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I. Introduction to the Agreement

A. Project Signatories

The Project Signatories to this Final Project Agreement (FPA or Agreement) are the International
Business Machines Corporation (IBM), Essex Junction Facility, located in Essex Junction Vermont, the
U.S. Environmental Protection Agency (EPA), and the Vermont Department of Environmental
Conservation (VTDEC).  All of those listed are referred to collectively as “Project Signatories;” the
regulatory agencies mentioned above are referred to collectively as “the Agencies.”

B. Purpose of the XL Program

This FPA states the intentions of the Project Signatories to carry out a pilot project as part of EPA’s
“Project XL,” which tests innovative approaches to environmental protection.  Project XL is an EPA
initiative to test the extent to which regulatory flexibility, and other innovative environmental approaches,
can be implemented to achieve both superior environmental performance and reduced economic and
administrative burdens.  (See 60 FR 27282) 

C. Purpose of this FPA

This FPA is a joint statement of the Project Signatories’ plans and intentions with respect to the IBM
Copper Metallization XL Project (IBM XL Project).  This FPA outlines the details of how this project
will be implemented and measured and sets forth the regulatory flexibility that is necessary to implement
this project.  Specifically, IBM proposes that EPA exempt the copper metallization process rinsewaters
and resultant wastewater treatment sludge from consideration as an F006 waste through a site-specific
rulemaking.

This FPA sets forth the plans of the Project Signatories and represents the firm commitment of each
Project Signatory to support the XL process, to implement the necessary regulatory flexibility in a
timely fashion and to follow the terms of this FPA.  This FPA is not, however, intended to create legal
rights or obligations and is not a contract, a final agency action, or a regulatory action such as a permit
or a rule.  This FPA does not give anyone a right to sue the Project Signatories for any alleged failure to
implement its terms, either to compel implementation or recover damages.

This FPA and materials relating to this project are available on the Project XL Web Site at
www.epa.gov/projectxl .

D. List of Project Contacts

IBM
Jay M. Dietrich
Mail Stop 966A
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IBM
Essex Junction, VT  05452
Telephone:  802-769-4046
e-mail:  jdietric@us.ibm.com

US EPA NEW ENGLAND
John Moskal
Office of Assistance and Pollution Prevention (SPP)
One Congress Street (10th floor)
Boston, Massachusetts  02203
Telephone: 617-918-1826
e-mail:  moskal.john@epa.gov

STATE OF VERMONT
Vermont Department of Environmental Conservation
Paul Van Hollebeke
103 South Main Street
Waterbury, VT  05671
Telephone: 802-241-3629
e-mail: paulv@dec.anr.state.vt.us

US EPA HEADQUARTERS
Chad Carbone
1200 Pennsylvania Avenue NW
MC: 1802
Washington, DC 20460
Telephone: 202-260-4296
e-mail: carbone.chad@epa.gov

II. Description of the Project

IBM is proposing that EPA exempt the copper metallization process rinsewaters and resultant
wastewater treatment sludge from consideration as an F006 waste through a site-specific rulemaking. 
Details regarding the proposed exemption and resultant environmental benefits are described below.

IBM Essex Junction, Vermont, is a semiconductor manufacturing facility located in Chittenden County
near Burlington, Vermont.  The facility property encompasses approximately 735 acres which are
divided by the Winooski River and connected by a company-owned bridge.  The manufacturing facility
is located on approximately 243 acres which lie west of the Winooski River in the Town of Essex and
the Village of Essex Junction.  The remaining 492 acres are located east of the river in the Town of
Williston and contain non-manufacturing buildings.    

The facility encompasses 3.6 million square feet of which 627,000 square feet are dedicated to
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semiconductor manufacturing operations.  There are approximately 7,500 IBM employees and 1,500
contractor employees working at the site.  The facility manufactures and tests semiconductor memory
and logic devices through a complex, multi-step manufacturing process.  

IBM has recently developed an innovative copper metallization process to create electrical
interconnections between device levels for new semiconductor technologies which replaces the
Aluminum Chemical Vapor Deposition process, a dry process, used in previous generation
semiconductor device technologies.  EPA currently considers IBM’s process a traditional
“electroplating” process for purposes of RCRA.  Under current regulations promulgated pursuant to the
Resource Conservation and Recovery Act (RCRA), sludges or solids created from the treatment of
wastewaters which include rinsewaters generated from an electroplating process, carry the F006 listing
(40 CFR 261.31).  IBM’s new process results in the generation of copper plating rinsewaters which
are combined with the other process wastewaters generated at the facility and treated in a wastewater
treatment unit.  This treatment, in turn, generates sludge that is currently managed under RCRA as F006
waste.  

IBM maintains that the F006 classification artificially inflates the company’s figures for hazardous waste
generation, fails to provide any additional environmental protection, and increases paperwork and
reporting burdens.  The expected volume of rinsewater generated from the copper metallization process
of 2,000 - 3,000 gallons per day by 2002 is mixed with an additional 4.1 million gallons per day
(expected to be 5 million gallons per day by the end of 2000) of process wastewaters generated at the
facility.   Thus, by virtue of commingling the relatively insignificant volume of rinsewater from the copper
metallization process with the much greater volume of other wastewaters, all of the sludge generated by
the wastewater treatment plant is then treated as F006 hazardous waste.

This commingling, however, has increased IBM’s reported non-remediation hazardous waste
production by 170% per year, from 2.14 million pounds to 5.78 million pounds (1999 actuals), and
waste management costs by $3,500 per year with little or no environmental benefit.  A segregated
waste treatment system that would prevent the mixing of the copper bearing rinsewater with general
influent is currently cost prohibitive.  Such a system would require an initial capital investment of
$200,000 - $350,000 and have annual operating costs of $25,000 - $50,000. 

In addition, it appears that the source documents for the F006 listing focused on much different
industrial processes than IBM’s copper metallization process, and perhaps most importantly, the
chemicals used in IBM’s process do not contain any of the contaminants listed in Appendix VII of 40
CFR 261 which are the focus of the original F006 definition.  IBM has also conducted analyses of the
plating bath and rinsewater that do not show the presence of any materials of concern, including those
listed in 40 CFR 261 Appendix VII as the basis for the F006 listing, that would cause the resultant
sludge to be considered hazardous (See Appendix A for data).  The exemption proposed by IBM as
part of this project will not apply, however, to the spent plating bath which will continue to be drummed
and disposed of as required by RCRA regulations, and which will not be discharged to the IBM
wastewater treatment plant.  

Project XL offers the opportunity for the Agency to test its belief that this innovative process should be
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encouraged as one that is environmentally superior to existing technologies and to consider the
appropriate regulatory status of the wastes from this technology before it is adopted by similar
manufacturing facilities.  Further, this XL project offers EPA the opportunity to test a different approach
to re-evaluating whether a specific wastestream is appropriately subject to regulatory controls as a
listed waste.  

