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(57) ABSTRACT 

A system for abating undesired component(s) from a gas 
stream containing same, such as halocompounds, acid gases, 
silanes, ammonia, etc., by scrubbing of the effluent gas 
stream With an aqueous scrubbing medium. Halocom 

pounds, such as ?uorine, ?uorides, per?uorocarbons, and 
chloro?uorocarbons, may be scrubbed in the presence of a 
reducing agent, e.g., sodium thiosulfate, ammonium hydrox 
ide, or potassium iodide. In one embodiment, the scrubbing 
system includes a ?rst acid gas scrubbing unit operated in 
cocurrent gas/liquid ?oW, and a second “polishing” unit 
operated in countercurrent gas/liquid ?oW, to achieve high 
removal ef?ciency With loW consumption of Water. The 
scrubbing system may utilize removable insert beds of 
packing material, packaged in a foraminous containment 
structure. The abatement system of the invention has par 
ticular utility in the treatment of semiconductor manufac 
turing process ef?uents. 
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APPARATUS AND METHOD FOR POINT-OF-USE 
TREATMENT OF EFFLUENT GAS STREAMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 09/086,033 ?led May 28, 1998 in the name 
of Jose I. Arno for “Apparatus and Method for Point-of-Use 
Abatement of Fluorocompounds,” and is also a continua 
tion-in-part of US. patent application Ser. No. 08/857,448 
?led May 16, 1997 in the names of Joseph D. SWeeney, et 
al. for “Clog-Resistant Entry Structure for Introducing Par 
ticulate Solids-Containing and/or Solids-Forming Gas 
Stream to a Gas Processing System.” 

BACKGROUNDS OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to abatement of 
undesirable components such as ?uorine, silane, gaseous 
?uorides, acid gases, hydride gases and halide gases from 
ef?uent streams containing same, and more speci?cally to 
the use of systems employing a Wet scrubber apparatus and 
method for abating undesirable components of the afore 
mentioned type in semiconductor manufacturing processes. 

[0004] 2. Description of the Related Art 

[0005] In point of use Wet scrubbing abatement of semi 
conductor off-gases, various applications require the 
removal of hydride gas, acid gas, and entrained solids. This 
is especially true in processes that use or produce SiH4 
(silane), NH3 (ammonia), F2 (?uorine), HF (hydrogen ?uo 
ride), SiF4 (silicon tetra?uoride), or COF2 (carbonyl ?uo 
ride), such as certain CVD (chemical vapor deposition) 
processes. 

[0006] In these ef?uent gas stream treatment applications, 
the art has typically employed a multiple component scrub 
bing system. In such a device, the silane and optionally the 
ammonia are thermally oxidiZed in one module of the 
abatement system, and the HF, F2, SiF4, COF2, and option 
ally NH3 are scrubbed using Water in another, separate 
module. Disadvantages of thermal oxidation include high 
energy consumption, and (ii) the generation of NOx result 
ing from the oxidation of ammonia. In addition, high tem 
perature heated modules may accelerate corrosion doWn 
stream of the thermal module because the acid gases (F2 and 
HF) are heated, but not abated in the thermal unit. Typically, 
a Water scrubbing module is located directly doWnstream 
from the thermal module. It is in the hot, moist interface 
region betWeen the Water scrubbing unit and the thermal unit 
that the hot acid gases typically cause corrosion. 

[0007] There is therefore a compelling need for a simple, 
reliable abatement device that can effectively treat ef?uent 
streams containing gas species of the type mentioned above. 

[0008] More speci?cally, concerning ?uorocompounds as 
ef?uent gas species that are desirably abated in treatment of 
ef?uent gas streams containing same, per?uorinated gases 
are Widely used in chip manufacturing to generate in-situ F2 
and ?uorine radicals using plasma-assisted reactions. These 
highly reactive species are produced to remove silica from 
tool chambers or to etch materials such as nitrides, oxides, 
or polysilicon from Wafers. The most commonly used car 
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bon-based per?uorinated species include CF4, C2136, and 
C3F8. Nitrogen tri?uoride (NF3) and sulfur hexa?uoride 
(SE6) are also Widely used. 

[0009] Per?uorinated compounds (PFCs) are also among 
the strongest greenhouse gases With global Warming poten 
tials (GWPs) three and four orders of magnitude higher than 
CO2. Moreover, PFCs are extremely stable molecules hav 
ing lifetimes in the atmosphere of thousands of years. Even 
though the semiconductor industry is not the largest source 
of PFC emissions, the industry is actively pursuing strate 
gies to reduce PFC emissions and to protect the environ 
ment. 

