February 9, 2006

Annex F Questionnaire (one per chemical)
	Chemical name 

(as used by the POPs Review Committee (POPRC))
	Perfluorooctane sulfonate (PFOS).  Note:  in the answers below, the term “PFOS” should also be understood to include the full range of PFOS precursors identified in the information request.  Although our industry does not necessarily use each of these precursors, we use a range of PFOS precursors.



Explanatory note: 

1.
This chemical is undergoing a risk management evaluation. It has already satisfied the screening criteria set out in paragraph 4 (a) of Article 8 of the Convention.  A risk profile has also been completed for this chemical in accordance with paragraph 6 of Article 8 and with Annex E to the Convention.
	Introductory information

	Name of the submitting Party/observer
	· Semiconductor Industry Association (SIA)
· European Electronic Component Manufacturers Association - European Semiconductor Industry Association (EECA-ESIA)
· Semiconductor Equipment and Materials International (SEMI)
· Japan Electronics and Information Technology Industries Association –
Japan Semiconductor Industry Association (JEITA-JSIA)

	Contact details (name, telephone, e‑mail) of the submitting Party/observer
	Chuck Fraust, PhD, PE, CIH
Director, ESH, SIA

+1 408 573-6609; cfraust@sia-online.org
Shane Harte
ESIA ESH Policy Advisor

+32 2 706 86 00; sharte@eeca.be
Aimee Bordeaux
Senior Director, Environmental, Health and Safety Division

SEMI Global Headquarters

+1 408 943-6900; abordeaux@semi.org
Hiromu Yamamoto

Senior Manager,Semiconuctor Group

JEITA-JSIA

+81-3-3518-6430  

h-yamamoto@jeita.or.jp


	Date of submission
	February 9, 2007


	Additional Annex E information

	(i) Production data, including quantity and location
	The semiconductor industry is a downstream user of PFOS.  Although some SEMI members contract directly with PFOS producers regarding product specifications, they do not themselves produce PFOS.

	(ii) Uses
	Very small amounts of PFOS-based compounds are required during the following critical photolithography applications in manufacturing semiconductor chips: (i) photoresists (as photo-acid generators (PAGs) and/or surfactants); and (ii) anti-reflective coatings (ARCs) (as uniquely performing surfactants).  These applications are crucial to achieving the accuracy and precision required to manufacture miniaturized, high performance semiconductor chips.  There are no alternatives available that would allow for the comprehensive substitution of PFOS in these critical applications.
Additional PFOS applications (again, in very small amounts) include developers and edge bead removers.  Substitutes do exist for these non-critical uses, and the semiconductor industry has committed to phasing them out (see discussion of alternatives below).  

In the course of finalizing this submission, it has come to the industry's attention that there may be one additional specialized application for which PFOS use may have no current substitute -- use in liquid etchant in the photomask rendering process.  (Photomasks are optically transparent fused quartz blanks imprinted with a pattern defined with chrome metal and are the templates used to scribe the circuit pattern into the photoresist.)  We are actively collecting more information on this issue, and will share that information as soon as it becomes available.

	(iii) Releases, such as discharges, losses and emissions
	PFOS releases from these critical photolithography uses are de minimis compared with PFOS use in other industry sectors:  for example, in 2002 for the whole of Europe, only an estimated 43 kg of PFOS were released in the effluent from these critical uses, an amount on the order of only 0.45 percent of all PFOS releases in Europe.  (Mass balance data for Europe in 2004 indicates an estimated 54 kg of such releases.)  We estimate that a similarly small proportion of releases in the United States and Japan is attributable to these critical uses.   

The new photolithography technologies use less photoresist per wafer, and PFOS concentrations in the photoresist have dramatically decreased in the new formulations.  Thus the total use of PFOS is decreasing, lowering the total amount of releases.