The existing mechanism for removing a waste from a listing on a site-specific basis is through a
“delisting” petition under 40 CFR 260.22.  However, the delisting approach is not the most suitable for
the situation at the IBM Vermont facility because the scope of the listing itself is at issue.  If IBM
submitted a delisting petition, EPA would evaluate the hazardous nature of the entire wastewater
treatment sludge (which is the wastestream that actually carries the F006 listing) rather than only that
portion which is contributed by the copper metallization process.  EPA generally prefers a delisting
approach in most circumstances; it is, generally, a better approach for determining the hazardous nature
of the actual waste material and whether the waste should be removed from the hazardous waste
management program.  In this instance, however, because the Agency wants to test whether IBM’s
copper metallization process should be included within the scope of the F006 listing, the Agency
believes an evaluation of the “production side” of the sequence of operations that results in the
wastewater treatment sludge would be more useful.  Specifically, because the wastewater treatment
sludge is considered hazardous due to an “upstream” production unit meeting the narrative description
of an electroplating operation, the Agency believes it is more appropriate to evaluate the upstream
production unit to determine whether the hazardous waste listing on the “downstream” wastewater
treatment sludge is warranted.  Therefore, the Agency will focus on the key parameters on the
production side (in this case, the innovative design and operation of the copper metallization process) to
make a determination of the regulatory status of the materials generated on the waste management side
(in this case, the wastewater treatment sludge).  This XL project therefore represents an opportunity for
EPA to explore a different approach to determining whether a waste (in this case, one resulting from an
innovative process) should continue to be subject to a hazardous waste listing.  In other words, this
approach may be considered another “tool” for the Agency to use in “fine tuning” the hazardous waste
listings so that the narrative description of a listed waste appropriately delineates between those wastes
that pose a risk to human health and the environment from those wastes (which arguably are generated
by very similar processes) that do not pose such a risk. 

In addition, this innovative metallization process is environmentally superior to the old process it
replaces, i.e., the aluminum chemical vapor deposition process.  Not only is the metallization process
30 to 40% more energy efficient than the old process and the chips produced are approximately 25%
more energy efficient, there are also environmental benefits realized by discontinuing the use of the old
process.  While the metallization process generates a wastewater stream (and subsequent sludge from
the treatment of that wastewater) that was not inherent to the aluminum chemical vapor deposition
process, the old vapor deposition process entailed a cleaning step that used perfluorinated compounds
(PFCs), which are global warming gases.  Thus, by replacing the old process with the metallization
process, 10,000 metric tons of carbon equivalent (MTCE) of global warming gases will not be emitted
to the air.   However, it should be noted that, due to the nature of the materials and components
involved in the semiconductor manufacturing process, vapor deposition of aluminum cannot be
completely eliminated from the production line, nor can the subsequent cleaning steps.  However, the
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number of cleaning steps requiring the use of PFCs has been significantly reduced.  This approach is
consistent with other “Design for Environment” and pollution prevention efforts encouraged by EPA
whereby regulated entities are encouraged to design their processes for minimal environmental impact
by using such methods as product substitution or source reduction.  IBM’s process has been developed
to maximize the efficient use of the copper metal and minimize the release of the materials into the
wastewater system while largely eliminating the use of PFC’s for chamber cleaning operations
necessary in the old aluminum chemical vapor deposition process.

From a public policy standpoint, it would not serve to encourage manufacturers to employ less-
hazardous or more environmentally friendly and innovative production processes and ingredients in
manufacturing operations if the Agency is unwilling to revisit existing hazardous waste listings to
determine if the wastes resulting from such innovative process changes still warrant a hazardous waste
listing.  This XL project offers EPA the opportunity to consider proactively the appropriate regulatory
status of the wastewater treatment sludges generated from an innovative production process before it is
widely used and commonplace and may serve as a precedent for other listed wastestreams.  Just as it is
important to ensure that those wastes that can pose significant risk to human health and the environment
are properly controlled and managed, it is also important to not needlessly subject wastes that do not
pose such risks to the same type of regulatory oversight.

The successful completion of this XL Project, and the removal of the F006 code on the sludge, will
allow IBM to investigate a potential opportunity to recycle the sludge for a beneficial use.  IBM may be
able to provide the sludge to a cement kiln as feedstock in its process.  IBM  has begun discussions
with a cement kiln about using the wastewater treatment sludge as a feedstock to the cement
production process.  The sludge characteristics appear to make it amenable for use in the process. 
However, because the sludge is categorized as a F006 waste, the cement kiln will not consider it for
use in its process.  Completion of the project  would allow IBM to further investigate the environmental
benefits associated with such reuse and pursue discussions with the cement kiln regarding potential
utilization of the IBM sludge.  Reutilization of the sludge has conservatively estimated disposal cost
savings of $60,000 per year.

Finally, IBM has asked that EPA recognize the channeling of IBM’s cost savings to supplement its
additional voluntary effort to reduce greenhouse gas emissions through the introduction of an alternate
process chemistry in its chamber cleaning processes to remove silicon dioxide deposits as a significant
environmental benefit.  This applies to continuing operations where silicon oxide layers are deposited on
chips to insulation between chip layers.  IBM is investing an additional $2.0 million at its Burlington
semiconductor manufacturing facility to significantly cut greenhouse gas emissions from its chamber
cleaning process, which accounts for the majority of the facility’s overall greenhouse gas emissions. 
IBM is voluntarily taking this action well ahead of any regulatory requirements.  In addition, IBM is also
a party to a Memorandum of Understanding negotiated in 1996 between the EPA and 21 other
semiconductor manufacturers under which the parties agreed to study pollution prevention and recycling
methodologies and propose the most efficient and cost effective manner by which to reduce mass
emissions of greenhouse gases.  IBM’s actions are well ahead of any requirements in the MOU, as well
as any actions taken by other semiconductor manufacturers.
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In summary, IBM is seeking a site-specific exemption for its copper metallization process that will
provide for the declassification of the resultant wastewater treatment sludge from the F006 hazardous
waste listing.  The conversion to this process results in the minimization of the need to clean chambers
using PFC’s by reducing the aluminum metal layers to one or two, along with significant energy savings. 
In addition, IBM has asked that EPA recognize its additional, voluntary effort to reduce greenhouse gas
emissions in its remaining silicon dioxide chamber cleaning processes as a significant environmental
benefit.

III. How the Project Will Meet the Project XL Acceptance Criteria

A.   Environmental Benefits

Several benefits will result directly from the site-specific exemption for the copper metallization process. 
These benefits include a reduction in the quantity of waste defined as hazardous generated by the IBM
Burlington facility; the minimization of the use of PFCs, which are greenhouse gases, used as chamber
cleaning compounds in the previous generation aluminum chemical vapor deposition process, and a
decrease in the IBM, State of Vermont, and EPA administrative requirements due to the elimination of
the need to receive export permission and process United States hazardous waste manifests for the
shipment of sludge to the Stablex facility in Quebec, Canada.  It will also rationalize the RCRA F006
listing process as it applies to this situation, which will provide for more sensible and accountable
regulation - a key goal of Project XL. 