[0010] Ongoing research to reduce PFC emission levels 
falls into four categories: optimiZation, use of alternative 
chemicals, recovery/recycle techniques, and abatement pro 
cesses. 

[0011] Process optimiZation involves adjusting the oper 
ating conditions in the reactor to achieve enhanced PFC 
conversion Within the semiconductor manufacturing tool. 
Existing non-optimiZed conditions in the semiconductor 
manufacturing process result in PFC utiliZation that varies 
depending on the speci?c gas and process used. For 
instance, oxide etches using a combination of CF4 and CHF3 
rank loWest With 15% process ef?ciency. Tungsten deposi 
tion processes are reported to utiliZe up to 68% of NF3. 
Recent developments in optimiZed plasma clean technolo 
gies Were demonstrated to provide up to 99% NF3 utiliZation 
Within the semiconductor manufacturing tool. 

[0012] High PFC conversions inevitably result in the 
formation of haZardous air pollutants Breakdown 
products include mostly ?uorine (F2) and silicon tetra?uo 
ride (SiF4) gases and to a lesser extent HF and COF2. 
Destruction of fully ?uorinated gases generates considerably 
augmented HAP yields compared to the initial PFC volumes 
delivered to the semiconductor manufacturing tool. For 
instance, assuming stoichiometric conversion of PFCs into 
F2, a 1 liter per minute (lpm) ?oW rate of NF3 could 
potentially produce 1.5 liters per minute (lpm) of F2. The 
combined exhaust stream of four chambers in a semicon 
ductor manufacturing process system could potentially gen 
erate up to 6 standard liters per minute (slm) of ?uorine gas 
resulting in a post-pump ef?uent concentration of 3% F2 (50 
lpm ballast N2 per pump). 

[0013] These estimated values double With hexa?uori 
nated PFCs (compared to NF3) and are likely to increase in 
the future With the projected throughputs of 300 mm Wafer 
manufacturing. These estimates represent Worse case sce 
narios and do not account for the short duration and periodic 
nature of processes using PFCs, the loWer concentrations of 
F2 emissions during initial cleaning stages, and the reduced 
probability that tWo or more chambers run PFC cycles 
synchroniZed. Nonetheless, such estimates indicate the seri 
ous and Worsening character of the PFC problem associated 
With semiconductor manufacturing operations. 

[0014] The toxic and corrosive nature of ?uorinated HAPs 
pose considerable health and environmental haZards in addi 
tion to jeopardizing the integrity of exhaust systems. In 
particular, the oxidiZing poWer of F2 is unmatched by any 
other compound used or generated in the semiconductor 
manufacturing facility, and is far more reactive than other 
halogens. The large volumes of F2 and other ?uorinated 
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hazardous inorganic gases released during optimized plasma 
processing require the utilization of point of use (POU) 
abatement technologies in order to minimize potential dan 
gers and to prolong tool operating life. 

[0015] There are several potential alternative methods for 
point of use F2 abatement. At high concentrations, ?uorine 
reacts exothermically With all elements except 02, N2, and 
noble gases. Consequently, a reasonable approach to F2 
abatement is to remove this highly active gas using natu 
rally-occurring reactions Without adding energy to the sys 
tem. The main challenges to this potential approach are heat 
dissipation and forming acceptable by-products. 

[0016] Alternative ?uorine abatement techniques afford 
ing potential solutions to the ?uorine abatement problem 
include Wet as Well as dry reaction techniques, and thermal 
reaction techniques. 

[0017] In dry processing, the ?uorine gas stream is ?oWed 
through a dry bed ?lled With a reactive material. Suitable dry 
chemicals Would convert F2 into innocuous solids or benign 
gases Without generating excessive heat. This last condition 
could be a limiting factor especially When large volumes of 
F2 are involved. 

[0018] In a thermal reaction approach, thermal abatement 
units combine reactive materials and F2 inside a reactor 
heated using fuel or electrical energy. The by-products 
generated by the thermal abatement of F2 typically include 
hot acids requiring the use of a post-reaction Water scrubber. 
The removal ef?ciencies in these post-reaction Water scrub 
ber beds are often compromised, inasmuch as the scrubbing 
ef?ciency of most acid gases decrease as a function of 
temperature. In addition, containment of hot concentrated 
acids requires expensive materials and construction to pre 
vent temperature-enhanced corrosion attack. 