There are no air emissions due to the low vapor pressure of PFOS and the fully enclosed nature of the manufacturing process.  The final semiconductor product does not carry any traces of PFOS-related substances.  The solvent waste attributable to critical photolithography applications is incinerated with a destruction efficiency of >99.99% (see attached report).  Wastes destroyed using this method and from destruction during processing represent an estimate 82% of the PFOS used by the semiconductor industry in critical applications. (see technical feasibility section below for information on global, industry-wide efforts to reduce or eliminate these releases of PFOS to the environment.) 
Recent voluntary efforts have resulted in significantly reduced releases compared to historical usages.  
The EU’s Scientific Committee on Health and Environmental Risks (“SCHER”) issued a report in March 2005 that concludes:  “[t]he contribution of the confirmed on-going industrial/professional uses to the overall risks for the environment and for the general public are probably negligible with regard to the sectors photographic industry, semiconductor industry and aviation industry.” The December 12, 2006 EU Marketing and Use Directive for PFOS (2006/122/ECOF) cites the SCHER report in support of the derogations from restrictions on PFOS use in photoresists and ARCs: “According to SCHER, on-going critical uses in the aviation industry, the semiconductor industry and the photographic industry do not appear to pose a relevant risk to the environment or human health, if releases into the environment and workplace are minimised.”


Explanatory note:

2.
This information was requested for preparation of the risk profile in accordance with Annex E of the Convention. The POPRC would like to collect more information on these items. If you have additional or updated information, kindly provide it.
	A. Efficacy and efficiency of possible control measures in meeting risk reduction goals (provide summary information and relevant references):

	(i) Describe possible control measures


	SIA, SEMI, and EECA-ESIA believe that any control measures on PFOS production and use should provide an exemption for continued use of PFOS in the critical applications for semiconductor manufacturing described above, as well as for continued production to supply these needs.  This approach would account for the tremendous socio-economic value of these uses, their de minimis environmental impact, and the absence of substitutes.  There is significant precedent for this approach.  

In 2002, the United States Environmental Protection Agency exempted PFOS “use as a component of a photoresist substance, including a photo-acid generator or surfactant, or as a component of an anti-reflective coating, used in a photomicrolithography process to produce semiconductors or similar components of electronic or other miniaturized devices” from consideration as a significant new use subject to reporting under the Toxic Substances Control Act.

In 2006, the European Union adopted a Marketing and Use Directive that exempts photoresists and ARCs used in photolithography from restrictions imposed on other PFOS uses.
These exemptions reflect, among other things, the fact that the photolithography process already incorporates significant emissions control measures.  It also recognizes that the industry is already incentivized to minimize photoresists wastes in the photolithography process because of the small amounts of photoresist used, their high cost, and the requiment for consistent reproducible features.

Because we have already committed to phasing out PFOS use in non-critical applications, we believe that global control measures to ban such non-critical uses, while not essential in light of our industry commitment, remain available as potential control measures that the industry could accommodate.


	(ii) Technical feasibility
	The manufacture of advanced semiconductor devices is not currently possible without the use of PFOS in photoresists and ARCs.  Any control measure on PFOS production or use that restricts the use of PFOS in these critical applications would therefore have a drastic effect on the industry, as well as on the vast number of downstream user sectors that depend on semiconductor technology.  (For more detailed discussion, please see Alternatives - Technical Feasibility).

	(iii) Costs, including environmental and health costs
	An exemption from restrictions on the use of PFOS in critical applications in semiconductor manufacturing would have negligible environmental and/or health costs given the de minimis releasesfrom critical photolithography uses described above.  

In contrast, the costs in terms of socio-economic impact of control measures that might somehow preclude the use and continued supply of PFOS for critical applications in PFOS would be enormous.  These effects are discussed further below, in Part C.


Explanatory notes:
3.
If relevant, provide information on uses for which there may be no suitable alternative or for which the analysis of socio-economic factors justify the inclusion of an exemption when considering listing decisions under the Convention. Detail the negative impacts on society that could result if no exemption were permitted.
4.
 “Risk reduction goals” could refer to targets or goals to reduce or eliminate releases from intentional production and use, unintentional production, stockpiles, wastes, and to reduce or avoid risks associated with long-range environment transport.
5.
Provide the costs and benefits of implementing the control measure, including environmental and health costs and benefits.

