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METHODS AND APPARATUS FOR A 
COGENERATION ABATEMENT SYSTEM 

FOR ELECTRONIC DEVICE 
MANUFACTURING 

RELATED APPLICATIONS 

[0001] The present application claims priority to US. Pro 
visional Patent Application Serial No. 60/931,731, ?led May 
25, 2007 and entitled “Methods and Apparatus for Abating 
Ef?uent Gases Using Modular Treatment Components” (At 
torney Docket No. l2073/L), Which is hereby incorporated 
herein by reference in its entirety for all purposes. 
[0002] Also, co-pending, commonly oWned US. patent 
application Ser. No. 11/686,005, ?led Mar. 14, 2007 and 
entitled “METHOD AND APPARATUS FOR IMPROVED 
OPERATION OF AN ABATEMENT SYSTEM” (Attorney 
Docket No. 913 9), is hereby incorporated by reference herein 
in its entirety and for all purposes. 

FIELD OF THE INVENTION 

[0003] The present invention relates generally to electronic 
device manufacturing and more particularly relates to meth 
ods and systems for abating ef?uent gases produced in elec 
tronic device manufacturing. 

BACKGROUND 

[0004] Electronic device manufacturing process tools 
(hereinafter “process tools”) conventionally employ cham 
bers or other suitable apparatus adapted to perform processes 
(e. g., chemical vapor deposition, epitaxial silicon groWth, and 
etch, etc.) to manufacture electronic devices. Such processes 
may produce e?Iuents having undesirable, harmful and/or 
dangerous chemicals as by-products of the processes. Con 
ventional electronic device manufacturing systems may use 
abatement apparatus to treat or abate the e?lluents. 
[0005] Thus, the gaseous ef?uents from the manufacturing 
of electronic devices including semiconductor materials, 
devices, products and memory articles involve a Wide variety 
of chemical compounds used and produced in the process 
tools. These compounds include inorganic and organic com 
pounds, breakdown products of photo-resist and other 
reagents, and a Wide variety of other gases that must be 
removed from the Waste gas before being vented from the 
process facility into the atmosphere. 
[0006] Electronic device manufacturing processes utiliZe a 
variety of chemicals, many of Which have extremely loW 
human tolerance levels. Such materials include gaseous 
hydrides of antimony, arsenic, boron, germanium, nitrogen, 
phosphorous, silicon, selenium, silane, silane mixtures With 
phosphine, argon, hydrogen, organosilanes, halosilanes, 
halogens, organometallics and other organic compounds. 
[0007] Halogens, e.g., ?uorine (F2) and other ?uorinated 
compounds, are particularly problematic among the various 
components requiring abatement. The electronics industry 
uses per?uorinated compounds (PFCs) in Wafer processing 
tools to remove residue from deposition steps and to etch thin 
?lms. PFCs are recognized to be strong contributors to global 
Warming and the electronics industry is Working to reduce the 
emissions of these gases. The most commonly used PFCs 
include, but are not limited to, CF4, C2F6, SP6, C3F8, C4H8, 
C4H8O and NF3. In practice, these PFCs are dissociated in a 
plasma to generate highly reactive ?uoride ions and ?uorine 
radicals, Which do the actual cleaning and/or etching. The 
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e?Iuent from these processing operations include mostly 
?uorine, silicon tetra?uoride (SiF4), hydrogen ?uoride (HF), 
carbonyl ?uoride (COF2), CF4 and C2F6. 
[0008] A signi?cant problem of the semiconductor indus 
try has been the removal of these materials from the e?Iuent 
gas streams. While virtually all US. semiconductor manu 
facturing facilities utiliZe scrubbers or similar means for treat 
ment of their e?Iuent gases, the technology employed in these 
facilities is not capable of removing all toxic or otherWise 
unacceptable impurities. 
[0009] One solution to this problem is to incinerate the 
process gas to oxidiZe the toxic materials, converting them to 
less toxic forms. Such systems are almost alWays over-de 
signed in terms of treatment capacity, and typically do not 
have the ability to safely deal With a large number of mixed 
chemistry streams Without posing complex reactive chemical 
risks. Further, conventional incinerators typically achieve 
less than complete combustion thereby alloWing the release 
of pollutants, such as carbon monoxide (CO) and hydrocar 
bons (HC), to the atmosphere. Furthermore, one of the prob 
lems of great concern in e?Iuent treatment is the formation of 
acid mist, acid vapors, acid gases and NOx (NO, N02) prior 
to discharge. 
[0010] In addition, conventional incinerators may be 
expensive to operate due to the consumption of fuel that may 
be required to satisfactorily combust the ef?uent. Accord 
ingly, it Would be advantageous to provide an improved ther 
mal reactor for the decomposition of highly thermally resis 
tant contaminants in a Waste gas that provides high 
temperatures, through the introduction of highly ?ammable 
gases, to ensure substantially complete decomposition of said 
Waste stream While simultaneously reducing the cost of oper 
ating such a reactor. 