[0019] In Wet processing techniques, advantage is taken of 
the fact that ?uorine gas reacts quickly and ef?ciently With 
H2O. The main products of the reaction betWeen Water and 
F2 are HF, 02, and H202. Objections to using Water scrub 
bers include concerns over the formation of unWanted OF2, 
and the Water consumption necessary to achieve acceptable 
removal ef?ciencies at high ?uorine challenges. 

[0020] Comparison of the foregoing treatment options 
shoWs that Wet scrubbing techniques are potentially the most 
attractive, provided that the OF2 by-product formation and 
high potential Water consumption problems can be resolved. 

[0021] There is, accordingly, a need in the art for a point 
of use Wet scrubber ?uorine abatement system that inhibits 
the formation of unWanted OF2, that has an acceptable 
?uorine removal efficiency at high ?uorine concentrations 
and that concurrently minimizes Water usage. 

[0022] Considering noW silanes as undesirable compo 
nents of ef?uent gas streams that are desirably abated in gas 
stream treatment, such components as mentioned above are 
typically removed by thermal oxidation. Water scrubbing 
removal of silanes has generally not been considered advan 
tageous in comparison to thermal oxidation, because of the 
very loW solubility of silanes in Water and their very loW 
reactivity With Water. The prior art in some instances has 
used chemicals such as KOH and NaOH for such scrubbing, 
but scrubbing silanes With such hydrides generally requires 
large amounts of the chemical additives and therefore entails 
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substantial operating costs. Chemical scrubbing is described 
for example in “Ef?ciently handling ef?uent gases through 
chemical scrubbing,” T. Herman and S. Soden, American 
Institute of Physics Conference Proceedings 166, Photovol 
taic Safety, Denver, Colo. 1988. 

[0023] In addition to the foregoing approaches for achiev 
ing abatement of silanes, there are commercially available 
certain devices that effect thermal oxidation of silane prior 
to ?nal scrubbing of the ef?uent gas in a Water scrubber. 
These devices, hoWever, suffer from the disadvantage of 
requiring ignition sources and fuel, or alternatively electric 
ity, for heating. The associated process also tends to be 
highly exothermic in nature, resulting in excessive tempera 
tures and substantial exhaust gas quenching requirements. 

[0024] Another problem experienced in abatement of 
silanes is that ammonia gas may also be present in the 
ef?uent gas stream. The concurrent presence of silane and 
ammonia presents particular dif?culty in achieving high 
levels of abatement of these components. 

[0025] There is therefore a need in the art for a gas 
abatement system that can effectively abate silane and 
ammonia gas When both are simultaneously present in the 
ef?uent gas stream. 

[0026] Accordingly it Would be a signi?cant advance in 
the art to provide a means and method for ef?cient removal 
of silanes that avoid the disadvantages of thermal oxidation 
treatment. 

[0027] It Would also be a signi?cant advance in the art to 
provide effect removal of silane at ambient or near-ambient 
temperature levels, or otherWise at temperature conditions 
that are substantially beloW those employed in thermal 
oxidation treatment. There is therefore a need for a “cold 
combustion” method and apparatus for effecting abatement 
of silanes by loW temperature oxidation thereof. 

[0028] Afurther problem that has plagued the use of Water 
scrubbers for the treatment of ef?uent gas streams is foam 
ing. In certain semiconductor applications, ef?uent gases can 
cause foam formation When entering a Water scrubber and 
such foam can cause deleterious effects inside the scrubber. 
The most serious problem occurs When the foam builds up 
in such a large quantity as to completely ?ll the interior 
volume of the scrubber. When this happens, foam becomes 
entrained in the gaseous phase and actually can be carried 
out of the scrubber. Where the foam coalesces on the exhaust 
pipe surfaces, corrosion can occur. Additionally, foaming 
can cause cavitation When foam is present in the sump liquor 
of the scrubber, and the foam thereby can damage the pump 
that recirculates the scrubbing liquor. Finally, such foaming 
activity may signi?cantly increase the pressure drop across 
the scrubber and thereby adversely affect the operation not 
only of the scrubber and ef?uent treatment system, but also 
the operation of upstream semiconductor manufacturing 
units that are pressure-sensitive in character. 

