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ABSTRACT 

A treating head having a treating surface and a substrate 
treatment surface de?ne a thin ?uid gap that is ?lled 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 bene?t of US. Provi 
sional Application Serial No. 60/392,203, ?led Jun. 28, 
2002. 

FIELD OF THE INVENTION 

[0002] The invention is related to the ?eld of integrated 
circuit fabrication, in particular to methods and apparatuses 
for the deposition, removal, and treatment of thin ?lms 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, US. Pat. No. 6,537,416, 
issued Mar. 25, 2003 to Mayer et al., and US. patent 
application Ser. No. 10/272,693, ?led 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 
con?gurations 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 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 in?uences 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 suff er 
from either of these problems, but are signi?cantly 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 
$25/liter to $100/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 $5/liter to $10/liter. 
Inef?cient use of the plating solution, therefore, increases 
the cost of plating operations signi?cantly. 

[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 ?ne metallic particulate in the bulk solution and 
onto processing equipment Walls, ?lters, 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, US. 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 dif?cult to maintain a 
sufficiently high and uniform reaction temperature because 
of the simultaneous cooling of the hot ?uid 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 suf?cient heat 
capacity to maintain a globally uniform temperature over a 
standard 200 millimeter 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 ef?uent. 

[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. 

[0010] Thus, liquid chemical reaction techniques, for 
example, immersion bath and spraying techniques, typically 
encounter problems such as: dif?cult 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; inef?cient 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 ?oor space. 

SUMMARY OF THE INVENTION 

[0011] 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 modi?cation 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 
l-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 ef?cient use of small volumes of often unstable ?uid 
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 
ef?cient 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 ?uid reactant. 

[0015] Athin liquid layer in accordance With the invention 
is a micro-siZed reactor or treatment bath having a volume 
of the thin ?uid gap betWeen a Wafer substrate and a treating 
head. In this speci?cation, 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 de?nes a thin ?uid gap With a substrate surface, Which 
?uid gap is 10 ?lled 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 
?uid gap and alloWing it to remain in the ?uid gap for a time 
suf?cient 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. 

[0017] 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 ?ushed 
from the ?uid gap and replaced With fresh reactants. 

[0018] Another advantage of an apparatus and a method in 
accordance With the invention is that the composition and 
?oWrate of a treatment liquid into a ?uid 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 ?uid 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 ?oWed into the ?uid 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 ?uid gap having a small volume. The ?uid gap is 
?lled 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 ?uid 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 ?uid gap. Typically, the 
inlet tubes de?ne holes located about the central axis of a 
treating head so that ?uid is injected proximate to the center 
of the ?uid 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 ?oW 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 ?oW into a ?uid 
gap so that ?oW is less concentrated at any particular point 
and so ?uid convection is more uniform across a treatment 
surface. It is found that a shoWerhead also helps prevent the 
formation of a trapped bubble during ?lling. 

[0024] In one aspect, a microcell comprises a manifold 
and a ?uid cavity integral With a treating head. In another 
aspect, to provide balanced distribution of liquid 
?oWthrough 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 insuf?cient pressure differential for ?oW, no ?oW occurs. 
When the pressure differential is achieved, ?oW occurs 
relatively evenly across the membrane and into the plurality 
of inlet tubes and generates a correspondingly balanced 
liquid ?oW pattern into and through the ?uid gap. In still 
another aspect, a recirculation tube is in ?uidic communi 
cation With a liquid source tube from a liquid source and 
With a liquid inlet tube that leads to a ?uid gap. Preferably, 
a recirculation tube, a liquid source tube, and a liquid inlet 
tube are connected through a multi-Way valve. 

[0025] In still another aspect, a manifold bypass tube leads 
from a manifold cavity and is in ?uid 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 ?ltered just priorto entering the ?uid gap, 
usually With a 0.05 micron or 0.1 micron ?lter (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 ?eld 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 ?eld 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 ef?cient endpoint determina 
tion. In another aspect, continuous measurement of magnetic 
?elds 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 ?uid 
gap and an optical sensor measures re?ectivity, 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 ?uid 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 ?uid gap typically comprises a volume 
in a range of about from 30 microliters per cm2 to 300 
microliters per cm2 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 

[0030] A more complete understanding of the invention 
may be obtained by reference to the draWings, in Which: 

[0031] 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 ?uid gap 
?lled by a thin liquid layer; 

[0032] 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 ?oWing through an inlet tube to form a thin liquid 
layer in a ?uid 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; 

[0036] 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 in?uence temperature or ?uid-?oW distribution 
in a thin liquid layer; 

[0038] 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 ?oWs into a ?uid 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 ?oWs into 
a manifold cavity, and then ?oWs through inlet tubes into a 
?uid 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 ?oW diagram for a 
microcell apparatus suitable for unstable reaction mixtures; 
and 

[0045] FIG. 15 shoWs the results of electromigration 
(EM) tests comparing EM lifetime in Wafers having Co 
capped Cu lines 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 ?uid inlet and outlet streams in the 
?gures 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 de?ned in the claims beloW. 

[0047] The terms “liquid treatment”, “treatment”, and 
related terms are used in a broad sense in this speci?cation 
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 






























