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Introduction to the Agreement
A. Project Signatories

The Project Signatoriesto this Final Project Agreement (FPA or Agreement) are the Internationa
Business Machines Corporation (IBM), Essex Junction Facility, located in Essex Junction Vermont, the
U.S. Environmenta Protection Agency (EPA), and the Vermont Department of Environmentd
Consarvation (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 dtates the intentions of the Project Signatoriesto carry out apilot project as part of EPA’s
“Project XL,” which tests innovative gpproaches to environmental protection. Project XL isan EPA
initigtive to test the extent to which regulaory flexibility, and other innovative environmenta gpproaches,
can be implemented to achieve both superior environmental performance and reduced economic and
adminigrative burdens. (See 60 FR 27282)

C. Purpose of this FPA

This FPA isajoint statement of the Project Signatories plans and intentions with respect to the IBM
Copper Metdlization 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 thet is necessary to implement
this project. Specificaly, IBM proposes that EPA exempt the copper metallization process rinsewaters
and resultant wastewater treatment sludge from consderation as an FO06 waste through a site-specific
rulemaking.

This FPA setsforth 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 ina
timely fashion and to follow the terms of this FPA. This FPA is not, however, intended to create legd
rights or obligations and is not a contract, afind agency action, or aregulatory action such as a permit
or arule. ThisFPA does not give anyone aright to sue the Project Signatories for any dleged falure to
implement its terms, either to compel implementation or recover damages.

This FPA and materids reating to this project are available on the Project XL Web Site a
WWW.epa.gov/projectx .

D. List of Project Contacts
IBM

Jay M. Dietrich
Mail Stop 966A

IBM VT XL Project FPA 1 May 2000
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IBM

Essex Junction, VT 05452

Telephone: 802-769-4046

emall: jdietric@usibm.com

US EPA NEW ENGLAND

John Moska

Office of Assstance and Pollution Prevention (SPP)
One Congress Street (10th floor)

Boston, Massachusetts 02203

Telephone: 617-918-1826

e-mail: moskd.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

emal: 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

. Description of the Project

IBM is proposing that EPA exempt the copper metallization process rinsewaters and resultant
wadtewater treatment dudge from consderation as an FOO6 waste through a site-gpecific 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 gpproximately 735 acres which are
divided by the Winooski River and connected by a company-owned bridge. The manufacturing facility
islocated on approximately 243 acres which lie west of the Winooski River in the Town of Essex and
the Village of Essax Junction. The remaining 492 acres are located esst of theriver 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

IBM VT XL Project FPA 2 May 2000
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semiconductor manufacturing operations. There are gpproximately 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 creste eectrical
interconnections between device levels for new semiconductor technologies which replaces the
Aluminum Chemica Vapor Deposition process, adry process, used in previous generation
semiconductor device technologies. EPA currently considers IBM’ s process atraditiona
“dectroplating” process for purposes of RCRA. Under current regulations promulgated pursuant to the
Resource Conservation and Recovery Act (RCRA), dudges or solids created from the treatment of
wastewaters which include rinsewaters generated from an dectroplating process, carry the FO06 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
trestment unit. This trestment, in turn, generates dudge thet is currently managed under RCRA as FO06
waste.

IBM maintains that the FO06 classfication artificidly inflates the company’ s figures for hazardous waste
generation, failsto provide any additiona environmenta protection, and increases paperwork and
reporting burdens. The expected volume of rinsewater generated from the copper metallization process
of 2,000 - 3,000 gdlons per day by 2002 is mixed with an additiond 4.1 million galons 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 rdaively inggnificant volume of rinsewater from the copper
metallization process with the much greater volume of other wastewaters, dl of the dudge generated by
the wastewater treatment plant is then treated as FOO6 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 actuds), and
waste management cogts by $3,500 per year with little or no environmenta benefit. A segregated
wadte treestment system that would prevent the mixing of the copper bearing rinsewater with genera
influent is currently cost prohibitive. Such a system would require an initia capita 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 FOO6 listing focused on much different
industria processes than IBM’ s copper metalization process, and perhaps most importantly, the
chemicasusad in IBM’s process do not contain any of the contaminants listed in Appendix V11 of 40
CFR 261 which are the focus of the origind FO06 definition. 1BM has dso conducted analyses of the
plating bath and rinsewater that do not show the presence of any materias of concern, including those
listed in 40 CFR 261 Appendix VI as the basis for the FOO6 ligting, that would cause the resultant
dudge 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

IBM VT XL Project FPA 3 May 2000
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encouraged as one that is environmentally superior to existing technologies and to congder the
gppropriate regulatory status of the wastes from this technology before it is adopted by smilar
manufacturing facilities. Further, this XL project offers EPA the opportunity to test a different approach
to re-evauating whether a specific wastestream is appropriately subject to regulatory controls asa
listed waste.