SUMMARY 

[0011] In some aspects, a method of operating an electronic 
device manufacturing system is provided, including pumping 
e?Iuent from a processing chamber to a reaction chamber; 
combusting the e?Iuent in the reaction chamber; driving a 
turbine With combustion gases from the reaction chamber; 
generating poWer from the turbine; and applying the poWer 
generated by the turbine to operate the pump. 
[0012] In other aspects , a system for electronic device 
manufacturing is provided, including a processing chamber; a 
pump coupled to the processing chamber and adapted to draW 
e?Iuent from the processing chamber; a reaction chamber 
coupled to the pump and adapted to receive the e?Iuent from 
the pump; and a turbine coupled to the reaction chamber and 
adapted to be driven by combustion gases from the reaction 
chamber. The turbine is adapted to generate poWer Which is 
applied to operate the pump. 
[0013] In yet other aspects an apparatus for abating e?Iuent 
from an electronic device manufacturing system is provided, 
including a pump adapted to couple to a processing chamber 
and adapted to draW e?Iuent from the processing chamber; a 
reaction chamber coupled to the pump and adapted to receive 
the e?Iuent from the pump; and a turbine coupled to the 
reaction chamber and adapted to be driven by combustion 
gases from the reaction chamber. The turbine is adapted to 
generate poWer Which is applied to operate the pump. 
[0014] Numerous other aspects are provided in accordance 
With these and other aspects of the invention. Other features 
and aspects of the present invention Will become more fully 
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apparent from the following detailed description, the 
appended claims and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram depicting and example 
embodiment of a cogeneration abatement system in accor 
dance with the present invention. 
[0016] FIG. 2 is a ?owchart depicting an example method 
of using cogeneration in the abatement of e?luent from an 
electronic device manufacturing system in accordance with 
the present invention. 

DETAILED DESCRIPTION 

[0017] The manufacturing of electronic devices typically 
includes numerous processing steps. In any number of these 
processing steps, different chemicals are used as inputs, and a 
variety of chemical products are output in e?luent streams, 
many of which may be haZardous. To minimiZe the release of 
such haZardous products into the environment, the e?luent 
streams are abated in one or more treatment processes. 

[0018] Since abatement is an added cost from the point of 
view of an electronic device manufacturer, attempts are made 
to minimiZe the cost of operations (COO) of abatement sys 
tems by increasing energy e?iciency, improving equipment 
reliability, reducing material input requirements, decreasing 
equipment footprint, etc., while adhering to strict safety 
guidelines and/or regulations (e.g., ESH criteria). 
[0019] Furthermore, because electronic device manufac 
turers have differing abatement needs according to the manu 
facturing processes they employ, abatement systems that are 
adaptable to such differing needs are more desirable than less 
?exible systems. More speci?cally, it may be more desirable 
to use one type of abatement component, such as a cyclone, 
within a particular system con?guration, while another type 
of abatement component, such as an electrostatic precipitator, 
may be preferred in other system con?gurations. Therefore, 
an abatement system that can accommodate different modu 
lar components on an as-needed basis would be desirable. 

[0020] The present invention provides apparatus and meth 
ods that allow improved performance and reduced cost of 
operations (COO). In one embodiment, the present invention 
provides an abatement apparatus having dual reactor cham 
bers that heat e?luent streams to a high temperature, with 
each reactor chamber coupled to a cooling chamber. The 
cooling chambers feed into a plenum adapted to ef?ciently 
transfer energy from the ef?uent streams exiting the cooling 
chambers. The apparatus of the present invention is designed 
to couple to a variety of modular downstream components 
(‘modular components’) including: blowers, cyclones, 
mechanical solids trapping systems, co-generators (e.g., low 
pressure steam energy recovery device), water scrubbers, 
cooling towers, acid gas scrubbers, liquid scrubbers, etc. 
[0021] An abatement system including the inventive appa 
ratus and modular components may include a control system 
having sensors and one or more processing devices adapted to 
receive data related to processes in operation, and to control 
the various components of the abatement apparatus and sys 
tem, and, in particular, to adapted operation of non-modular 
components of the abatement system to modular components 
coupled to the abatement system. For example, the control 
system may be adapted to reduce humidity in the e?luent 
streams to prevent corrosion, regulate temperature to enable 
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energy recovery at lower temperatures, and otherwise control 
components to achieve savings in cost of operations. 