[0029] Yet another problem encountered in the operation 
of Water scrubbers for ef?uent gas treatment is the mineralic 
content of the Water used in the scrubber. In certain locations 
of the World and the United States, the make-up Water 
supplied to Water scrubbers is very hard, i.e., it contains a 
high concentration of calcium and magnesium and other 
ionic species. It has been found that When the Water scrubber 
is operating With a pH above about 8.5, the calcium in the 
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Water tends to precipitate out as calcium carbonate (CaCO3). 
This creates a number of problems. One is that CaCO3 
adheres to sensitive surfaces Within the recirculation pump 
associated With the scrubber. This can cause the pump to 
seiZe up and fail. Another problem is that the CaCO3 
deposits build up on the packing surfaces of the scrubber. 
This in turn causes an increase in pressure drop across the 
scrubber and a decrease in scrubbing ef?ciency. Finally, 
CaCO3 deposits may form in the Water lines of the scrubber, 
causing an increase in pressure drop and therefore a reduc 
tion in Water ?oW rate. 

[0030] Another solids deposition problem of a more gen 
eral character is the clogging by solids of lines connected to 
pressure sensing devices in the abatement system. Such lines 
are used to measure the pressure at the inlet of the abatement 
unit, to give the facility engineers an indication of Whether 
any clogging is present in the abatement system. The lines 
(pressure sensing ports) can sometimes become clogged by 
particulates or by condensable gases in the effluent stream. 
If solids build up in the sensing line, the reading of the 
associated pressure sensing device Will be inaccurate and 
may give a false alarm signal causing the abatement system 
to be shut doWn. 

[0031] A related problem is the occurrence of solids 
deposition in the entry to the Water scrubber, Which may be 
attributable to the presence of condensable gases in the 
effluent gas stream being processed. 

[0032] It therefore is desirable to minimize or eliminate 
the incidence of solids formation in the abatement system, to 
avoid or at least ameliorate the foregoing solids deposition 
problems. 

[0033] In the point of use Wet scrubbing abatement of 
semiconductor off-gases, Where both acid gas removal and 
solids removal are required, e.g., in processes that use or 
produce C12, F2, HF, HCl, or NH3, such as metal etch, 
LPCVD, EPI, and CVD processes, the scrubbing system 
utiliZes a single packed column through Which the gas is 
?oWed for treatment. Above the packed column is a spraying 
mechanism used to Wet the packing material With the 
scrubbing liquor (usually Water). The gas may pass doWn 
Ward through the column in the same direction as the falling 
Water (cocurrent), or upWard against the falling Water (coun 
tercurrent). There is an advantage to using a countercurrent 
design because the Water at the gas outlet (column top) is 
clean and enables maXimum scrubbing potential. On the 
other hand, the Water at the gas outlet of a column operated 
in cocurrent fashion (column bottom) can be saturated With 
the given acid gas, thereby limiting the scrubbing potential. 

[0034] Unfortunately, the column siZe, packing Wetting 
requirements, and effective solids removal demand that a 
signi?cant Water ?oW rate must pass over the packing in 
either cocurrent or countercurrent operation. Typical Water 
?oW rates through the packing typically Will be in eXcess of 
10 gallons/minute. Using such a high ?oW rate of fresh Water 
is undesirable in terms of cost and also due to the signi?cant 
consumption of Water by the process facility, particularly in 
regions Where Water is scarce. The common ansWer to this 
dilemma is to use a recirculation pump to recycle used Water 
back to the top of the packed column. The fresh Water 
(make-up) ?oW rate can then be loWered. HoWever, recir 
culation decreases the scrubbing ef?ciency of the scrubber 
for the aforementioned gas species. 
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[0035] One method used to increase scrubbing ef?ciency 
and decrease the fresh make-up Water ?oW rate is to use a 
chemical injection agent. These materials Work by reacting 
With the solubiliZed gases, thereby alloWing additional gas 
molecules to enter into the aqueous scrubbing liquor as a 
result of the maXimiZed mass transfer gradient. HoWever, the 
use of chemical agents in this approach is costly and can 
present additional safety concerns. 

[0036] It Would therefore be desirable to provide a scrub 
bing system for the effective removal of both solids and acid 
gases, Which does not require the use of chemical addition 
agents. It Would also be desirable to provide a scrubbing 
system for the treatment of effluent gas, Which alloWs for a 
signi?cant reduction in the required fresh make-up Water 
?oW rate as compared to a typical Water scrubber that does 
not employ the use of chemical addition agents. 

[0037] Accordingly, it is an object of the present invention 
to resolve the above-discussed problems associated With 
effluent gas treatment systems of the prior art. 

[0038] It is another object of the invention to provide an 
effluent gas treatment system overcoming such problems of 
the prior art. 

[0039] It is a further object of the present invention to 
provide an effluent gas treatment system that employs a 
Water scrubber in a highly ef?cient manner. 