6.
Where relevant and possible “costs” should be expressed in US dollars per year.
	B. Alternatives (products and processes) (provide summary information and relevant references):

	(i) Describe alternatives 


	Some alternatives to PFOS have been created for non-critical uses (e.g., developers, edge bead removers).  However, where substitutes exist, there is a time requirement to fully assess and determine where the materials could appropriately be introduced into the complex manufacturing processes for each individual product.  There are also costs and other barriers associated with substitution.  Furthermore, these alternatives are not useful in all other PFOS applications (e.g., photoresists), nor in every use within an application (e.g., transistor contact layer versus upper metal/wire layers are very different technically).  Moreover, even within the semiconductor industry, technologies are not consistent.  What works for one application, or one company, will not necessarily work for another application or another company.
Despite significant research and development in recent years, there are no alternatives available that would allow for the comprehensive substitution of PFOS uses in the critical applications described above. No current alternatives provide a comparable level of performance to PFOS in all of the sensitive and complex photolithographic applications where accuracy and consistent reproducibility is essential.  The environmental risks posed by any such substitutes, once identified, would also have to be evaluated to determine if they represent safer alternatives to PFOS.  The transition to alternatives is therefore limited primarily by technological and innovation constraints.


	(ii) Technical feasibility
	Although research on alternatives is ongoing, it is important to understand the long lead-time required to integrate technological innovations into the semiconductor technology and production development cycle.

If alternatives to PFOS are eventually identified at the fundamental research stage, they will not simply replace PFOS in existing manufacturing lines.  There are no drop-in substitutes.  More important, the nature of semiconductor production is such that any adjustment to the chemistry of inputs at any stage of the process will trigger far-reaching adjustments throughout the manufacturing process and supply chain to ensure that the chemical processes throughout the production process remain aligned.  Those adjustments will in turn require new machines, which must be tested and evaluated at each stage of development.   

Thus, it could take an additional ten years to design, operationalize and integrate the new technology, once it has been identified, into the semiconductor manufacturing process.  The delay is a necessary function of the semiconductor technology development cycle: technological innovations generally require 10 years of further development -- including research and development by suppliers who need to match new chemical processes with manufacturing equipment, integration of that new chemistry and equipment into a functioning tool capable of use in high-volume production, and a demonstration phase during which that tool is incorporated into manufacturing systems -- before they can be reflected in high volume manufacturing.  As a result, any requirement to phase-out PFOS use at the present time would effectively shut down the semiconductor manufacturing process for the foreseeable future.

Despite these significant technical challenges, the semiconductor industry recently signed an agreement to curtail the use of PFOS-based chemicals at the global level.  This industry-wide agreement reflects the semiconductor industry’s continued responsiveness to concerns about potential environmental and human health impacts related to the use of PFOS.

Under the agreement, members of the World Semiconductor Council, which comprises the trade associations representing the microchip industries of most of the world’s leading semiconductor-producing countries (including SIA, ESIA and trade associations in Asia), and SEMI have committed to the following actions: (i) ending non-critical uses for PFOS by specific dates; (ii) working to identify substitutes for PFOS in critical uses for which no other materials are presently available; (iii) destroying solvent wastes from critical uses; and (iv) taking other steps to mitigate the potential environmental impacts of PFOS use in these critical applications.  

	(iii) Costs, including environmental and health costs
	It is not possible to quantify the costs that will ultimately be involved in replacing PFOS with alternative substances, given that such alternatives are not currently available.  The requirements for innovation and the limits of technical feasbility -- not cost -- are the factors that currently limit access to alternatives.