Perhaps the most notable benefit to this XL project is that it highlights and promotes a new process -
copper metallization - which has the potential to impact the electronics industry in profound ways.  This
new process is approximately 30-40% more energy efficient than the previous one, minimizes PFC
usage for chamber cleans by eliminating all but one or two of the aluminum vapor deposition steps as
described above, and produces a chip that is approximately 25% more energy efficient than its
predecessor.  If this process is eventually utilized by other semiconductor facilities, the results of this
project may encourage more efficient production methods with corresponding reductions in waste
generation per unit output, as well as other benefits associated with energy efficiency such as natural
resource conservation, air quality improvements, and decreased impact on climate change.  

IBM will also attempt to meet a project goal, defined in Section V.A.2, of further voluntary greenhouse
gas reductions from its other chamber cleaning operations which do not use the copper metallization
process.  EPA also recognizes that IBM’s  additional efforts to reduce emissions of greenhouse gases
from the chamber cleaning processes for removal of silicon dioxide and metal deposits as an
environmental benefit associated with this project.  IBM has independently developed alternative
chamber cleaning processes, one using a reduced flow C2F6 (the primary PFC used for chamber
cleaning) and the other using dilute Nitrogen Trifluoride (NF3), to clean silicon dioxide and metal coated
tooling chambers.  IBM expects that these changes will help reduce the overall global warming gas
emissions at the Burlington manufacturing facility by approximately 40% (normalized to production) in
the year 2002 when measured against the 1995 base year emissions despite significant, real and
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projected, increases in manufacturing output between 1995 to 2002.  This work is also slated to be
done at other IBM semiconductor manufacturing sites through the year 2002. 

B. Cost Savings and Paperwork Reduction

Granting an exemption for the copper metallization process and the resulting declassification of the
wastewater treatment sludges results in reduced costs and administrative burdens to IBM, EPA and
VTDEC.  Specifically:

1.  IBM expects to see operational savings of $100,000 to $200,000 per year when the conversion to
the copper metallization process is complete.  The sources of these savings include reduced material
costs (e.g., PFCs), and energy savings.

2.  IBM currently has an exemption from the VT hazardous waste tax that saves them approximately
$225,000.00 per year.  Completion of this project would make those savings permanent.

3. The exemption will shorten IBM’s annual RCRA report by not requiring information on the
wastewater treatment sludges. 

4. IBM would not be required to file an annual “Request for Export of Hazardous Waste” to Canada
for its wastewater treatment sludge.   Administrative costs associated with the preparation of the
application and necessary follow-up to assure that the application is being processed expeditiously
would be saved.  In addition, EPA will not have to process and track the Request for Export resulting
in some manpower savings to EPA.

5. IBM would not be required to prepare United States hazardous waste manifests for each shipment
of sludge from the wastewater treatment plant.  Administrative costs associated with preparation,
tracking and close-out of a RCRA hazardous waste manifest for this sludge would be eliminated. 
Estimated costs savings here are approximately $3,500/year.   Similar savings will be accrued by the
State of Vermont. 

6.  IBM has been reviewing options to send its sludge to a cement kiln to serve as a feedstock to the
cement manufacturing process.  The sludge has a percentage of active lime which can be used
beneficially in the cement manufacturing process.  By using the sludge as a cement feedstock, the sludge
disposal costs will be reduced by a conservative estimate of approximately $60,000.  Use of the sludge
as a feedstock to the cement manufacturing process will eliminate the need to send the material for
disposal at a secure disposal facility and put it to beneficial use.

While the cement manufacturer is interested in using the IBM sludge in its process, they are unwilling to
evaluate the material in detail as long as the sludge carries an F006 listing.  Successful completion of this
project XL will allow IBM to pursue the beneficial reuse of the sludge material. 

C. Stakeholder Involvement and Support
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IBM has solicited input on this project from a wide range of stakeholders including local and national
environmental groups, neighborhood associations, and industry trade associations.  They have been
notified of this project by direct mail, telephone, and notification in the local press.  IBM continues to
pursue additional stakeholders and ongoing information is available from the project contacts listed in
Section I.D, as well as EPA’s website.

In addition, IBM  has conducted a series of meetings with additional stakeholders who have agreed to
serve as commenters for this project. They have been briefed on the proposal, and are supportive of
the project as described.  The State of Vermont also supports the project and is a Project Signatory to
this Agreement.  Stakeholder meetings were held at the IBM facility on February 17 and March 24,
2000.

IBM will also provide future project information to relevant stakeholders as described in Section V.C,
“Project Tracking and Evaluation.”

D. Innovation and Pollution Prevention

IBM’s process has been developed to maximize the efficient use of the copper metal and minimize the
release of the materials into the wastewater system while largely eliminating the use of PFC’s for
chamber cleaning operations necessary in the old aluminum chemical vapor deposition process.  The
copper metallization process is also approximately 30 - 40% more energy efficient, and produces a
chip that is approximately 25% more energy efficient than its predecessor.  IBM’s additional efforts at
greenhouse gas reductions are expected to achieve a 40% overall reduction in facility greenhouse gas
emissions when normalized to production.

E. Transferability

There are a number of chip manufacturing facilities in the US currently implementing or evaluating the
copper metallization process, and the implementation of this XL Project might create an incentive for
others to use the process.  If this were to be the case, the ripple effect of the environmental benefits
associated with numerous other semiconductor manufacturers switching to this type of process could be
quite significant. 

F. Feasibility

IBM has the financial capability, personnel, and senior management commitment necessary to
implement the elements of this XL Project.

The Agencies, by signing this FPA, agree to support the project, subject to any public review
procedures necessary to implement the legal mechanism for the Project.

G. Shifting of Risk Burden
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This project does not result in a transfer of risk.  In fact, adoption of the copper metallization process
removes some environmental risks by largely eliminating the use and subsequent emissions of PFC’s in
the process it replaces, thereby removing an estimated 10,000 MTCE of greenhouse gas emissions
from IBM’s facility.  In addition IBM is agreeing to additional voluntary greenhouse gas reductions of
51,000 MTCE when adjusted for production, using 1995 as a base year, from its silicon dioxide
cleaning chambers as a part of this project.  Finally, any risks associated with the process, the treatment
of the rinsewaters, and the management of the sludge are minimal.

IV. Requested Flexibility and Implementing Mechanisms

A. Requested Flexibility

IBM has proposed that EPA exempt IBM’s wastewater treatment sludge produced from its copper
metallization process for semiconductor manufacture from the F006 definition (40 CFR 261.31)
through a site-specific rulemaking.  Through this proposal, IBM seeks to exempt the manufacturing
process -- specifically copper metallization -- rather than delisting the wastewater treatment sludge,
which would normally occur through EPA’s delisting process under 40 CFR 260.22. 

The F006 RCRA listing states, “Wastewater treatment sludges from electroplating operations except
from the following processes: (1) sulfuric acid anodizing of aluminum; (2) tin plating on carbon steel; (3)
zinc plating (segregated basis) on carbon steel; (4) aluminum or zinc-aluminum plating on carbon steel;
(5) cleaning/stripping associated with tin, zinc, and aluminum plating on carbon steel; and (6) chemical
etching and milling of aluminum” are F006 wastes. The reach of this listing is further defined by the
“Development Document for Existing Source Pretreatment Standards for the Electroplating Point
Source Category” (August 1979) and documented hotline and compendium determinations. 