[0040] Other objects and advantages of the invention Will 
be more fully apparent from the ensuing disclosure and 
appended claims. 

SUMMARY OF THE INVENTION 

[0041] The present invention relates to an apparatus and 
method for abatement of undesirable components from 
effluent streams containing same. 

[0042] Such undesirable components may variously 
include ?uorine, silanes, gaseous ?uorides, per?uorocar 
bons, acid gases, hydride gases and halide gases. Speci?c 
eXamples of such gas components include, Without limita 
tion, SiH4 (silane), NH3 (ammonia), F2 (?uorine), HF 
(hydrogen ?uoride), SiF4 (silicon tetra?uoride), and COF2 
(carbonyl ?uoride). 
[0043] The invention relates more speci?cally to effluent 
gas treatment systems employing a Wet scrubber apparatus 
and method for abating undesirable components of effluent 
gas streams deriving from semiconductor manufacturing 
operations. 
[0044] In one aspect, the present invention relates to a 
scrubbing system for the abatement of a gas component in 
a gas stream containing same, such scrubbing system com 
prising a gas/liquid contacting chamber including means for 
introducing to the contacting chamber the gas stream and a 
scrubbing liquid for gas/liquid contacting therein, and addi 
tionally at least one of the features of: 

[0045] (a) a chemical injector for introducing a 
chemical reagent for contact With the gas component 
to remove same from the gas stream in said gas/ 
liquid contacting, optionally in combination With a 
back pressure inducing device, e.g., an ori?ce to 
prevent or at least partially reduce foaming in the 
scrubbing system incident to chemical reagent inj ec 
tion; 
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[0046] (b) an inlet arranged for introduction to the 
gas stream ?oWed therethrough of a gas to enhance 
removal of silane from the gas stream When present 
therein; 

[0047] (c) a second gas/liquid contacting chamber 
receiving a treated gas stream from the ?rst gas/ 
liquid contacting chamber and including means for 
introducing to said second contacting chamber a 
second scrubbing liquid for gas/liquid contacting 
therein, Wherein the ?rst gas/liquid contacting cham 
ber is constructed and arranged for cocurrent How of 
the gas stream and scrubbing liquid and Wherein the 
second gas/liquid contacting chamber is constructed 
and arranged for countercurrent How of the gas 
stream and the second scrubbing liquid; 

[0048] (d) an antifoam agent injector for introducing 
to scrubbing liquid for said gas/liquid contacting a 
foam-suppressing antifoam agent, to suppress foam 
production in the scrubbing chamber, optionally in 
combination With a back pressure inducing device, 
e.g., an ori?ce to prevent or at least partially reduce 
foaming in the scrubbing system incident to anti 
foam agent injection; 

[0049] (e) means for suppressing deposition of cal 
cium carbonate from scrubbing liquid containing 
calcium, said suppressing means being selected from 
the group consisting of: 

[0050] (1) a magnetiZation Zone for imposing a 
magnetic ?eld on scrubbing liquid prior to use 
thereof in the contacting chamber; 

[0051] (2) means for adjusting the pH of the scrub 
bing liquid to maintain pH thereof beloW 8.5; 

[0052] (3) a lime-soda ash bed arranged for How of 
the scrubbing liquid therethrough prior to use of 
the scrubbing liquid in the contacting chamber; 
and 

[0053] (4) a precipitator for precipitating the cal 
cium content of the scrubbing liquid prior to use of 
the scrubbing liquid in the contacting chamber; 

[0054] means for suppressing solids formation in 
a passage of the scrubbing system, selected from the 
group consisting of means for ?oWing a purge gas 
through the passage to suppress solids formation 
therein, and means for heating the passage to sup 
press solids formation therein; and 

[0055] (g) means for abating silane from the gas 
stream When present therein in combination With 
ammonia, such means being selected from the group 
consisting of: 

[0056] (1) means for heating the gas stream prior 
to introduction of same to the scrubbing system; 
and 

[0057] (2) a second gas/liquid contacting chamber 
according to (c) hereof, and means for introducing 
clean dry air or other oxygen-containing gas to the 
treated gas stream from the ?rst gas/liquid con 
tacting chamber prior to introduction thereof to the 
second gas/liquid contacting chamber. 
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[0058] Another aspect relates to a scrubbing system 
including an inlet structure for introducing to a scrubbing 
apparatus a gas stream containing a silane component. In 
such aspect, the gas stream is ?oWed through the inlet 
structure, and the inlet structure includes means for intro 
ducing a gas to the gas stream to enhance removal of the 
silane component in the scrubbing system. The gas may 
comprise clean dry air (or any other suitable oXygen 
containing gas). The gas may be introduced to the silane 
containing gas stream in any suitable manner, eg bubbling 
into tipover Water in a Water over?oW inlet structure, or 
bubbling into ?oWing Water introduced through a dip tube, 
through holes in a diptube, through a porous diptube, or 
Weeping through pores in a top or side Wall of the entry, or 
introduced through the sideWall of the inlet tubing. 