If those hurdles can eventually be overcome, however, there will be substantial costs associated with the transition to the use of alternative substances in the photolithograpy process.  We estimate the following costs based on the fact that any alternatives that may be developed will not be drop-in substitutes for PFOS and will therefore require the development and implementation of completely new photoresist systems  

R&D costs to develop a new system: Replacing existing resists systems would require extensive R&D followed by a time-consuming manufacturing process requalification.  The development cost of a completely new photoresists system - one resist system - for the industry has been estimated at US$192M for 193nm resist, $287M for 157nm, and US$218M for EUV resist.  The cost for 157nm resist development is the highest, because it has more novel requirements than either 193nm or EUV resists.  See “The business case for the continued need of PFOS,” International Sematech position statement (December 2004).
Introduction costs of new system into high volume production: The development process for technology introduction typically takes 18-24 months after the resist has been proven production worthy (capable of high speed production with acceptable yields).  The introduction process starts by producing a small volume of wafers and ramping the factory’s production to full volume over 18 to 24 months.  This is normally a time of improving yields.  The exact data for technology introduction is proprietary information that varies from company to company.  However, initial yields are well below 30% and take the full introduction time to reach 70% and higher.  In full production, these yields will reach over 90%.  So far the industry has not had to change resists in the middle of a technology, but if it had to, some assumptions can be made.  Introducing a new resist requires a qualification process.  This qualification is costly and involves many engineers.  If development engineers are working primarily on legacy resists, they cannot work on the newest technologies and the total technology development timeline will be impacted.
This direct cost cannot be estimated, since it will vary by company.  However, market costs associated with a resist infrastructure can be projected, as illustrated in the scenario below (assuming a requirement the change in resist infrastructure occurs simultaneously worldwide):
Assume that the introduction yield starts at 30% and increases 3% per month over the next 18 months to a high volume production yield of 81%.  A typical advance wafer manufacturer runs 20,000 good wafers per month (98% yield) in one fabrication facility (“fab”) with a value of $5,000 per wafer (totaling US$100M per month).  Over these 18 months, that fab would have generated US$1.8B in revenue.  Revenue for the fab converting to a new resist would have been approximately US$1.1B, a reduction in contribution to the economy of US$0.7B over the 18 months.  Additional revenue would be lost as the facility increases its yield to 98% with current manufacturing methods.  Furthermore, it has been shown that a delay in the introduction of a new product (i.e., the time-to-market) costs a manufacturer over US$2M per day in profits for each day introduction is delayed.  See “The business case for the continued need of PFOS,” International Sematech position statement (December 2004).
It should be noted that each semiconductor manufacturer or each production site has considerably more than one resist, ARC or developer in use.  The number of these products and processes strongly depends on technology requirements and processes and product mix.  The substitution efforts may, therefore, comprise a considerable number of substances and processes, and the costs will be a corresponding multiple of the substitution costs for one single substance.  It should also be noted that many resists are specifically tailored to one individual company’s process, so a valid replacement for one does not mean it can be necessarily applied industry-wide.

	(iv) Efficacy 
	As noted above, there are many barriers to completely eliminating PFOS from critical uses.  The primary barrier is the need for an innovation or invention.  Aside from the significant time involved, there are also direct costs of the R&D, the loss of product to the customer base (due to diverted resources on development), and the loss of technological progress in the economy (due to complete product redesigns).

	(v) Risk
	The environmental and health risks posed by any PFOS-substitutes would have to be evaluated.  Because they do not yet exist, it is not possible to compare them to PFOS at this time.

	(vi) Availability
	  See discussion above.

	(vii) Accessibility
	  See discussion above.



Explanatory notes:

7.
Provide a brief description of the alternative product or process and, if appropriate, the sector(s), use(s) or user(s) for which it would be relevant. 

8.
If several alternatives could be envisaged for the chemical under consideration, including non‑chemical alternatives, provide information under this section for each alternative.
9.
Specify for each proposed alternative whether it has actually been implemented (and give details), whether it has only reached the trial stage (again, with details) or whether it is just a proposal.
10.
The evaluation of the efficacy should include any information on the performance, benefits, costs, and limitations of potential alternatives.
11.
Specify if the information provided is connected to the specific needs and circumstances of developing countries. 