The existing mechanism for removing awagte from aliging on aste-gpecific basisis through a
“ddiging” petition under 40 CFR 260.22. However, the ddisting approach is not the most suitable for
the Stuation at the IBM Vermont facility because the scope of thelisting itsdlf isat issue. If IBM
submitted a delisting petition, EPA would evauate the hazardous nature of the entire wastewater
trestment dudge (which is the wastestream that actudly carries the FOO06 listing) rather than only that
portion which is contributed by the copper metalization process. EPA generdly prefersadeisting
gpproach in most circumstances, it is, generdly, a better gpproach for determining the hazardous nature
of the actual waste materia and whether the waste should be removed from the hazardous waste
management program. In thisinstance, however, because the Agency wants to test whether IBM’s
copper metdlization process should be included within the scope of the FO06 listing, the Agency
believes an evaluation of the “production Sde” of the sequence of operations that resultsin the
wadtewater trestment dudge would be more useful. Specifically, because the wastewater trestment
dudge is congdered hazardous due to an “upstream” production unit meeting the narrative description
of an dectroplating operation, the Agency believesit is more appropriate to eva uate the upstream
production unit to determine whether the hazardous waste listing on the “downstream” wastewater
trestment dudge iswarranted. Therefore, the Agency will focus on the key parameters on the
production side (in this case, the innovative design and operation of the copper metalization process) to
make a determination of the regulatory status of the materials generated on the waste management side
(inthis case, the wastewater treatment dudge). This XL project therefore represents an opportunity for
EPA to explore a different approach to determining whether awadte (in this case, one resulting from an
innovative process) should continue to be subject to a hazardous waste ligting. In other words, this
approach may be consdered another “tool” for the Agency to usein “finetuning” the hazardous waste
listings S0 that the narrative description of alisted waste gppropriately delineates between those wastes
that pose arisk to human hedth and the environment from those wastes (which arguably are generated
by very smilar processes) that do not pose such arisk.

In addition, this innovative metdlization process is environmentally superior to the old process it
replaces, i.e., the duminum chemica vapor deposition process. Not only isthe metallization process
30 to 40% more energy efficient than the old process and the chips produced are gpproximately 25%
more energy efficient, there are aso environmenta benefits redlized by discontinuing the use of the old
process. While the metdlization process generates a wastewater stream (and subsequent dudge from
the trestment of that wastewater) that was not inherent to the auminum chemica vapor deposition
process, the old vapor deposition process entailed a cleaning step that used perfluorinated compounds
(PFCs), which are globa warming gases. Thus, by replacing the old process with the metallization
process, 10,000 metric tons of carbon equivaent (MTCE) of globa warming gases will not be emitted
tothear. However, it should be noted that, due to the nature of the materials and components
involved in the semiconductor manufacturing process, vapor deposition of auminum cannot be
completdy diminated 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 gpproach is
consgtent with other “Design for Environment” and pollution prevention efforts encouraged by EPA
whereby regulated entities are encouraged to design their processes for minima environmental impact
by using such methods as product substitution or source reduction. I1BM’s process has been developed
to maximize the efficient use of the copper metal and minimize the release of the materidsinto the
wadtewater system while largely eiminating the use of PFC' s for chamber cleaning operations

necessary in the old auminum chemica vapor deposition process.

From a public policy slandpoint, it would not serve to encourage manufacturers to employ less-
hazardous or more environmentally friendly and innovetive production processes and ingredientsin
manufacturing operaionsif the Agency is unwilling to revisit existing hazardous wagte lisings to
determine if the wastes resulting from such innovative process changes till warrant a hazardous waste
lising. This XL project offers EPA the opportunity to consder proactively the appropriate regulatory
datus of the wastewater treatment dudges generated from an innovative production process before it is
widely used and commonplace and may serve as a precedent for other listed wastestreams. Just asit is
important to ensure that those wastes that can pose significant risk to human hedlth and the environment
are properly controlled and managed, it is dso important to not needlesdy subject wastes that do not
pose such risks to the same type of regulatory oversight.

The successful completion of this XL Project, and the remova of the FO06 code on the dudge, will
dlow IBM to investigate a potential opportunity to recycle the dudge for abeneficid use. IBM may be
able to provide the dudge to a cement kiln as feedstock in its process. IBM  has begun discussons
with a cement kiln about using the wastewater trestment dudge as a feedstock to the cement
production process. The dudge characteristics gppear to make it amenable for use in the process.
However, because the dudge is categorized as a FO06 waste, the cement kiln will not consider it for
useinitsprocess. Completion of the project would alow IBM to further investigate the environmental
benefits associated with such reuse and pursue discussions with the cement kiln regarding potentia
utilization of the IBM dudge. Reutilization of the dudge has conservatively estimated disposal cost
savings of $60,000 per year.

Finaly, IBM has asked that EPA recognize the channdling of IBM’s cost savings to supplement its
additiona voluntary effort to reduce greenhouse gas emissons through the introduction of an aternate
process chemidry in its chamber cleaning processes to remove silicon dioxide deposits as a sgnificant
environmental benefit. This applies to continuing operations where silicon oxide layers are deposited on
chipsto insulation between chip layers. IBM isinvesting an additiond $2.0 million at its Burlington
semiconductor manufacturing facility to sgnificantly cut greenhouse gas emissions from its chamber
cleaning process, which accounts for the mgjority of the facility’s overal greenhouse gas emissons.