The copper metallization process discussed in this FPA is very different than the electroplating that was
performed twenty years ago, when the regulations were initially conceived.  This process does not
involve plating baths of thousands of gallons which carry over significant amounts of plating solutions
(dragout) into the rinsewaters, resulting in large amounts of toxic metals in the wastewater treatment
sludges.  In contrast, each tool that IBM uses for the copper metallization process contains one 40
gallon plating bath each and the amount of dragout from the plating bath is nominal.  Estimated dragout
from the copper plating bath is approximately 3.5 grams of solution per wafer.  The specific gravity of
the plating solution is 1.001 and as a result the volume of plating solution dragout is approximately 3.5
ml.  Each wafer is then rinsed with approximately 0.5 - 0.7 gallons (2,307 ml) of water.  Perhaps most
importantly, according to tests conducted by IBM, the chemicals used in IBM’s process do not contain
any of the contaminants, listed in Appendix VII Part 261 (Basis for Listing Hazardous Waste), which
were the focus of the original F006 definition.  IBM’s analysis of the plating bath and rinsewaters from
this process are included in Appendix A.

During the five-year life of this XL Project, IBM will submit data as discussed more fully in Section V
of this Agreement, that will determine the appropriateness of the site-specific exemption.  EPA notes
that the adoption of an exemption from the F006 listing in the context of this XL project does not signal
EPA’s willingness to adopt that exemption as a general matter or as part of other XL projects.  It
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would be inconsistent with the forward-looking nature of these pilot projects to adopt such innovative
approaches prematurely on a widespread basis without first determining whether or not they are viable
in practice and successful in the particular projects that embody them.  Furthermore, as EPA indicated
in announcing the XL program, EPA expects to adopt only a limited number of carefully selected
projects.  These pilot projects are not intended to be a means for piecemeal revision of entire
programs.  Depending on the results obtained from this project, EPA may or may not be willing to
consider adopting this F006 exemption either generally or for other specific facilities.

Should IBM significantly change the process in any way that should cause the sludge to be reclassified
as F006 waste by introducing any materials listed as the basis for the F006 listing in 40 CFR 261
Appendix VII, IBM will promptly notify EPA and VTDEC of such a change and the exemption will be
removed.

B. Legal Implementing Mechanisms

The legal implementing mechanism for this XL Project will be a site-specific rule which will provide a
site-specific exemption of the wastewater treatment sludge produced from IBM’s copper metallization
process from 40 CFR 261.31.   The exemption will be listed in 40 CFR 261.4(b) (i.e., “Solid wastes
which are not hazardous wastes”).  The Agency considered a modification to the F006 listing
description in the table in 40 CFR 261.31(a), adding the copper metallization process at the IBM
Vermont facility to the list of plating operations that are not intended to be subject to the listing. 
However, because the exemption will have a number of conditions that the IBM facility must follow to
ensure that this XL project is protective of human health and the environment throughout the term of the
project and to provide the information and data the Agency will use to consider whether the regulatory
exemption should be incorporated into the national program, the Agency prefers placing the exemption
language in 40 CFR 261.4(b).  Regardless of where EPA chooses to place the exemption language in
the regulations (261.31(a) or 261.4(b)), the legal effect of the exemption will be the same.  EPA
expects that should the exemption of the copper metallization process from the F006 listing be
incorporated into the national program, EPA would then modify the listing description in 40 CFR
261.31(a).

IBM cannot benefit from this exemption until VTDEC promulgates a conforming state site-specific rule.

V. Discussion of Intentions and Commitments for Implementing the Project

A. IBM’s Intentions and Commitments

1.  IBM must support their request for an exemption with all necessary and relevant analytical data. 
See Section V.C.

2.  Given the complete conversion of the specified chamber cleaning processes to the low flow C2F6 or
dilute NF3 process, IBM Burlington will attempt to meet a project goal for a reduction in its facility
global warming gas emissions of 40% by year end 2002, when adjusted for production against a 1995



1IBM has approached its global warming gas emission reduction efforts in two phases.  The first phase
involved the optimization of the C2F6 chamber clean process, which resulted in emission reductions of 40-50% from
the original process.  The second phase has been the development of the NF3 chamber clean process which achieves
emission reductions of 95- 97%.  IBM has had excellent success in qualifying the NF3 chamber clean process for
silicon oxide deposition on both the AME and Novellus toolsets.  Other processes are proving more difficult due to
problems with maintainability of the equipment.  In such cases, IBM will work to convert the cleaning process to the
low flow C2F6 where it has not already been done.
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base year.  The methodology by which the extent of the reduction will be demonstrated and
documented is included as Appendix B.  This methodology is consistent with that identified in the MOU
between the Semiconductor Industry and EPA that was previously discussed in this FPA.  On the
greenhouse gas portion of the project, IBM will target having all of the Novellus and AMAT silicon
deposition tools converted to the new low flow C2F6 or NF3 process by the end of CY 2003.1

Tool conversions can be gated by tool availability, as qualification of the NF3 chamber cleaning process
can take two to three months during which the chamber cannot be used for production.  As a result,
IBM has set a project goal for overall greenhouse gas emission reductions through a combination of
implementation of the low flow C2F6 and NF3 chamber clean processes on a schedule which fits the
demands of the fabricator facility.  IBM will provide reports on its emission reductions and chamber
conversions as specified in Section V.C. of this FPA.

3.  In order to achieve the greenhouse gas emission reductions at the facility, IBM will undertake an
effort to convert its chamber clean processes to the low flow C2F6 and NF3 processes where
technically and economically feasible.  As discussed in (2) above, corresponding greenhouse gas
emissions, using 1995 as a base year, are expected to decrease by 40 % by year end 2002 when
normalized to an expected 36% increase in production, and decreased by 17.5 % in absolute terms. 
1995 emissions totaled 93,000 MTCE.  Accounting for production increases, projected emissions for
2002 without the low flow C2F6 or NF3 process conversion would be 128,000 MTCE, and could be
77,000 MMTCE with the conversions completed.  

4.  IBM will take periodic samples of the copper plating bath and the copper rinsewater to demonstrate
that they do not contain any concentrations of materials that might otherwise cause the rinsewater and
resultant sludge to be categorized as hazardous, including those that are listed in 40 CFR 261 Appendix
VII as the basis for the F006 listing.  Further, IBM will document its progress in reducing greenhouse
gas emissions through conversion to the copper metallization process and chamber clean processes
discussed above.  IBM will provide analytical data on the plating bath and rinsewaters from the copper
metallization process and document progress towards their greenhouse gas emission reductions in
accordance with paragraph C of this section.  In addition, IBM will continue to comply with it existing
NPDES permit as it pertains to the copper loading effluent concentrations.