[0022] The present invention further provides a cogenera 
tion abatement system for electronic device manufacturing. 
In some embodiments, a turbine powered by the combustion 
of e?luent in a reaction chamber is used to generate electricity 
to power pumps used to move the e?luent into the reaction 
chamber. Combustion of the e?luent stream may include 
burning gases such as, for example, H2, silane, methane, 
ammonia, ?ammable PFCs, and/or any combination ?am 
mable waste products emitted from an electronic device 
manufacturing processing chamber. The turbine may be used 
to generate electricity to power the pumps but may also or 
alternatively be used for other useful purposes. In some 
embodiments, in addition to or as an alternative to turbines, 
other devices such as ceramic turbines, metal turbines, micro 
turbines, steam turbines, impulse turbines, reaction turbines, 
and/or combustion fumaces may be used to convert the 
energy from the combustion of the e?luent into a more useful 
form, e.g., electricity and/or heat. 
[0023] Turning to FIG. 1, a cogeneration abatement system 
100 for electronic device manufacturing is depicted. The 
system 100 is adapted to receive a waste ef?uent stream from 
one or more processing chambers 102. As indicated above, 
the waste e?luent may include gases such as, for example, H2, 
silane, methane, ammonia, ?ammable PFCs, and/ or any com 
bination ?ammable waste products emitted from an elec 
tronic device manufacturing processing chamber 102. The 
e?luent stream may be drawn from the processing chamber 
102 by one or more pumps 104 arranged in parallel as shown, 
or in some embodiments, the pumps may be disposed in other 
arrangements, such as in serial or in a combination of parallel 
and serial. 

[0024] As indicated in FIG. 1, the pumps 104 move the 
e?luent from the processing chamber 102 into the reaction 
chamber 106 where the ef?uent is incinerated. Details of 
suitable thermal reaction chambers may be found in US. 
patent application Ser. No. l0/987,92l, ?led Nov. 12, 2004 
which is hereby incorporated herein by reference. The result 
ing thermally abated ef?uent falls into a common sump res 
ervoir 108 disposedbelow the reaction chamber 106.A scrub 
ber 110 (e.g., a water scrubber) may be used to complete the 
abatement process or at least further abate the ef?uent before 
the scrubbed e?luent is passed on for additional processing. 

[0025] The reaction chamber 106 may be coupled to a 
power/fuel supply, a reagent supply, and a cooling supply (not 
shown). The fuel supply, the reagent supply, and the coolant 
supply, may each be connected to the reaction chamber 106 
via conduits which may each include ?owmeters. Any suit 
able ?owmeters may be used. Various sensors for monitoring 
the system 100 may also be coupled to the reaction chamber 
106. 

[0026] The present invention makes use of the combustion 
gases from the reaction chamber 106 to drive one or more 
turbines 112 to generate power to drive the pumps 104. In 
some embodiments, the power generated by the turbines 112 
may be used for other purposes. For example, the power from 
the turbines 1 04 may be used to pre-heat the e?luent stream or 
to reduce the humidity of the ef?uent stream. A controller (not 
shown) may be coupled to one or more of the processing 
chamber 102, the pumps 104, the reaction chamber 106, the 
reservoir 108, the scrubber 110, the supplies, the meters, and 
the sensors. 
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[0027] In operation, the processing chamber 102 may be 
adapted to perform, and may perform, various processes to 
manufacture (e. g., fabricate) electronic devices. The pro 
cesses may be performed in the process chamber 102 at a 
pressure less than an ambient pressure (e.g., about one atmo 
sphere (atm), etc.). For example, some processes may be 
performed at pressures of about 8 to about 700 milli-torr 
(mTorr), although other pressures may be used. To achieve 
such pressures the pumps 104 may remove ef?uent (e. g., gas, 
plasma, etc.) from the process chamber 102. 
[0028] Chemical precursors (e.g., SiH4, NF3, CF4, BCl3, 
etc.) of the e?luent being removed by the pumps 104 may be 
added to the process chamber 102 by a variety of means. For 
example, the chemical precursors may be ?oWed to the pro 
cess chamber 102 via a ?uid line from a chemical delivery 
unit. 
[0029] The e?luent may be carried from the process cham 
ber 102 to the reaction chamber 106. More speci?cally, the 
pumps 104 may remove the ef?uent from the process cham 
ber 102 and move the ef?uent to the reaction chamber 106. 
The reaction chamber 106 may be adapted to attenuate the 
undesirable, dangerous or haZardous material in the e?luent 
by combusting the e?luent using the fuel supply, reagent 
supply, and/or cooling supply. The combustion gases may be 
fed to the turbines 112 Which convert the energy in the com 
bustion gases into more easily harnessed energy such as elec 
tricity and/or mechanical energy. In some embodiments for 
example, electricity generated by the turbines 112 may be 
used to help poWer the pumps 104. 
[0030] Turning to FIG. 2, a ?owchart depicting an example 
method 200 of using co generation in the abatement of e?luent 
from electronic device manufacturing is depicted. In Step 
202, a process chamber is operated to manufacture an elec 
tronic device. In Step 204, chemical precursors are added to 
the process chamber as part of the manufacturing process. In 
Step 206, ef?uent is pumped from the process chamber into a 
reaction chamber. In Step 208, fuel is added to the e?luent 
pumped into the reaction chamber. In Step 210, the e?luent 
and fuel are incinerated in the reaction chamber. In Step 212, 
the combustion gases generated by incinerating the e?luent 
and fuel are directed to drive a turbine. In Step 214, electricity 
is generated from the driven turbine. In Step 216, the pump 
moving ef?uent from the process chamber is poWered (at least 
partially) using the electricity from the turbine. 
[0031] The foregoing description discloses only exemplary 
embodiments of the invention. Modi?cations of the above 
disclosed apparatus and method Which fall Within the scope of 
the invention Will be readily apparent to those of ordinary skill 
in the art. For instance, the turbines may be adapted to 
mechanically drive the pumps directly. 
[0032] Accordingly, While the present invention has been 
disclosed in connection With exemplary embodiments 
thereof, it should be understood that other embodiments may 
fall Within the spirit and scope of the invention, as de?ned by 
the folloWing claims. 