IBM isvoluntarily taking this action well ahead of any regulatory requirements. In addition, IBM isdso
a party to aMemorandum of Understanding negotiated in 1996 between the EPA and 21 other
semiconductor manufacturers under which the parties agreed to study pollution prevention and recycling
methodol ogies and propose the most efficient and cost effective manner by which to reduce mass
emissons of greenhouse gases. IBM’ s actions are well ahead of any requirementsin the MOU, aswell
as any actions taken by other semiconductor manufacturers.

IBM VT XL Project FPA 5 May 2000
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In summary, IBM is seeking a Site-specific exemption for its copper metdlization process that will
provide for the declassfication of the resultant wastewater trestment dudge from the FO06 hazardous
wadte listing. The conversion to this process results in the minimization of the need to clean chambers
using PFC's by reducing the duminum meta layersto one or two, dong with sgnificant energy savings
In addition, IBM has asked that EPA recognize its additiond, voluntary effort to reduce greenhouse gas
emissonsin its remaining Slicon dioxide chamber cleaning processes as a sgnificant environmenta
benefit.

[11. How the Project Will Meet the Project XL Acceptance Criteria
A. Environmental Benefits

Severd 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 duminum chemica vapor deposition process, and a
decreasein the IBM, State of Vermont, and EPA adminigtrative requirements due to the elimination of
the need to receive export permission and process United States hazardous waste manifests for the
shipment of dudge to the Stablex facility in Quebec, Canada. 1t will dso rationdize the RCRA FO06
listing process asit gppliesto this Stuation, which will provide for more sengble and accountable
regulation - akey goa of Project XL.

Perhaps the most notable benefit to this XL project isthat it highlights and promotes a new process -
copper metdlization - which has the potentid to impact the eectronicsindustry in profound ways. This
new processis approximately 30-40% more energy efficient than the previous one, minimizes PFC
usage for chamber cleans by diminating dl but one or two of the duminum vapor deposition steps as
described above, and produces a chip that is approximately 25% more energy efficient than its
predecessor. If this processis eventudly 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 natura
resource conservation, air quality improvements, and decreased impact on climate change.

IBM will dso attempt to meet aproject god, defined in Section V.A.2, of further voluntary greenhouse
gas reductions from its other chamber cleaning operations which do not use the copper metdlization
process. EPA aso recognizesthat IBM’s additiond efforts to reduce emissions of greenhouse gases
from the chamber cleaning processes for remova of silicon dioxide and metal deposits as an
environmental benefit associated with this project. 1BM has independently developed dternative
chamber cleaning processes, one using a reduced flow C,F (the primary PFC used for chamber
cleaning) and the other using dilute Nitrogen Trifluoride (NF), to clean silicon dioxide and meta coated
tooling chambers. IBM expects that these changes will help reduce the overal globa warming gas
emissons at the Burlington manufacturing facility by goproximatdy 40% (normalized to production) in
the year 2002 when measured againg the 1995 base year emissions despite significant, red and
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projected, increases in manufacturing output between 1995 to 2002. Thiswork is aso dated 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 metalization process and the resulting declassfication of the
wastewater trestment dudges results in reduced costs and administrative burdens to IBM, EPA and
VTDEC. Specificdly:

1. IBM expects to see operationa savings of $100,000 to $200,000 per year when the conversion to
the copper metallization processis complete. The sources of these savings include reduced material
costs (eg., 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 dudges.

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

5. IBM would not be required to prepare United States hazardous waste manifests for each shipment
of dudge from the wastewater trestment plant. Adminisirative costs associated with preparation,
tracking and close-out of a RCRA hazardous waste manifest for this dudge would be iminated.
Egtimated cogts savings here are gpproximatdy $3,500/year.  Similar savings will be accrued by the
State of Vermont.

6. 1BM has been reviewing options to send its dudge to a cement kiln to serve as afeedstock to the
cement manufacturing process. The dudge has a percentage of active lime which can be used
beneficidly in the cement manufacturing process. By using the dudge as a cement feedstock, the dudge
disposa costs will be reduced by a conservative estimate of gpproximately $60,000. Use of the dudge
as afeedstock to the cement manufacturing process will diminate the need to send the materia for
disposd at a secure disposd facility and put it to beneficid use.

While the cement manufacturer isinterested in using the IBM dudge in its process, they are unwilling to
evduate the materid in detail aslong as the dudge carries an FO06 liging. Successful completion of this
project XL will dlow IBM to pursue the beneficia reuse of the dudge materid.

C. Stakeholder Involvement and Support

IBM VT XL Project FPA 7 May 2000
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IBM has solicited input on this project from awide range of stakeholdersincluding local and national
environmenta 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 additiona stakeholders and ongoing informetion is available from the project contacts listed in
Section 1.D, aswell as EPA’swebsite.

In addition, IBM has conducted a series of meetings with additiona stakeholders who have agreed to
serve as commenters for this project. They have been briefed on the proposa, 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 Evauation.”