[0059] The gas introducing means in one embodiment 
may for eXample comprise an upper inlet portion With an 
annular gas introduction passage including a gas-permeable 
Wall bounding a gas ?oW passage of the upper inlet portion, 
and through Which the silane-removal-enhancing gas may be 
?oWed, (ii) a loWer inlet portion including an annular 
over?oW liquid reservoir With an inner Wall having an inner 
Wall surface bounding a gas ?oW passage through the loWer 
inlet portion of the inlet structure, and producing on over 
?oW a falling ?lm of liquid on the inner Wall surface and (iii) 
a gas inlet tube extending into the gas ?oW passage and 
terminating at a loWer end in one of the upper inlet and loWer 
inlet portions of the gas introducing means; Wherein said gas 
introducing means is constructed and arranged to introduce 
silane-containing gas from a source thereof to the scrubbing 
apparatus. 

[0060] In another speci?c embodiment, the gas for 
enhancing removal of the silane component is introduced to 
a How passage of an inlet receiving the silane-containing gas 
stream, Wherein the gas is introduced to the silane-contain 
ing gas stream at a central part as Well as an outer peripheral 
part of the gas stream containing silane, so that the silane 
abating gas, e.g., clean dry air or other oxygen-containing 
gas, is intimately miXed With the gas stream to effect cold 
combustion removal of the silane component, by oxidation 
thereof. 

[0061] The aforementioned arrangement may be utiliZed 
in combination With a Wetted-Wall inlet structure of a type as 
more fully described hereinafter. 

[0062] A still further aspect of the invention concerns a 
scrubbing system for treatment of an effluent gas including 
acid gas components and Water-scrubbable components 
other than acid gas components. Such scrubbing system 
comprises: 

[0063] a ?rst scrubber unit for scrubbing the effluent 
gas With an aqueous scrubbing liquid to remove the 
acid gas components thereof, said ?rst scrubber unit 
being constructed and arranged for co-current ?oW 
contacting of the aqueous scrubbing liquid and ef?u 
ent gas With one another to yield effluent gas reduced 
in acid gas components, as Well as Water-scrubbable 
components other than acid gases, as Well as Water 
reactive gases; 

[0064] a second scrubber unit for scrubbing the ef?u 
ent gas With a second aqueous scrubbing liquid to 
remove residual acid gas components and Water 



US 2004/0213721 A1 

scrubbable components other than acid gas compo 
nents thereof as Well as Water-reactive components, 
said second scrubber unit being constructed and 
arranged for counter-current ?oW contacting of the 
second aqueous scrubbing liquid and effluent gas 
With one another to yield effluent gas reduced in acid 
gas components and Water-scrubbable components 
other than acid gas components as Well as Water 
reactive components; and 

[0065] means for ?oWing the effluent gas reduced in 
acid gas components from the ?rst scrubber unit to 
the second scrubber unit. 

[0066] In the above-described scrubbing system, the acid 
gas components and Water-soluble/Water-reactive compo 
nents Will be reduced in the ?rst scrubber unit to concen 
trations approaching those corresponding to the respective 
equilibrium values of the acid gas components and Water 
soluble/Water-reactive components in the aqueous scrubbing 
liquid. 
[0067] A yet further aspect of the invention involves a 
gas/liquid contacting article, for removable installation in a 
scrubber vessel having means for introducing a gas and 
liquid to an interior volume of the scrubber vessel for 
gas/liquid contacting therein, such packing medium assem 
bly comprising a ?uid-permeable containment structure, 
e.g., a foraminous bag and a mass of packing elements 
contained in such ?uid-permeable containment structure. 

[0068] As used herein, the term “foraminous” means per 
forate or otherWise including openings, interstices, vias, or 
other passages or open space Which affords the structure the 
ability to accommodate ?uid ?oW therethrough. The open 
space in the foraminous structure may be varied depending 
on the siZe of the packing elements to be contained therein. 