5. IBM will establish a project goal to explore environmentally sound recycling options for the ultimate
disposition of the wastewater sludge.  Among the potential options that IBM has initially investigated is
a contract with a cement kiln for ultimate disposition of the sludge.  A sound recycling option will
remove the material from the treatment and disposal process as hazardous waste and move it up the
waste management matrix to a reuse/recycle situation.  This will provide a positive environmental benefit
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and provide some cost savings to the IBM Essex Junction Facility.

B. EPA’s and VTDEC’s Intentions and Commitments

1. EPA intends to propose and issue, subject to applicable procedures and review of public comments,
a site-specific rule amending 40 CFR 261.4(b) that will exempt the wastewater sludge from IBM’s
copper metallization process from 40 CFR Part 261.31.

2. The State of Vermont intends to propose and adopt a site-specific rule that would either incorporate
the Federal IBM XL rule by reference under Section 7-109 of the Vermont Hazardous Waste
Management Regulations, or exempt the wastewater sludge from IBM’s copper metallization process
through a site-specific exemption, contingent on any Federal standards that are adopted, under Section
7-203 of the Vermont Hazardous Waste Management Regulations.

C. Project Tracking, Reporting and Evaluation

For the copper metallization process, IBM will analyze the plating bath and rinsewaters generated from
the copper metallization process.  IBM will continue to handle and dispose of the spent plating bath in
accordance with existing regulations, and acknowledges that the spent plating bath solutions are not
part of this XL Project.   As discussed more fully below, IBM will verify that the plating bath and
rinsewaters do not contain any concentrations of materials that might otherwise cause the rinsewater
and resulting sludge to be categorized as hazardous, including those that are listed in 40 CFR 261
Appendix VII as the basis for the F006 listing.  

In order for IBM to maintain this exemption, IBM will collect, analyze, and submit data on the plating
bath and rinsewaters for the copper metallization project two times per year.  IBM expects that there
will be a total of between six and ten copper metallization tools operating through the end of the XL
project.  These results will be submitted to the EPA, VTDEC, and published on EPA’s website at
www.epa.gov/projectxl for the duration of the project.  The submissions will be by January 15 and July
15 of each year.  The analysis will be conducted to measure for the presence of volatiles, semi-volatiles
and metals using the methods specified in 40 CFR 264 Appendix IX.

In addition, since copper is not listed as a constituent of concern in the basis for the F006 listing, but is a
parameter specified in IBM’s existing National Pollutant Discharge Elimination System (NPDES)
permit, IBM will continue to monitor copper concentrations in its wastewater effluent for conformance
with this permit.  IBM expects that, under full production, the loadings from the plating and mechanical
polishing processes will result in copper effluent concentrations less than 40% of the NPDES permit
limit.  IBM will seek to keep the copper concentrations below 50% of its permit limit for the duration of
the project recognizing that changes in other process steps, treatment performance, and other unforseen
circumstances may affect IBM’s ability to meet this objective.  In all cases, IBM will operate its
wastewater treatment systems to maintain compliance with the NPDES permit requirements.

For the global warming gas reductions IBM will track C2F6 usage and estimate the reduction in
emissions based on the reduction in chemical usage.  IBM will use conversion rates of C2F6 in the clean



13IBM VT XL Project FPA May 2000

steps provided by Sematech to estimate emissions from gas usage.  Sematech is a semiconductor
manufacturing industry association whose environmental subcommittee researched the environmental
fate of certain greenhouse gases used in the semiconductor industry and developed the conversion
factors used in this project.  IBM has estimated that these estimates will be within plus or minus 10% of
the actual performance.

IBM will also use similarly available data for the dilute NF3, the replacement gas for C2F6.  IBM will
use the measured conversion rate of NF3 in the cleaning process, the quantity of NF3 used in the
cleaning process, and the known carbon equivalent potential of the NF3 to calculate the global warming
impact of the revised process.  Details on the specific methodology are provided in Appendix B.

IBM will report the following for the greenhouse gas emission reduction portion of this project:

• Estimated greenhouse gas emissions reported in Metric Tons of Carbon Equivalent (MTCE);
• Estimated greenhouse gas emission reductions in MTCE, both in terms of total mass emitted

and mass emitted normalized to production;
• The number of chambers converted to either the low flow C2F6 or NF3 process during the

reporting period, and the number of chambers remaining to be converted to achieve the facility
goal for global warming gas emission reductions.

Greenhouse gas emissions will be reported in terms of total mass emitted and mass emitted normalized
to production.

These reports are to be issued semi-annually on the 15th of January and July, in conjunction with the
plating bath and rinsewater analysis discussed above.

D. Periodic Review by the Project Signatories

The Project Signatories will hold periodic performance review conferences to assess their progress in
implementing this Project.  No later than thirty (30) days following a periodic performance review
conference, IBM will provide a summary of the minutes of that conference to all Participating
Stakeholders and will also make these minutes available online at www.epa.gov/projectxl.  Any
additional stakeholder comments will be reported to EPA and VTDEC.

E. Duration

This Agreement will remain in effect for 5 years from the date that the final rulemaking (the later of the
EPA or VTDEC rule to be promulgated) becomes effective unless it is terminated earlier or extended
by all Project Signatories.  If the FPA is extended, the comments and input of stakeholders will be
sought and a Federal Register notice will be published.  Any Project Signatory may terminate its
participation in this Project at any time in accordance with the procedures set forth in Section XI of this
FPA.

This exemption, once it is finalized, will apply to all the wastewater treatment sludge resulting from the
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treatment of the copper metallization rinsewaters at the site, including those sludges that are in the
process of being generated, sludges that result from rinsewaters already in the wastewater treatment
system, and sludges that have been removed from the wastewater treatment system and are being
stored pending off-site transportation.  This exemption will remain in effect as long as IBM continues to
meet the terms and conditions of the rule.

VI.  Legal Basis for the Project

A. Authority to Enter Into the Agreement

By signing this Agreement, EPA, the State of Vermont, and IBM acknowledge and agree that they
have the respective authorities, discretion, and resources to enter into this Agreement and to implement
all applicable provisions of this Project, as described in this Agreement.

B. Legal Effect of the Agreement

This Agreement states the intentions of the Project Signatories with respect to IBM’s XL Project.  The
Project Signatories have stated their intentions seriously and in good faith, and expect to carry out their
stated intentions.

This Agreement in itself does not create or modify legal rights or obligations, is not a contract or a
regulatory action, such as a permit or a rule, and is not legally binding or enforceable against any
Project Signatory.  Rather, it expresses the plans and intentions of the Project Signatories without
making those plans and intentions binding requirements.  This applies to the provisions of this
Agreement that concern procedural as well as substantive matters.  Thus, for example, the Agreement
establishes procedures that the Project Signatories intend to follow with respect to dispute resolution
and termination (see Sections X and XI).  However, while the Project Signatories fully intend to adhere
to these procedures, they are not legally obligated to do so.

EPA intends to propose for public comment the site-specific rule amendment needed to implement this
Project.  The rule, or any other legal mechanism necessary to implement this Project will be effective
and enforceable as provided under applicable law.