D. Innovation and Pollution Prevention

IBM’s process has been developed to maximize the efficient use of the copper metd and minimize the
release of the materids into the wastewater system while largely diminating the use of PFC'sfor
chamber cleaning operations necessary in the old duminum chemica vapor depostion process. The
copper metallization processis aso approximately 30 - 40% more energy efficient, and produces a
chip that is gpproximately 25% more energy efficient than its predecessor. IBM’ s additiona efforts at
greenhouse gas reductions are expected to achieve a 40% overall reduction in facility greenhouse gas
emissions when normalized to production.

E. Trandferability

There are anumber of chip manufacturing fadilities in the US currently implementing or evauating the
copper metdlization process, and the implementation of this XL Project might creste an incentive for
othersto use the process. If thiswere to be the case, the ripple effect of the environmentd benefits
associated with numerous other semiconductor manufacturers switching to this type of process could be
quite significant.

F. Feasility

IBM hasthe financia capatility, personnel, and senior management commitment necessary to
implement the dements of this XL Project.

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

G. Shifting of Risk Burden

IBM VT XL Project FPA 8 May 2000
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This project does not result in atransfer of risk. In fact, adoption of the copper metallization process
removes some environmentd risks by largdy diminating the use and subsequent emissions of PFC'sin
the processiit replaces, thereby removing an estimated 10,000 MTCE of greenhouse gas emissons
from IBM’sfacility. Inaddition IBM is agreeing to additiond 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. Findly, any risks associated with the process, the trestment
of therinseweters, and the management of the dudge are minimdl.

V. Requested Flexibility and I mplementing M echanisms
A. Requested Flexibility

IBM has proposed that EPA exempt IBM’s wastewater treatment sudge produced from its copper
metallization process for semiconductor manufacture from the FOO6 definition (40 CFR 261.31)
through a ste-specific rulemaking. Through this proposd, IBM seeks to exempt the manufacturing
process -- specificaly copper metdlization -- rather than delisting the wastewater trestment dudge,
which would normally occur through EPA’ s ddlisting process under 40 CFR 260.22.

The FO06 RCRA ligting states, “Wastewater trestment dudges from e ectroplating operations except
from the following processes. (1) sulfuric acid anodizing of duminum; (2) tin plating on carbon ged; (3)
zinc plating (segregated basis) on carbon sted; (4) duminum or zinc-aluminum plating on carbon sted;
(5) deaning/dripping associated with tin, zinc, and duminum plating on carbon stedl; and (6) chemicd
etching and milling of duminum” are FOO6 wastes. The reach of thisliding is further defined by the
“Development Document for Existing Source Pretrestment Standards for the Electroplating Point
Source Category” (August 1979) and documented hotline and compendium determinations.

The copper metdlization process discussed in this FPA is very different than the eectroplating that was
performed twenty years ago, when the regulations were initidly conceived. This process does not
involve plating baths of thousands of gallons which carry over sgnificant amounts of plating solutions
(dragout) into the rinsewaters, resulting in large amounts of toxic metasin the wastewater trestment
dudges. In contrast, each tool that IBM uses for the copper metdlization process contains one 40
gdlon plating bath each and the amount of dragout from the plating bath isnomind. 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 aresult the volume of plating solution dragout is gpproximeatdy 3.5
ml. Each wafer isthen rinsed with gpproximately 0.5 - 0.7 galons (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 V11 Part 261 (Basis for Listing Hazardous Waste), which
were the focus of the origina FOO6 definition. IBM’s analyss of the plating bath and rinsawaters 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 FOO6 listing in the context of this XL project does not sgna
EPA’swillingness to adopt that exemption as a generd 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
gpproaches prematurely on a widespread basis without first determining whether or not they are vigble
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 alimited number of carefully sdected
projects. These pilot projects are not intended to be ameans for piecemedl revison of entire
programs. Depending on the results obtained from this project, EPA may or may not be willing to
consder adopting this FOO6 exemption ether generdly or for other specific facilities.

Should IBM sgnificantly change the process in any way that should cause the dudge to be reclassfied
as F006 waste by introducing any materids listed as the basis for the FOO6 listing in 40 CFR 261
Appendix VII, IBM will promptly notify EPA and VTDEC of such achange and the exemption will be
removed.

B. Legal Implementing M echanisms

The legd implementing mechanism for this XL Project will be a ste-gpecific rule which will provide a
gte-specific exemption of the wastewater trestment dudge 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 FOO6 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 anumber of conditions that the IBM facility must follow to
ensure that this XL project is protective of human heglth 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 legd effect of the exemption will be the same. EPA
expects that should the exemption of the copper metallization process from the FOO06 listing be
incorporated into the nationa 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 | mplementing the Project
A. IBM’sIntentionsand Commitments

1. IBM must support their request for an exemption with al necessary and rdevant andytica data.
See Section V.C.

2. Given the complete converson of the specified chamber cleaning processes to the low flow C,F; or

dilute NF; process, IBM Burlington will attempt to meet a project god for areduction initsfacility
globa warming gas emissons of 40% by year end 2002, when adjusted for production against a 1995
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base year. The methodology by which the extent of the reduction will be demonstrated and
documented isincluded as Appendix B. This methodology is consstent with thet identified in the MOU
between the Semiconductor Industry and EPA that was previoudy discussed in thisFPA. Onthe
greenhouse gas portion of the project, IBM will target having dl of the Novellusand AMAT slicon
deposition tools converted to the new low flow C,Fg or NF; process by the end of CY 2003.