The invention claimed is: 
1. A system for electronic device manufacturing compris 

ing: 
a processing chamber; 
a pump coupled to the processing chamber and adapted to 

draW ef?uent from the processing chamber; 
a reaction chamber coupled to the pump and adapted to 

receive the e?luent from the pump; and 
a turbine coupled to the reaction chamber and adapted to be 

driven by combustion gases from the reaction chamber, 
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Wherein the turbine is adapted to generate poWer Which is 
applied to operate the pump. 

2. The system of claim 1 Wherein the processing chamber 
is adapted to use at least one pre-cursor. 

3. The system of claim 2 Wherein the precursor includes at 
least one of SiH4, NF3, CF4, and BCl3_ 

4. The system of claim 1 Wherein the processing chamber 
includes a plurality of processing chambers. 

5. The system of claim 1 Wherein the pump includes a 
plurality of pumps. 

6. The system of claim 5 Wherein the plurality of pumps are 
arranged in parallel. 

7. The system of claim 1 Wherein the ef?uent includes at 
least one of H2, silane, methane, ammonia, and ?ammable 
PFCs. 

8. The system of claim 1 Wherein the turbine includes at 
least one of a ceramic turbine, a metal turbine, and a micro 
turbine. 

9. An apparatus for abating e?luent from an electronic 
device manufacturing system comprising: 

a pump adapted to couple to a processing chamber and 
adapted to draW ef?uent from the processing chamber; 

a reaction chamber coupled to the pump and adapted to 
receive the ef?uent from the pump; and 

a turbine coupled to the reaction chamber and adapted to be 
driven by combustion gases from the reaction chamber, 

Wherein the turbine is adapted to generate poWer Which is 
applied to operate the pump. 

10. The apparatus of claim 9 Wherein the processing cham 
ber is adapted to use at least one pre-cursor. 

11. The apparatus of claim 10 Wherein the precursor 
includes at least one of SiH4, NF3, CF4, and BCl3_ 

12. The apparatus of claim 9 Wherein the processing cham 
ber includes a plurality of processing chambers. 

13. The apparatus of claim 9 Wherein the pump includes a 
plurality of pumps. 

14. The apparatus of claim 9 Wherein the plurality of pumps 
are arranged in parallel. 

15. The apparatus of claim 9 Wherein the ef?uent includes 
at least one of H2, silane, methane, ammonia, and ?ammable 
PFCs. 

16. The apparatus of claim 9 Wherein the turbine includes 
at least one of a ceramic turbine, a metal turbine, and a micro 
turbine. 

17. A method of abating ef?uent from an electronic device 
manufacturing system comprising: 
pumping e?luent from a processing chamber to a reaction 

chamber; 
combusting the ef?uent in the reaction chamber; 
driving a turbine With combustion gases from the reaction 

chamber; 
generating poWer from the turbine; and 
applying the poWer generated by the turbine to operate the 
pum . 

18. The method of claim 17 further including ?oWing a 
pre-cursor into the processing chamber and Wherein the pre 
cursor includes at least one of SiH4, NF3, CF4, and BCl3_ 

19. The method of claim 17 Wherein pumping e?luent from 
a processing chamber includes pumping e?luent from a plu 
rality of processing chambers. 

20. The method of claim 17 Wherein pumping e?luent from 
a processing chamber includes operating a plurality of 
pumps. 

21. The method of claim 17 Wherein pumping e?luent 
includes pumping e?luent that includes at least one of H2, 
silane, methane, ammonia, and ?ammable PFCs. 

22. The method of claim 17 Wherein driving a turbine 
includes driving at least one of a ceramic turbine, a metal 
turbine, and a micro turbine. 

* * * * * 