[0069] The invention in a further aspect relates to a 
scrubbing process for the abatement of a gas component in 
a gas stream containing same, said scrubbing process com 
prising introducing the gas stream and a scrubbing liquid to 
a gas/liquid contacting chamber and effecting gas/liquid 
contacting therein, Wherein said process additionally at least 
one of the steps of: 

[0070] (a) introducing a chemical reagent for contact 
With the gas component to remove same from the gas 
stream in said gas/liquid contacting; 

[0071] (b) introducing to the gas stream prior to entry 
thereof into the contacting chamber, a gas to enhance 
removal of silane from the gas stream When present 
therein; 

[0072] (c) ?oWing the effluent gas from the contact 
ing chamber to a second gas/liquid contacting cham 
ber and introducing to said second contacting cham 
ber a second scrubbing liquid for gas/liquid 
contacting therein, Wherein the ?rst gas/liquid con 
tacting in the ?rst chamber comprises cocurrent How 
of the gas stream and scrubbing liquid and Wherein 
the second gas/liquid contacting in the second con 
tacting chamber comprises countercurrent How of 
the gas stream and the second scrubbing liquid 
through the second contacting chamber; 

[0073] (d) introducing an antifoam agent to scrub 
bing liquid for said gas/liquid contacting, to suppress 
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foam production in the contacting chamber, option 
ally in combination With inducing a back pressure on 
the scrubbing liquid to supress form production in 
the contacting chamber; 

[0074] (e) suppressing deposition of calcium carbon 
ate from scrubbing liquid containing calcium, 
including a step selected from the group consisting 
of: 

[0075] (1) imposing a magnetic ?eld on scrubbing 
liquid prior to use thereof in the contacting cham 
ber; 

[0076] (2) adjusting the pH of the scrubbing liquid 
to maintain pH thereof beloW 8.5; 

[0077] (3) ?oWing the scrubbing liquid through a 
lime-soda ash bed prior to use of the scrubbing 
liquid in the contacting chamber; and 

[0078] (4) precipitating the calcium content of the 
scrubbing liquid prior to use of the scrubbing 
liquid in the contacting chamber; and 

[0079] suppressing solids formation in a passage 
of the scrubbing system, including a step selected 
from the group consisting of ?oWing a purge gas 
through the passage to suppress solids formation 
therein, and heating the passage and/or gas ?oWed 
therethrough to suppress solids formation therein. 

[0080] In another aspect, the invention relates to a process 
for abatement of ?uorocompound from an effluent stream 
containing same, including contacting the gas stream With 
an aqueous medium in the presence of a reducing agent, 
such as sodium thiosulfate, ammonium hydroxide, potas 
sium iodide, or any other suitable reducing agent. 

[0081] In a further aspect, the invention relates to an 
apparatus for abatement of ?uorocompound in an effluent 
stream containing same, including a Water scrubber unit 
joined in How relationship With the stream of ?uorocom 
pound-containing effluent and arranged for discharge of a 
?uorocompound-depleted ef?uent stream, With means for 
injecting a reducing agent such as sodium thiosulfate, 
ammonium hydroxide, potassium iodide, or the like into the 
Water scrubber unit to abate the ?uorocompound therein and 
provide an enhanced eXtent of removal of the ?uorocom 
pound, relative to a corresponding system lacking such 
reducing agent injection. 

[0082] A still further aspect of the invention relates to a 
semiconductor manufacturing facility, comprising: 

[0083] a semiconductor manufacturing process unit 
producing an effluent gas stream containing a ?uo 
rocompound; and 

[0084] an apparatus for abating ?uorocompound in 
the effluent gas stream, comprising: 

[0085] a Water scrubber unit for gas/liquid contact 
ing; 

[0086] means for introducing the ?uorocom 
pound-containing ef?uent gas stream to the Water 
scrubber unit; 

[0087] means for discharging a ?uorocompound 
reduced ef?uent gas stream from the Water scrub 
ber unit; and 
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[0088] a source of a reducing agent, operatively 
coupled With the Water scrubbing unit and 
arranged for introducing reducing agent to the 
Water scrubber unit during operation thereof. 

[0089] The semiconductor manufacturing process unit in 
such facility may be of any suitable type, as for example a 
plasma reaction chamber, chemical vapor deposition cham 
ber, vaporiZer, epitaxial groWth chamber, or etching tool. 