12.
The evaluation of the risk of the alternative should include any information on whether the proposed alternative has been thoroughly tested or evaluated in order to avoid inadvertently increasing risks to human health and the environment. The evaluation should include any information on potential risks associated with untested alternatives and any increased risk over the life-cycle of the alternative, including manufacture, distribution, use, maintenance and disposal.

13.
If the alternative has not been tried or tested, information on projected impacts may also be useful.

14.
Information or comments on improving the availability and accessibility of alternatives may also be useful.

	C. Positive and/or negative impacts on society of implementing possible control measures  (provide summary information and relevant references):

	(i) Health, including public, environmental and occupational health


	The semiconductor industry recognizes the potential environmental and human health impacts attributed to PFOS, and for these reasons has entered into the global commitment described above.  We also recognize, however, that the vast bulk of these impacts are attributable to the dispersive and largely uncontrolled uses of PFOS in other sectors.
For the reasons noted above, implementing possible control measures to restrict the semiconductor industry’s use of PFOS in critical applications would have no measurable impact on public, environmental and/or occupational health, because current impacts are de minimis already.  Manufacturing tools are typically enclosed and completely automated, making atmospheric emissions and worker exposure highly unlikely.  Furthermore, the final product does not carry any traces of PFOS.

PFOS emissions during the manufacture process are de minimis when compared to past uses or use by other sectors.  As noted in the European Union’s Scientific Committee on Health and Environmental Risks (“SCHER”) report entitled “Opinion on ‘RPA’s report ‘Perfluorooctane Sulphonates: Risk reduction strategy and analysis of advantages and drawbacks,’’” it is likely that most of the actual PFOS emissions and distribution in the environment are caused by the presence of large quantities of PFOS in historical applications with high environmental and end user exposure potential such as carpets, textiles and fire fighting foams.   The report states that “[t]he contribution of the confirmed on-going industrial/professional uses to the overall risks for the environment and for the general public are probably negligible with regard to the sectors photographic industry, semiconductor industry and aviation industry.”
 

	(ii) Agriculture, including aquaculture and forestry
	Same as above.

	(iii) Biota (biodiversity) 
	Same as above. 

	(iv) Economic aspects
	Any implementation of control measures that effectively precluded the use of PFOS in critical applications for semiconductor manufacturing would likely shut down high volume production semiconductor manufacturing.  This action would have a drastic effect on the global economy.
2005 global sales were US$228 billion, with initial estimates for 2006 well above US$260 billion.  The semiconductor industry employed 226,00 people in the United States and 87,000 in Europe.  Global employment in the industry was approximately 500,000 in 2003, but this figure has certainly increased.
Semiconductors are a seminal technology that drive innovation and growth in all sectors of the global economy.  In 2004, the electronics industry had revenues of US$1.24 trillion.  Industries where electronic content is essential, such as the auto, defense, medical, space, gaming, telecom, internet provider and broadcast sectors, achieved overall revenues of US$5.0 trillion.  When added together, this accounts for approximately 10 percent of the overall global economy.

	(v) Movement towards sustainable development


	Any implementation of control measures that effectively precluded the use of PFOS in critical applications for semiconductor manufacturing  would limit the integral role that semiconductor technology already plays in supporting sustainable development around the world.  Semiconductors are the main drivers of information and computer technologies; the U.N. Millennium Development Goals specifically call for greater availability of these technologies for all communities.  



	(vi) Social costs
	Any implementation of control measures that effectively precluded the use of PFOS in critical applications for semiconductor manufacturing would have tremendous negative societal costs, preventing access to life-changing technology and hindering innovation of new technologies with great potential societal benefit. 

As noted above, the semiconductor industry is vital to the global economy.  In addition, many industries also depend on semiconductor technology to achieve scientific breakthroughs, reduce environmental impacts, improve quality of life and even save lives.  For example, medical professionals rely on semiconductor-powered computers to study genetic codes model drug interactions.  Scientists track animal or fish migration through the use of chip technology.  Cell phones, made possible through semiconductor innovation, have provided many previously non-serviced communities with the benefits of communication.  Semiconductors are integral components in a vast and wide array of products, making them better, safer and more environmentally-friendly.  