Tool conversons can be gated by tool availability, as qudification of the NF; chamber cleaning process
can take two to three months during which the chamber cannot be used for production. Asaresult,
IBM has set aproject god for overal greenhouse gas emission reductions through a combination of
implementation of the low flow C,F and NF; chamber clean processes on a schedule which fitsthe
demands of the fabricator facility. 1BM will provide reports on its emission reductions and chamber
conversions as specified in Section V.C. of this FPA.

3. Inorder 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 C,F¢ and NF; processes where
technicaly and economically feasble. Asdiscussed 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 incresses, projected emissions for
2002 without the low flow C,F4 or NF; process conversion would be 128,000 MTCE, and could be
77,000 MMTCE with the conversions compl eted.

4. 1BM will take periodic samples of the copper plating bath and the copper rinsewater to demonstrate
that they do not contain any concentrations of materias that might otherwise cause the rinsewater and
resultant dudge to be categorized as hazardous, including those that are listed in 40 CFR 261 Appendix
VI asthe basis for the FOO6 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. 1BM will provide andytical data on the plating bath and rinsewaters from the copper
metallization process and document progress towards their greenhouse gas emission reductionsin
accordance with paragraph C of this section. In addition, IBM will continue to comply with it existing
NPDES permit asit pertains to the copper loading effluent concentrations.

5. 1BM will establish a project god to explore environmentally sound recycling options for the ultimate
disposition of the wastewater dudge. Among the potentia optionsthat IBM hasinitidly investigated is
acontract with acement kiln for ultimate disposition of the dudge. A sound recycling option will
remove the materia from the trestment and disposal process as hazardous waste and move it up the
waste management matrix to areuse/recycle Stuation. Thiswill provide a postive environmenta benefit

YI1BM has approached its global warming gas emission reduction effortsin two phases. Thefirst phase
involved the optimization of the C,F, chamber clean process, which resulted in emission reductions of 40-50% from
the original process. The second phase has been the development of the NF; chamber clean process which achieves
emission reductions of 95- 97%. I1BM has had excellent success in qualifying the NF; chamber clean process for
silicon oxide deposition on both the AME and Novellus toolsets. Other processes are proving more difficult dueto
problems with maintainability of the equipment. In such cases, IBM will work to convert the cleaning processto the
low flow C,F; where it has not already been done.
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and provide some cogt savings to the IBM Essex Junction Fecility.
B. EPA’sand VTDEC’sIntentions and Commitments

1. EPA intends to propose and issue, subject to gpplicable procedures and review of public comments,
agte-gpecific rule amending 40 CFR 261.4(b) that will exempt the wastewater dudge from IBM’s
copper metalization 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 dudge 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 andyze the plating bath and rinsewaters generated from
the copper metdlization process. 1BM 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. Asdiscussed more fully below, IBM will verify that the plating bath and
rinsewaters do not contain any concentrations of materias that might otherwise cause the rinsewater
and resulting dudge to be categorized as hazardous, including those that are listed in 40 CFR 261
Appendix VI asthe basis for the FO06 listing.

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

In addition, Since copper is hot listed as a congtituent of concern in the basis for the FOO6 liting, but isa
parameter specified in IBM’s existing Nationd Pollutant Discharge Elimination Syslem (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 mechanica
polishing processes will result in copper effluent concentrations less than 40% of the NPDES permit
limit. 1BM 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 dl cases, IBM will operateits
wadtewater treatment systems to maintain compliance with the NPDES permit requirements.

For the globa warming gas reductions IBM will track C,F¢ usage and estimate the reduction in
emissons based on the reduction in chemicd usage. 1BM will use conversion rates of C,F in the clean
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steps provided by Sematech to estimate emissions from gas usage. Sematech is a semiconductor
manufacturing industry association whose environmental subcommittee researched the environmentd
fate of certain greenhouse gases used in the semiconductor industry and devel oped the converson
factors used in this project. IBM has estimated that these estimates will be within plus or minus 10% of
the actud performance.

IBM will dso use smilarly avalable data for the dilute NI, the replacement gas for C,F.. IBM will
use the measured conversion rate of NF; in the cleaning process, the quantity of NF; used in the
cleaning process, and the known carbon equivaent potentid of the NI to calculate the globa 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 emissons reported in Metric Tons of Carbon Equivalent (MTCE);

. Edtimated 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 ether the low flow C,F¢ or NF; process during the
reporting period, and the number of chambers remaining to be converted to achieve the facility
god for globa warming gas emission reductions.

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

These reports are to be issued semi-annualy on the 15" 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 assesstheir progressin
implementing this Project. No later than thirty (30) days following a periodic performance review
conference, IBM will provide asummary of the minutes of that conference to al Participating
Stakeholders and will dso make these minutes available online a www.epa.gov/projectxl. Any
additiona stakeholder comments will be reported to EPA and VTDEC.

E. Duration

This Agreement will remain in effect for 5 years from the dete that the find rulemaking (the later of the
EPA or VTDEC rule to be promulgated) becomes effective unlessit isterminated earlier or extended
by al Project Sgnatories. 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 X1 of this
FPA.