[0090] Another aspect of the invention relates to an ef?u 
ent abatement scrubbing system comprising a Water scrub 
ber for scrubbing of an effluent gas, said system being 
constructed and arranged for performing at least one of the 
functions selected from the group consisting of: 

[0091] (1) Water scrubbing of effluent gas With addi 
tion or injection of chemical reducing reagents; 

[0092] (2) Water scrubbing of effluent gas containing 
silane, Wherein clean dry air is introduced to the 
effluent gas or scrubbing liquid; 

[0093] (3) utiliZing a tWo-stage scrubbing system 
including an equilibrium scrubbing column and a 
polishing mass transfer column, to decrease required 
make-up Water for scrubbing While simultaneously 
maintaining or increasing scrubbing ef?ciency rela 
tive to a single-stage scrubbing unit; 

[0094] (4) adding clean dry air to effluent gas dis 
charged from the equilibrium scrubbing column of 
(3), prior to its introduction to the polishing mass 
transfer scrubbing column, to abate silane When 
present With ammonia in the effluent gas stream; 

[0095] (5) utiliZing in a tWo-stage scrubbing system 
of (3) a foraminous containment structure containing 
bed packing as an insert in the polishing mass 
transfer column; 

[0096] (6) contacting effluent gas in the scrubbing 
system With OF2 reducing agents; 

[0097] (7) controlling foaming in the scrubbing sys 
tem by chemical antifoam agents and/or ori?ce 
restriction of How of scrubbing liquid; 

[0098] (8) preventing CaCO3 buildup in the scrub 
bing system by one or more of the folloWing: 

[0099] (a) magnetiZation of make-up Water used 
for scrubbing; 

[0100] (b) control of the pH of the make-up Water; 

[0101] (c) soda ash-lime softening of the make-up 
Water; and 

[0102] (d) precipitation or ?occulation treatment 
of the make-up Water; 

[0103] (9) suppressing clogging of a photohelic port 
including a photohelic sensing line in the scrubbing 
system, by passing a stream of purge gas through the 
photohelic sensing line, Wherein the photohelic sens 
ing line may optionally be heated; and 

[0104] (10) heating an inlet structure used in the 
scrubbing system to introduce ef?uent gas to a 
scrubbing Zone. 
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[0105] Still other aspects of the invention relate to inlet 
structures for a gas scrubbing system, removal means and 
methods for speci?c gas components to be abated from gas 
streams containing same, and speci?c scrubbing system 
features, techniques, subsystems and approaches. 

[0106] Other aspects, features and embodiments of the 
invention therefore are more fully shoWn hereinafter, and 
Will be more fully apparent from the ensuing disclosure and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0107] FIG. 1 is a schematic of a test setup used to 
characteriZe ef?uent gases and temperature pro?les during 
abatement of F2 and SiF4. 

[0108] FIG. 2 is a sectional perspective vieW of a Water 
scrubber system according to one embodiment of the inven 
tion. 

[0109] FIG. 3 is a graph of outlet ?uorine equivalent, in 
parts per million, as a function of ?uorine inlet concentra 
tion. 

[0110] FIG. 4 is a graph of concentration in ppm as a 
function of time for selective compounds measured at the 
outlet of a scrubber unit operated in accordance With the 
present invention. 

[0111] FIG. 5 is a schematic elevation vieW of an inlet 
structure that may be employed to abate silane upstream of 
a scrubber unit to Which the inlet structure is joined in ?uid 
?oW communication. 

[0112] FIG. 6 is a partial sectional elevation vieW of 
another inlet structure that may be employed to abate silane 
in an effluent gas stream containing same. 

[0113] FIG. 7 is a schematic elevation vieW of a Water 
scrubber apparatus according to another embodiment of the 
invention. 

[0114] FIG. 8 is a graph of calcium carbonate precipita 
tion rate, in pounds per day, as a function of pH of the Water 
used for scrubbing in a Water scrubber apparatus. 

[0115] FIG. 9 is a graph of concentration of carbonic acid 
and derivatives thereof in the sump of a Water scrubber 
apparatus, as a function of pH of the scrubbing liquid. 

[0116] FIG. 10 is a graph of improvement factor (decrease 
in ammonia exhaust concentration When a second-stage 
scrubber is employed, relative to a conventional single-stage 
scrubber) as a function of Water ?oW rate, and various 
ammonia ?oW rates. 

[0117] FIG. 11 is an exploded partial sectional elevation 
vieW of a mesh bag of scrubber particles, and an associated 
vessel casing of a scrubber unit receiving same, in accor 
dance With one embodiment of the invention. 

[0118] FIG. 12 is a schematic representation of a tWo 
stage scrubber system according to one embodiment of the 
present invention. 

[0119] FIG. 13 is a sectional elevation vieW of an inlet 
structure according to a further embodiment of the inven 
tion. 
