This Agreement is not a "final agency action" by EPA or VTDEC, because it does not create or modify
legal rights or obligations and is not legally enforceable.  This Agreement itself is not subject to judicial
review or enforcement.  Nothing any Project Signatory does or does not do that deviates from a
provision of this Agreement, or that is alleged to deviate from a provision of this Agreement, can serve
as the sole basis for any claim for damages, compensation or other relief against any Project Signatory.

C. Other Laws or Regulations That May Apply

Except as provided in the legal implementing mechanisms for this Project, the Project Signatories do
not intend that this Final Project Agreement will modify any other existing or future laws or regulations.
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D. Retention of Rights to Other Legal Remedies

Except as expressly provided in the legal implementing mechanisms described in Section IV, nothing in
this Agreement affects or limits IBM’s, EPA’s, or VTDEC’s legal rights.  These  rights include legal,
equitable, civil, criminal or administrative claims or other relief regarding the enforcement of present or
future applicable federal and state laws, rules, regulations or permits with respect to the facility.

Although IBM does not intend to challenge agency actions implementing the Project (including any rule
amendments or adoptions, permit actions, or other action) that are consistent with this Agreement, IBM
reserves any right it may have to appeal or otherwise challenge any EPA or VTDEC action to
implement the Project.  With regard to the legal implementing mechanisms, nothing in this Agreement is
intended to limit IBM’s right of administrative or judicial appeal or review of those legal mechanisms, in
accordance with the applicable procedures for such review.

VII. Unavoidable Delay During Project Implementation

“Unavoidable delay" (for purposes of this Agreement) means any event beyond the control of any
Project Signatory that causes delays or prevents the implementation of the Project described in this
Agreement, despite the Project Signatories’ reasonable efforts to put their intentions into effect.  An
unavoidable delay can be caused by, for example, chemical supply disruption, process conversion
difficulties, a fire, severe weather or acts of war.

When any event occurs that may delay or prevent the implementation of this Project, whether or not it
is avoidable, the Project Signatory who knows about it will immediately  provide notice to the remaining
Project Signatories.  Within ten (10) days after that initial notice, the Party should give notice of the
event, including appropriate documentation, that includes: 1) the reason for the delay; 2) the anticipated
duration; 3) all actions taken to prevent or minimize the delay; and 4) why the delay was considered
unavoidable.

If the rest of the Project Signatories agree that the delay is unavoidable, relevant parts of the Project
schedule will be extended to cover the time period lost due to the delay.  If they agree, the Project
Signatories will also document their agreement in a written amendment to this Agreement.  If the Parties
do not agree, then they will follow the provisions for Dispute Resolution outlined in Section X, below.

This section applies only to provisions of this Agreement that are not implemented by legal implementing
mechanisms.  Legal mechanisms, such as permit provisions or rules, will be subject to modification or
enforcement as provided under applicable law.

VIII.  Amendments or Modifications to the Agreement

This Project is an experiment designed to test new approaches to environmental protection and there is
a degree of uncertainty regarding the environmental benefits and costs associated with activities to be
undertaken in this Project.  Therefore, it may be appropriate to amend this Agreement at some point
during its duration.
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This Final Project Agreement may be amended by mutual agreement of all of the Project Signatories at
any time during the duration of the Project.  The parties recognize that amendments to this Agreement
may also necessitate modification of legal implementation mechanisms or may require development of
new implementation mechanisms.  If the Agreement is amended, EPA, VTDEC, and IBM expect to
work with stakeholders to identify and pursue any necessary modifications or additions to the
implementation mechanisms in accordance with applicable procedures.  If the Project Signatories agree
to make a substantial amendment to this Agreement, the general public will receive notice of the
amendment and be given an opportunity to participate in the process, as appropriate.

In determining whether to amend the Agreement, the Project Signatories will evaluate whether the
proposed amendment meets Project XL acceptance criteria and any other relevant considerations
agreed on by the Project Signatories.  All Project Signatories will meet within ninety (90) days following
submission of any proposed amendment (or within a shorter or longer period if all parties agree) to
discuss evaluation of the proposed amendment.  If all Project Signatories support the proposed
amendment, they will, after appropriate stakeholder involvement, amend the Agreement.

IX. Transfer of Project Benefits and Responsibilities to a New Owner

The Project Signatories expect that the implementing mechanisms will allow for a transfer of IBM’s
benefits and responsibilities under the Project to any future owner or operator upon request of IBM and
the new owner or operator, provided that the following conditions are met:

A. IBM will provide written notice of any such proposed transfer to the EPA and VTDEC at least
ninety (90) days before the effective date of the transfer.  The notice is expected to include
identification of the proposed new owner or operator, a description of its financial and technical
capability to assume the obligations associated with the Project, and a statement of the new
owner or operator’s intention to take over the responsibilities in the XL Project of the existing
owner or operator.

B. Within forty-five (45) days of receipt of the written notice, the Project Signatories expect that
EPA and VTDEC, in consultation with stakeholders, will determine whether: 1) the new owner
or operator has demonstrated adequate capability to meet EPA’s  requirements for carrying out
the XL Project; 2) is willing to take over the responsibilities in the XL Project of the existing
owner or operator; and 3) is otherwise an appropriate Project XL partner. Other relevant
factors, including the new owner or operator’s record of compliance with Federal, State and
local environmental requirements, may be considered as well.

It will be necessary to modify the Agreement to reflect the new owner and it may also be necessary for
EPA and VTDEC to amend appropriate rules, permits, or other legal implementing mechanisms
(subject to applicable public notice and comment) to transfer the legal rights and obligations of IBM
under this Project to the proposed new owner or operator.

X.  Dispute Resolution
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Any dispute which arises under or with respect to this Agreement will be subject to informal
negotiations between the Project Signatories.  The period of informal negotiations will not exceed
twenty (20) calendar days from the time the dispute is first documented, unless that period is extended
by a written agreement of the parties to the dispute.  The dispute will be considered documented when
one party sends a written Notice of Dispute to the other parties.

If the parties cannot resolve a dispute through informal negotiations, the parties may invoke non-binding
mediation by describing the dispute with a proposal for resolution in a letter to the Regional
Administrator for EPA Region 1. Prior to the issuance of an opinion, the Regional Administrator may
request an additional informal mediation hearing.  The Regional Administrator will serve as the non-
binding mediator.  If so requested, the Regional Administrator will issue a written opinion that will be
non-binding and does not constitute a final EPA action.  If this effort is not successful, the parties still
have the option to terminate or withdraw from the Agreement, as set forth in Section XI below.

XI. Withdrawal From or Termination of the Agreement

A. Expectations

Although this Agreement is not legally binding and any Project Signatory may withdraw from the
Agreement at any time, it is the desire of the Project Signatories that it should remain in effect through
the expected duration of 5 years, and be implemented as fully as possible and it is not their intent to
terminate or withdraw from the FPA unless there is a compelling reason to do so.