Thisexemption, once it isfindized, will gpply to dl the wastewater trestment dudge resulting from the
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treatment of the copper metallization rinsewaters at the site, including those dudges that arein the
process of being generated, dudges that result from rinsaweaters dready in the wastewater treatment
systemn, and dudges that have been removed from the wastewater tresatment system and are being
sored pending off-site trangportation. This exemption will remain in effect aslong as IBM continues to
meet the terms and conditions of the rule,

V1. Legal Basisfor the Project
A. Authority to Enter Into the Agreement

By sgning 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
al applicable provisons 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 sated their intentions serioudy and in good faith, and expect to carry out ther
dated intentions.

This Agreement in itsalf does not creste or modify legd rights or obligations, is not a contract or a
regulatory action, such as a permit or arule, and is not legdly binding or enforcegble againgt any
Project Signatory. Rather, it expresses the plans and intentions of the Project Signatories without
meaking those plans and intentions binding requirements. This gppliesto the provisons of this
Agreement that concern procedura 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 legdly obligated to do so.

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

This Agreement is not a"fina agency action" by EPA or VTDEC, because it does not create or modify
legd rights or obligations and is not legdly enforcegble. This Agreement itsdlf is not subject to judicid
review or enforcement. Nothing any Project Signatory does or does not do that deviates from a
provision of this Agreement, or thet is aleged to deviate from a provison of this Agreement, can serve
as the sole basis for any clam for damages, compensation or other relief againgt any Project Signatory.

C. Other Lawsor Regulations That May Apply

Except as provided in the legd implementing mechanisms for this Project, the Project Signatories do
not intend thet this Final Project Agreement will modify any other exigting or future laws or regulations.
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D. Retention of Rightsto Other Legal Remedies

Except as expresdy provided in the legd implementing mechanisms described in Section 1V, nothing in
this Agreement affectsor limitsIBM’s, EPA’s, or VTDEC'slegd rights. These rightsinclude legd,
equitable, civil, crimind or adminidrative clams or other relief regarding the enforcement of present or
future gpplicable federd and state laws, rules, regulations or permits with respect to the facility.

Although IBM does not intend to chalenge 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 apped or otherwise challenge any EPA or VTDEC action to
implement the Project. With regard to the lega implementing mechanisms, nothing in this Agreement is
intended to limit IBM’ sright of adminigtrative or judicia gpped or review of those legal mechanisms, in
accordance with the applicable procedures for such review.

VI1. 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 ther intentions into effect. An
unavoidable delay can be caused by, for example, chemical supply disruption, process conversion
difficulties, afire, severe westher 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 Sgnatories. Within ten (10) days after that initid 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) al actions taken to prevent or minimize the delay; and 4) why the delay was consdered
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 aso document their agreement in awritten amendment to this Agreement. If the Parties
do not agree, then they will follow the provisons for Dispute Resolution outlined in Section X, below.

This section gpplies only to provisons of this Agreement that are not implemented by legd implementing
mechanisms. Lega mechaniams, such as permit provisions or rules, will be subject to modification or
enforcement as provided under applicable law.

VIII. Amendmentsor Modificationsto the Agreement
This Project is an experiment designed to test new gpproaches to environmenta protection and there is
adegree of uncertainty regarding the environmenta benefits and costs associated with activities to be

undertaken in this Project. Therefore, it may be gppropriate to amend this Agreement at some point
during its duration.
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This Find Project Agreement may be amended by mutua agreement of adl of the Project Signatories a
any time during the duration of the Project. The parties recognize that amendments to this Agreement
may aso necessitate modification of lega 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 subgtantid amendment to this Agreement, the generd public will receive notice of the
amendment and be given an opportunity to participate in the process, as gppropriate.

In determining whether to amend the Agreement, the Project Signatories will evaluate whether the
proposed amendment meets Project XL acceptance criteriaand 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 dl parties agree) to
discuss evauation of the proposed amendment. If al Project Signatories support the proposed
amendment, they will, after gppropriate stakeholder involvement, amend the Agreement.

I X. Transfer of Project Benefits and Responsibilitiesto a New Owner

The Project Signatories expect that the implementing mechanisms will dlow for atransfer of IBM’s
benefits and responsbilities 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 technica
capability to assume the obligations associated with the Project, and a statement of the new
owner or operator’ s intention to take over the responsbilitiesin 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) iswilling to take over the respongbilitiesin 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 Federa, State and
local environmenta requirements, may be considered as well.

It will be necessary to modify the Agreement to reflect the new owner and it may aso be necessary for
EPA and VTDEC to amend appropriate rules, permits, or other lega implementing mechanisms

(subject to applicable public notice and comment) to transfer the legd 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 informd
negotiations between the Project Signatories. The period of informal negotiations will not exceed
twenty (20) cdendar days from the time the dispute is first documented, unless that period is extended
by awritten 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 informa negotiations, the parties may invoke non-binding
mediation by describing the dispute with a proposal for resolution in aletter to the Regiona
Adminigtrator for EPA Region 1. Prior to the issuance of an opinion, the Regiona Adminigtrator may
request an additiona informa mediaion hearing. The Regiond Adminidirator will serve asthe non-
binding mediator. If so requested, the Regiona Administrator will issue a written opinion that will be
non-binding and does not condtitute afinal EPA action. If thiseffort is not successful, the parties Htill
have the option to terminate or withdraw from the Agreement, as sat forth in Section XI below.