Explanatory notes:

15.

Socio-economic considerations could include:
· Any information on the impact (if any), costs and benefits to the local, national and regional economy, including the manufacturing sector and industrial and other users (e.g., capital costs and benefits associated with the transition to the alternatives); and impacts on agriculture and forestry;

· Any information on the impact (if any) on the wider society, associated with the transition to alternatives, including the negative and positive impacts on public, environmental, and occupational health. Consideration should also be given to the positive and negative impacts on the natural environment and biodiversity. 

· Information should be provided on how control measures fit within national sustainable development strategies and plans.
	D. Waste and disposal implications (in particular, obsolete stocks of pesticides and clean‑up of contaminated sites) (provide summary information and relevant references):

	(i) Technical feasibility
	Semiconductor chips do not contain PFOS, and therefore pose no PFOS-related risks at end-of-life.  


	(ii) Costs
	N/A



Explanatory note:
16.
Specify if the information provided is connected to the specific needs and circumstances of developing countries.

	E. Access to information and public education  (provide summary information and relevant references):

	For more information on industry innovations regarding PFOS alternatives, please see the following websites: 
· SIA: http://www.sia-online.org/home.cfm
· EECA-ESIA: http://www.eeca.org/esia.htm
· SEMI: http://www.semi.org/
·  


Explanatory note:
17.
Please provide details here of access to information and public education with respect to both control measures and alternatives.

	F. Status of control and monitoring capacity (provide summary information and relevant references):

	As part of the WSC/SEMI global commitment described above, the industry has already committed to the following information-sharing commitments:

Every 2 years the WSC and SEMI will collect and make available aggregated industry information to provide a transparent communication of industry progress:

a) the results of PFOS wastewater treatment evaluations including any wastewater measurement data;

b) a description of the current relevant research and development activities and any conclusions including the results of collaboration with equipment and chemical suppliers; 

c) industry phase-out schedules that are known for critical uses in semiconductor manufacturing and processing; and

d) the results of the PFOS mass balance model.



Explanatory note:

18.
With regard to control capacity, the information required is on legislative and institutional frameworks for the chemical under consideration and their enforcement. With regard to monitoring capacity, the information required is on the technical and institutional infrastructure for the environmental monitoring and biomonitoring of the chemical under consideration, not monitoring capacity for alternatives. 

	G. Any national or regional control actions already taken, including information on alternatives, and other relevant risk management information:

	As noted above, the United States Environmental Protection Agency exempted PFOS from consideration as a significant new use for certain critical semiconductor manufacturing applications in 2002.

In December 2005, the European Commission proposed a Directive that effectively exempts photoresists and ARCs used in photolithography from marketing and use restrictions.  The European Parliament in late October 2006 reviewed the proposal in first reading and approved it subject to some amendments.  Notably, the exemption for PFOS-use in photoresists or anti reflective coatings for photolithography processes remains unchanged in Parliament’s adopted text.  The Directive would enter into force once the proposal has been approved by the Council of Ministers and published in the EU’s Official Journal.


Explanatory notes:
19.
Actions or measures taken could include prohibitions, phase-outs, restrictions, cleanup of contaminated sites, waste disposal, economic incentives, and other non-legally binding initiatives.

20.
Information could include details on whether these control actions have been cost-effective in providing the desired benefits and have had a measurable impact on reducing levels in the environment and contributed to risk reduction.

	H. Other relevant information for the risk management evaluation:

	The detailed workings of semiconductor manufacturing are exceedingly complex, and the industry believes that the POPRC should have a solid grasp of their fundamentals in order to evaluate risk management options.

We are prepared to make technical experts available to the POPRC to assist with that work.  If it would be helpful to convene a special meeting on these issues, we would be pleased to set that up.

We appreciate the opportunity to provide our input to the POPRC.  We are look forward to engaging with the Committee as the process moves forward.




Explanatory notes:
21.
The above list of items is only indicative. Any other relevant information for the risk management evaluation should also be provided.
	I. Other information requested by the POPRC:

	


___________________
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