The Project Signatories agree that appropriate points to seek withdrawal from the FPA include but are
not limited to:

1. Substantial failure by any Project Signatory to: (a) comply with the provisions of the
implementing mechanisms for this Project; or (b) act in accordance with the provisions of this
Agreement; 

2. Substantial failure of any Project Signatory to disclose material facts during development of the
Agreement;

3. Substantial failure of the XL Project to provide superior environmental performance consistent
with the provisions of this Agreement;

4. Enactment or promulgation of any environmental, health or safety law or regulation after
execution of the Agreement, which renders the Project legally, technically or economically
impracticable; and/or

5. Decision by EPA or VTDEC to reject the transfer of the Project to a new owner or operator of
the facility.

EPA and VTDEC do not intend to withdraw from the Agreement unless actions by IBM constitute a
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substantial failure to act consistently with intentions expressed in this Agreement and its implementing 
mechanisms.

IBM will be given notice and a reasonable opportunity to remedy any “substantial failure” before EPA’s
or VTDEC’s withdrawal.  If there is a disagreement between the Project Signatories over whether a
“substantial failure” exists, the Project Signatories will use the dispute resolution mechanism set forth in
Section X of this Agreement.  EPA and VTDEC retain their discretion to use existing enforcement
authorities, including withdrawal or termination of this Project, as appropriate. IBM retains any existing
rights or abilities to defend itself against any enforcement actions, in accordance with applicable
procedures.

B. Procedures

The Project Signatories agree that the following procedures will be used to withdraw from or terminate
the Project before expiration of the Project term. They also agree that the implementing mechanism(s)
will provide for withdrawal or termination consistent with these procedures.

1. Any Project Signatory that wants to terminate or withdraw from the Project is expected to
provide written notice to the other Project Signatories at least sixty (60) days before the
withdrawal or termination.

2. If requested by any Project Signatory during the sixty (60) day period noted above, the dispute
resolution proceedings described in Section X of this Agreement may be initiated to resolve any
dispute relating to the intended withdrawal or termination.  If, following any dispute resolution
or informal discussion, a Project Signatory still desires to withdraw or terminate from this
agreement, that Project Signatory will provide written notice of final withdrawal or termination
to the other Project Signatories.

3. If any agency withdraws or terminates its participation in the Agreement, the remaining agency
will consult with IBM to determine whether the Agreement should be continued in a modified
form, consistent with applicable federal or State law, or whether it should be terminated.

4. The procedures described in this Section apply only to the decision to withdraw or terminate
participation in this Agreement. Procedures to be used in modifying or rescinding any legal
implementing mechanisms will be governed by the terms of those legal mechanisms and
applicable law.  It may be necessary to invoke the implementing mechanism’s provisions that
end authorization for the Project (called “sunset provisions”) in the event of withdrawal or
termination.

XII. Compliance After the Project is Over

A.  Continuation of Implementing Rule if Project is Successful

Upon completion of the project term, and if the project results indicate that it was a success, as
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determined by EPA and VTDEC, the implementing rule will remain in effect as long IBM continues to
meet its terms and conditions.  EPA and VTDEC will intend to allow IBM to continue operating under
the site-specific rule.  However, the Administrator may promulgate a rule to withdraw the exemption at
any time in the future, after the initial 5 year period of the project, if the terms and conditions of the rule
are not met or if the exemption becomes inconsistent with future statutory or regulatory requirements. 
EPA agrees that it will promulgate such a rule only after consultation with IBM and VTDEC or after
any of the Project Signatories invoke the Dispute Resolution provisions set forth in Section X.  If after
such consultation, EPA still decides to withdraw the exemption, IBM agrees that it will not contest this
action by EPA.

B. Orderly Return to Compliance 

In the event that the project has not been successful, and where IBM has undertaken efforts in good
faith, EPA and VTDEC may decide not to extend the term of the Agreement.  In such case,  the
Project Signatories must prepare for a return to compliance with the previously applicable regulations. 
The Project Signatories intend that there be an orderly return to compliance upon completion,
withdrawal from, or termination of the Project, as follows: 

1. Orderly Return to Compliance with Otherwise Applicable Regulations, if the Project Term 
is Completed

If, after an evaluation, the Project is terminated because EPA and VTDEC in consultation with IBM
have determined that the project has not been successful, IBM will return to compliance with all
applicable requirements by the end of the Project term, unless the Project is extended through
amendment or modification in accordance with Section VIII of this Agreement.  IBM is expected to
anticipate and plan for all activities to return to compliance sufficiently in advance of the end of the
Project term.  IBM may request a meeting with EPA and VTDEC to discuss the timing and nature of
any actions that IBM will be required to take. The Project Signatories should meet within thirty days of
receipt of IBM’s written request for such a discussion.  At and following such a meeting, the Project
Signatories should discuss with reason and in good faith, which of the requirements deferred under this
Project will apply after termination of the Project.

2. Orderly Return to Compliance with Otherwise Applicable Regulations in the Event of Early
Withdrawal or Termination

In the event of a withdrawal or termination not based on the end of the Project term and where IBM
has made efforts in good faith, the Project Signatories will determine an interim compliance period to
provide sufficient time for IBM to return to compliance with any regulations deferred under the Project.
The interim compliance period will extend from the date on which EPA, VTDEC or IBM provides
written notice of final withdrawal or termination of the Project, in accordance with Section XI of this
Agreement.  By the end of the interim compliance period, IBM will comply with the applicable deferred
standards set forth in 40 CFR 261.31 and Section 7-210 of the Vermont Hazardous Waste
Management Regulations.  During the interim compliance period, EPA and VTDEC may issue an
order, permit, or other legally enforceable mechanism establishing a schedule for IBM to return to
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compliance with otherwise applicable regulations as soon as practicable.  IBM intends to be in
compliance with all applicable Federal, State, and local requirements as soon as is practicable, as will
be set forth in the new schedule.
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XIII. Effective Date

This FPA is effective on the date it is dated and signed by EPA’s Regional Administrator for Region 1.

_______________________________ ______________
Mindy Lubber, Regional Administrator, Date Signed
US EPA, Region 1

________________________________ _______________
Canute Delmasse, Commissioner, Date Signed
Vermont Department of Environmental
Conservation

________________________________ _______________
H. J. Geipel Date Signed
Senior Location Executive
International Business Machines Corporation
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APPENDIX A
Plating Bath and Rinsewater Analysis
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Plating Bath Analytical Data
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Rinsewater Analytical Data
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APPENDIX B
Greenhouse Gas Reduction Methodology for Chamber Cleaning Process Conversions
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IBM, Burlington reserves the right to revise the emissions estimates as global warming
potentials (GWPs) change and as more accurate emission factors are developed.

I. INTRODUCTION

The  methodology used for estimating emissions in this report is consistent with the    approach
taken by IBM for reporting PFC emissions  pursuant to a 1996 Memorandum of
Understanding between USEPA and IBM’s Microelectronics Division on voluntary PFC
emissions reduction. 