XI. Withdrawal From or Termination of the Agreement
A. Expectations

Although this Agreement is not legdly 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 unlessthere is a compelling reason to do so.

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

1 Substantia failure by any Project Signatory to: (8) comply with the provisons of the
implementing mechaniams for this Project; or (b) act in accordance with the provisons of this
Agreement;

2. Subgtantid failure of any Project Signatory to disclose materid facts during development of the
Agreement;

3. Substantid failure of the XL Project to provide superior environmental performance cong stent
with the provisons of this Agreemen;

4, Enactment or promulgation of any environmentd, hedlth or safety law or reguletion after
execution of the Agreement, which renders the Project legally, technicaly or economicaly
impracticable; and/or

5. Decision by EPA or VTDEC to rgect the transfer of the Project to anew owner or operator of
the fadlity.

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

IBM will be given notice and a reasonable opportunity to remedy any “substantia failure’” before EPA’s
or VTDEC swithdrawal. If there is adisagreement between the Project Signatories over whether a
“aubgantid fallure’” exids, 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 exigting enforcement
authorities, including withdrawal or termination of this Project, as appropriate. IBM retains any existing
rights or abilities to defend itsdf againgt 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 aso agree that the implementing mechanism(s)
will provide for withdrawa 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
withdrawa 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 withdrawa or termination. If, following any dispute resolution
or informd discussion, a Project Signatory il desires to withdraw or terminate from this
agreement, that Project Signatory will provide written notice of find withdrawa 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, consigtent with applicable federa 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 legd
implementing mechanisms will be governed by the terms of those legd mechanisms and
goplicable law. 1t may be necessary to invoke the implementing mechanism’s provisons that

end authorization for the Project (called “sunset provisons’) in the event of withdrawa or
termination.

X1l. Compliance After the Project is Over
A. Continuation of Implementing Ruleif Project is Successful

Upon completion of the project term, and if the project resultsindicate thet it was a success, as
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determined by EPA and VTDEC, the implementing rule will remain in effect aslong IBM continues to
mest itsterms and conditions. EPA and VTDEC will intend to dlow IBM to continue operating under
the site-specific rule. However, the Adminigtrator may promulgate a rule to withdraw the exemption a
any time in the future, after the initid 5 year period of the project, if the terms and conditions of therule
are not met or if the exemption becomes inconsistent with future statutory or regulatory requirements.
EPA agreesthat it will promulgate such arule only &fter consultation with IBM and VTDEC or &fter
any of the Project Signatories invoke the Dispute Resolution provisions set forth in Section X. If after
such consultation, EPA il 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 effortsin good
faith, EPA and VTDEC may decide not to extend the term of the Agreement. In such case, the
Project Signatories must prepare for areturn to compliance with the previoudy applicable regulations.
The Project Signatoriesintend that there be an orderly return to compliance upon completion,
withdrawa from, or termination of the Project, asfollows:

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

If, after an evauation, 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
gpplicable requirements by the end of the Project term, unless the Project is extended through
amendment or modification in accordance with Section V111 of this Agreement. IBM is expected to
anticipate and plan for dl activities to return to compliance sufficiently in advance of the end of the
Project term. IBM may request ameeting with EPA and VTDEC to discuss the timing and nature of
any actionsthat IBM will be required to take. The Project Signatories should meet within thirty days of
receipt of IBM’ s written request for such adiscusson. 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 Regulationsin the Event of Early
Withdrawal or Termination

In the event of awithdrawa 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 find withdrawa 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 gpplicable deferred
standards set forth in 40 CFR 261.31 and Section 7-210 of the Vermont Hazardous Waste
Management Regulaions. During the interim compliance period, EPA and VTDEC may issue an
order, permit, or other legdly enforceable mechanism establishing a schedule for IBM to return to
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XI1l. Effective Date

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

Mindy Lubber, Regiond Adminigtretor, Dae Signed
USEPA, Region 1

Canute Delmasse, Commissioner, Date Signed
Vermont Department of Environmental

Conservation

H. J. Geipd Date Signed
Senior Location Executive

Internationa 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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Rinsawater Analytical Data
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APPENDIX B
Greenhouse Gas Reduction Methodology for Chamber Cleaning Process Conversions
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IBM, Burlington reservestheright to revise the emissions estimates as global warming
potentials (GWPs) change and as mor e accur ate emission factor s ar e developed.

|. INTRODUCTION

The methodology used for estimating emissonsin this report is consstent with the  gpproach
taken by IBM for reporting PFC emissions pursuant to a 1996 Memorandum of
Understanding between USEPA and IBM’ s Microd ectronics Divison on voluntary PFC
emissions reduction.

