold cavity located in the treating head. 

70. A method as in claim 37, further comprising diverting 
a recirculation-portion of liquid from the manifold cavity 
back to the liquid Source. 

71. A method as in claim 37, further comprising heating 
the Substrate from the backside of the Substrate. 

72. A method as in claim 71, further comprising dynami 
cally varying the heating. 

73. A method as in claim 37, further comprising creating 
a preSSure differential between an upper containment cham 
ber above the Substrate and a lower containment chamber 
below the Substrate, wherein the preSSure in the upper 
containment chamber is greater than in the lower contain 
ment chamber. 

74. A method as in claim 73 wherein creating a pressure 
differential comprises drawing a partial vacuum in the lower 
containment chamber, thereby drawing gas from the upper 
containment chamber around the outer edge of the Substrate 
through a narrow passage between the inside collar edge of 
an annular collar and the Outer edge of the Substrate. 

75. A method as in claim 74 wherein the narrow passage 
has a width in a range of about from 1 mm to 7 mm. 

76. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises flowing an electroleSS plating Solu 
tion into the fluid gap. 

77. A method as in claim 76 wherein flowing an electro 
less plating Solution into the fluid gap comprises: 
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flowing a nucleation Solution into the fluid gap; and 
then flowing a growth Solution into the fluid gap. 
78. A method as in claim 77, further comprising flowing 

an activator Solution into the fluid gap before flowing the 
nucleation Solution. 

79. A method as in claim 37 wherein flowing liquid into 
the fluid gap comprises flowing an etching Solution. 

80. A method of depositing a foreign-metal layer onto a 
base-metal material on a treatment Surface of an integrated 
circuit Substrate using a thin liquid layer, comprising: 

treating the treatment Surface with a nucleation-phase 
reactant liquid containing foreign-metal atoms under 
nucleation-phase reaction conditions, and 

thereafter treating the treatment Surface by forming a thin 
liquid layer of a growth-phase reactant liquid contain 
ing foreign-metal atoms under growth-phase reaction 
conditions, the nucleation-phase liquid chemical reac 
tion conditions being different from the growth-phase 
liquid chemical reaction conditions. 

81. A method as in claim 80 wherein treating the treatment 
Surface with a nucleation-phase reactant liquid comprises a 
proceSS Selected from the group consisting of: forming a thin 
liquid layer of the nucleation-phase reacting liquid on the 
treatment Surface, and Spraying the treatment Surface with 
nucleation-phase reactant liquid. 

82. A method as in claim 80, further comprising activating 
the base-metal material using an activator liquid prior to 
treating with the nucleation reactant liquid. 

83. A method as in claim 82 wherein activating the 
base-metal material comprises forming a thin liquid layer of 
activator liquid on the treatment Surface. 
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84. A method as in claim 83 wherein activating the 
base-metal material comprises forming a thin liquid layer 
comprising DMAB. 

85. A method as in claim 80 wherein the foreign-metal 
atoms comprise cobalt. 

86. A method as in claim 80 wherein the base-metal 
material comprises Substantially copper. 

87. A method of depositing a foreign-metal layer onto a 
base-metal material on a treatment Surface of an integrated 
circuit Substrate, comprising: 

treating the treatment Surface with a nucleation-phase 
reactant liquid containing foreign-metal atoms under 
nucleation-phase reaction conditions, and 

thereafter treating the treatment Surface with a growth 
phase reactant liquid containing foreign-metal atoms 
under growth-phase reaction conditions, the nucle 
ation-phase liquid chemical reaction conditions being 
different from the growth-phase liquid chemical reac 
tion conditions. 

88. A method as in claim 87, further comprising activating 
the base-metal material using an activator liquid prior to 
treating with the nucleation reactant liquid. 

89. A method as in claim 87 wherein the foreign-metal 
atoms comprise cobalt. 

90. A method as in claim 87 wherein the base-metal 
material comprises Substantially copper. 