II.  PFC USAGE DETERMINATION

PFC gas usage at IBM Burlington is determined on a facility-wide basis.  The location chemical
tracking system is used for determining PFC use .  This system contains information regarding
quantities of PFCs delivered to using departments. Residual gas left in the returned
cylinder(heel) is measured.

For any PFC, the annual facility-wide usage, Q (annual usage), can be expressed as follows:

                            Q (annual usage)  =   Q (delivered)  -   Q (heel)                                    (1)'

III. SOURCES OF EMISSION FACTORS AND HOW FACTORS WERE USED

     1. Sources of Emission Factors

         Various emission factors were obtained from the following sources:

         A. Sematech (Technology Transfer # 96073156A-ENG, pp. 8 - 10);
         B. DuPONT (PFC Characterization: GC-MS, Global Warming PTAB meeting,
              May, 1996);
         C. LAM (LAM Research Corporation letter dated September 26, 1996);
         D. AME (AME letter transmitted via facsimile on September 10, 1996);
         E. Novellus (Novellus Systems, Inc. letter dated May, 1996); and
         F. IBM’s own test data (note this will be updated later this year).

For IBM’s own test data, the following is a discussion on what and how the data was obtained, as well
as the quality control process:

         -- Set-up and Sampling Process:
             PFC emissions measurements were taken during PECVD cleans in an AME5000
             deposition chamber.

             Extractive Fourier Transform Infra Red (FTIR) spectroscopy was used to monitor
             perfluorocompounds emissions in-situ during cleaning of an AME5000 PECVD
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             chamber based on C2F6 chemistry.  The recipes used are those currently used in
             manufacturing.  Emissions from C2F6  feed-gas sampled from a port in the exhaust
             were identified and quantitatively analyzed by extractive FTIR for C2F6, CF4 & C3F8.

The tests were conducted at IBM’s Burlington facility by a team of participants consisting of the
personnel from  a PFC gas supplier and  IBM engineers.

         -- Results:
            Typically the PECVD cleans consist of an inner (high pressure) and outer (low pressure)
             clean in order to clean both the inter-electrode region and the chamber walls.  These
             two parts of the clean operate in different pressure ranges and often are characterized
             by different feed-gas utilization and emissions profiles.  Four C2F6-based recipes were
             tested.  In each case, the utilization of the etch gas as well as its conversion to other
             PFCs is reported.

         -- Utilization:
             The utilization of the etch gas refers to the percentage of each etch gas which reacts
             during the plasma clean to form other products.  The utilization was determined by
             measuring the etch gas concentration with the radio frequency (RF) power on and off:

                  % Utilization of C2F6 = [C2F6  (RF off) - C2F6 (RF on )] /C2F6 (RF off)       (2)

         -- Experimental:
             a. FTIR instrument: MIDAC g5000, MCT detector, ZnSe Optics.
             b. Sampling line is made of Teflon, about 12 feet long.  Samples were continuously
                 extracted with a vacuum pump at 1.0 liter per minute for all source sampling, matrix
                 spiking and instrument calibration checks.  Flows were set with pre-calibrated mass
                 flow controllers.  Calibration gas cylinders were used for instrument calibration
                 checks and matrix spiking.  Flows were verified with Dry-Cal flow meter.
             c. Sample spectra generated by co-addition of four scans from 5000-600 cm-1 at
                 0.5 cm-1 resolution.  Typical minimum detection limit for the 1 cm cell used are:

                    CF4 (5 ppmv), C2F6 (50 ppmv), C3F8 (20 ppmv), COF2  (250 ppmv),
                    SIF4 (50 ppmv), and SF6 (7 ppmv).

           d. Single beam FTIR spectrum was taken every 10 seconds.

        -- Quality Control:
            a. Instrument calibration check was performed using certified gas standards of 
                ethylene, SF6, CF4, C2F6  and C3F8.

             b. Matrix spike check was performed to demonstrate quantitative recovery and
                measurement of a given spike gas in the matrix of exhaust gases.  Certified gas
                standards of CF4, C2F6  and C3F8 were spliced into the sampling port.  The
                percentage recovery of the spike gas was usually within 0.1%.
            c. Data analysis was performed by using quantitative spectral subtraction with an
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                automated spectral subtraction software based on a least squares algorithm.  About
                5% of data quantification was verified by manual subtraction.  All PFCs were 
                quantified using the gas supplier’s quantitative library spectrum and a minimum four
                point calibration curve generated at the supplier’s facility following EPA guideline for
                extractive FTIR.

        --  Quantitative Error Assessment:
             Errors in FTIR results were estimated at +/- 10%.

         -- Limitations:
             F2 and HF were not quantified.  (F2, a homonuclear diatomic, is not detectable by IR
             absorption, and quantitative assessment of HF was not attempted.)  However, fluorine
             mass balance was usually within 10%. 

   2. How Were Emission Factor Used

        Table 1 below lists the available emission factors for each PFC gas.  Letters “A” through
         “F” correspond to sources of emission factors provided under item 1 above:

Table 1
PFC (Application) Sources of Emission Factors

C2F6 (clean) A, B, C, D, E, F
C2 F6 (etch) D, F
CF4 A, C, D
NF3 (etch) A, C, F
NF3 (clean) A, C, D
CHF3 A, C, D
SF6 A, C, D

                          Note: our company did not use C3F8.

      The arithmetic mean of emission factors for each gas was used in estimating that gas’
      emissions.

IV. PFC EMISSIONS DISCUSSION -- 
While the absolute PFC emissions increased by 0.024 in million metric ton of carbon equivalent
(MMTCE) between 1995 and 1999, on a normalized (production) basis, PFC  emissions
increased only 0.007 MMTCE since the base year of 1995. We have seen significant
reductions in the last year of .018MMTCE  with the increased us of lower emitting process
recipes.

V. EXAMPLE PFC EMISSION CALCULATION 

       Given:
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       PFC gas:                                  NF3
       Application:                            Clean
       Annual usage:                         1,484 kilograms     
       Mean emission factor:             0.39 or 39% of the NF3 used was emitted as NF3 
       GWP:                                       8000
 
       Calculation:
       MMTCE for NF3                                  [QNF3 x(GWP100)NF3x(12/44)]/109

                                                                                             [1484x0.39x8000x(12/44)]/109 = 0.0013

       MMTCE for all PFCs              Sum of (MMTCE)i   
       where GWP100  :                       C2F6 (9,200); 
                                                        CF4 (6,500); 
                                                        CHF3 (11,700 );
                                                         SF6 (23,900);
                                                        NF3  (8,000)

VI. NORMALIZED RATE CALCULATION

       Technology performance metrics (i.e., number of circuits or bits), production volume and
       the dollar value added as a finished product are used in calculating normalized production
       index.  

       En = Ep x Pn ,
       where En =  Normalized emissions for the current year
                  Ep = Actual emissions from the previous year
                  Pn   = Production index for the current year 

       Normalized Rate or GWG Index = (Ec / En) / P1995,

            here GWG index > 1 means normalized emissions increased, conversely, GWG index < 1
       means normalized emissions decreased.            