Il. PFC USAGE DETERMINATION

PFC gas usage a IBM Burlington is determined on afacility-wide basis. The location chemica
tracking system is used for determining PFC use . This system contains information regarding
quantities of PFCs ddlivered to using departments. Residud gas l€ft in the returned
cylinder(hed) is measured.

For any PFC, the annud facility-wide usage, Q (anua usage): CaN bE expressed as follows:

Q(ennual usege) = Q (ddlivered) ~ Q(heel) 1

[11. SOURCES OF EMISSION FACTORS AND HOW FACTORS WERE USED
1. Sour ces of Emission Factors
Various emisson factors were obtained from the following sources:

A. Sematech (Technology Transfer # 96073156A-ENG, pp. 8 - 10);

B. DUPONT (PFC Characterization: GC-MS, Globad Warming PTAB meeting,
May, 1996);

C. LAM (LAM Research Corporation letter dated September 26, 1996);

D. AME (AME letter transmitted via facamile on September 10, 1996);

E. Novdlus (Novdlus 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
asthe qudity control process.

-- Set-up and Sampling Process:
PFC emissions measurements were taken during PECVD cleansin an AMES000
deposition chamber.

Extractive Fourier Transform Infra Red (FTIR) spectroscopy was used to monitor
perfluorocompounds emissions in-stu during cleaning of an AMES000 PECVD
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chamber based on C,F4 chemistry. The recipes used are those currently used in
manufacturing. Emissons from C,F, feed-gas sampled from a port in the exhaust
were identified and quantitatively andyzed by extractive FTIR for C,F;, CF, & CjFs.

The tests were conducted a IBM’ s Burlington facility by ateam of participants congting of the
personnd from aPFC gas supplier and 1BM engineers.

-- Reaults:

Typicaly 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 emissons profiles. Four C,Fs-based recipes were
tested. In each case, the Uutilization of the etch gas as well as its conversion to other
PFCsis 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 C,F, = [C,F, (RF off) - C,F (RF on)] IC,Fs (RFOff)  (2)

-- Experimentd:
a FTIR instrument: MIDAC g5000, MCT detector, ZnSe Optics.

b. Sampling line is made of Teflon, about 12 feet long. Samples were continuoudy
extracted with avacuum pump at 1.0 liter per minute for al source sampling, matrix
spiking and instrument calibration checks. Flows were set with pre-cdibrated mass
flow controllers. Cdibration gas cylinders were used for insrument calibration
checks and matrix spiking. FHows were verified with Dry-Cd flow meter.

c. Sample spectra generated by co-addition of four scans from 5000-600 cm-1 at
0.5 cm-1 resolution. Typica minimum detection limit for the 1 cm cell used are:

CF, (5 ppmv), C,Fs (50 ppmv), CsFg (20 ppmv), COF, (250 ppmv),
SIF, (50 ppmv), and SF; (7 ppmv).

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

-- Quadlity Control:
a Ingtrument calibration check was performed using certified gas standards of

ethylene, SF;, CF,, C,Fs and C5F5

b. Matrix spike check was performed to demonstrate quantitative recovery and
measurement of a given spike gasin the matrix of exhaust gases. Certified gas
standards of CF,, C,F; and C;Fg were spliced into the sampling port. The
percentage recovery of the spike gas was usudly within 0.1%.

c. Data analysis was performed by using quantitative spectra subtraction with an
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automated spectra subtraction software based on aleast squares algorithm.  About
5% of data quantification was verified by manua subtraction. All PFCswere
quantified using the gas supplier’ s quantitative library spectrum and aminimum four
point caibration curve generated at the supplier’ sfacility following EPA guideline for
extractive FTIR.

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

-- Limitations:
F, and HF were not quantified. (F,, ahomonuclear diatomic, is not detectable by IR
absorption, and quantitative assessment of HF was not attempted.) However, fluorine
meass balance was usudly within 10%.

2. How Were Emission Factor Used

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

Tablel
PFC (Application) Sour ces of Emission Factors

C,F¢ (clean) A/ B,C,DEF

C, F (etch) D, F

CF, A, C,D

NF; (etch) A,C,F

NF; (clean) A,C,D

CHF, A,C,D

Sk A, C,D

Note: our company did not use C;F .

The arithmetic mean of emisson factors for each gas was used in estimating that gas
emissons

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

reci pes.

V. EXAMPLE PFC EMISSION CALCULATION
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PFC gas: NF3

Application: Clean
Annua usage: 1,484 kilograms
Mean emission factor: 0.39 or 39% of the NF; used was emitted as NF;
GWP: 8000
Calculation:
MMTCE for NF, [Quies X(GWP, o)nesX(12/44)]/10°
[1484x0.39x8000x(12/44)]/10° = 0.0013
MMTCE for dl PFCs Sum of (MMTCE),
where GWP,, : C,F5 (9,200);
CF, (6,500);
CHF, (11,700);
SFs (23,900);
NF; (8,000)

V1. 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 normaized production
index.

En=EpxP,,

where En = Normalized emissonsfor the current year
Ep = Actud emissons from the previous year
P, =Production index for the current year

Normalized Rate or GWG Index = (Ec/ En) / Pyggs
here GWG index > 1 means normalized emissons increased, conversaly, GWG index < 1
means normalized emissions decreased.
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