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February 8, 2007
TO : Chemical Management Policy Division
Ministry of Economy Trade　


    　　　
and Industry of Japan
　　　　　　　　　　　　Tetsuro Matsumoto

Chair of Semiconductor Policy 



　　                           　 　　& Operation Committee, JEITA
(Japan Electronics & Information Technology Industries Association)
Kazuhiro Anraku

Chair of Semiconductor ESH Committee, JEITA
「Problems faced by the Semiconductor Industry in the Event that PFOS （Perfluooctanesulfonic acid and its salts ) is Listed in the Stockholm Convention on Persistent Organic Pollutants (POPs)」
· The semiconductor industry has long used PFOS in photoresists (hereinafter “resists”), anti-reflective coatings (“ARCs”), developers, chemical etchant and polyimide, etc. However, since about 2000, when its effects on the environment were identified as a problem, semiconductor manufacturers have been considering and implementing the alternatives in collaboration with chemical materials suppliers and equipment manufacturers. As a result, the PFOS consumption in the semiconductor industry in Japan has been reduced to about 25% over the past three years (approx. 1.2 tonnes p.a. in fiscal 2005).
· However, in photolithography process, one of the most critical processes in semiconductor manufacturing, PFOS has been used in the contents of ARCs and resists. It is essential for achieving the accuracy and precision required for exposing fine patterning. Also no alternatives that can yield its properties has been found. (So, ARCs and resists are defined as the “CRITICAL USE” of PFOS in semiconductor industry.) 
· In World Semiconductor Council (“WSC”), the semiconductor industry has been doing a serious deliberate for several years to solve this problem. In this deliberate we categorized of the usage of PFOS to “CRITICAL USE”, which includes PAG/resists and ARCs essential for the photolithography process and “NON-CRITICAL USE” which means use of the other than PAG/resists and ARCs such as developers, echants and polyimide,etc. WSC issued a statement that CRITICAL USE of PFOS shall be tightly controlled in semiconductor manufacturing to realize minimal discharge to the environment. And NON-CRITICAL USE of PFOS shall be completely abolished by 2009, by substituting other chemicals that serve the same purpose adequately.
· In case no alternatives can be found and no exemption from the ban for PFOS in critical use, the world semiconductor industry will be seriously damaged to produce fine patterning (≦ 90nm) devices. Furthermore, in this case, no cutting-edge devices are available to the electronics industry and the automobile industry and so forth, there would be unprecedented damage to the global economy. 
In fact, around 70% of the PAG/resists and ARCs materials for fine patterning are manufactured in Japan and around 80% of the raw materials are also produced here.
· In the listing of pollutants in the Stockholm Convention (Nov-2007), key message from us is urging to take steps that will provide limited exemption of PFOS from the ban for critical uses for PAG/resists and ARCs in the semiconductor industry. 

Reference:

1. PFOS consumption volume in the semiconductor industry in Japan.
· Critical use : Resists/PAG, ARCs
· Non-critical use: Developers, etchants and polyimide, etc.

	Consumption
	FY 2003
	FY 2004
	FY 2005

	Critical use
	1,009 kg
	1,072 kg
	1,172 kg

	Non-critical use
	2,917 kg
	1,690 kg
	6 kg


2. Definition (exposition) of “CRITICAL USE”
Fine patterning in photolithography requires short wavelength illuminant and, currently, semiconductor fabricate with high resolution ArF or F2 ,excimer laser (193,157 nm).But on this process because of its shallow depth of focus, increasing the focus depth requires special resists which include PFOS.

Resists are photographic sensitive materials used for making circuit patterns and the resists for fine patterning need to contain a substance called photoacid generator (PAG) includes PFOS. PAG generates hydrogen ions by exposing with the laser, and an anisotropic chain reaction occurs, thus increasing the depth of focus. So, PAG is essential to fine patterning and according to the materials suppliers, without the specific properties of PAG, the fine pattern semiconductor manufacturing requirements can not be realized.

On top of this, semiconductor manufacturing needs to use PFOS on ARCs process which coats with PFOS on the top and/or bottom of resists to prevent halation during the photolithography. ARCs are categorized as the top antireflective coating (TARC) and bottom antireflective coating (BARC). Halation happens if the light reflects materials at the bottom of the resist and that causes distortion in formation of the circuit patterns as a result of the light reflecting at angles on the step edges and then results in open circuits and other defects.

Even if the alternatives would be newly developed in future research, another 10 to 15 years would be needed for achieving solution due to subsequent trialing and assessment. Until then , there is no suitable alternatives available.

3. Stringent waste control 

Japanese semiconductor manufactures tightly control waste of PFOS contained materials both CRITICAL and NON-CRITICAL use. We collect and incinerate the wastes at very high temperature.  Some wastewater from manufacturing may be sent to off-site vendor for treatment and disposal.  The wastewater treatment technology may not completely eliminate PFOS.  There could be some PFOS discharge to wastewater.
4. Voluntary activities in WSC

The semiconductor industry has been accumulating information on the effects of PFOS on the environment for several years through the organizational activities of the World Semiconductor Council. The semiconductor manufacturers of the US, Europe and Asia (Taiwan, Korea, and Japan) have worked together to pass a resolution to abolish all non-critical PFOS use by 2009. At the WSC in May 2006, we also announced a resolution to undertake voluntary activities to look at continuous effort of research for alternatives in critical/essential use. To ensure these voluntary works will provide results, we also decided to create milestones as progress markers and conduct follow up studies at regular intervals.

5. Country reports

(1) US: At a public hearing conducted by the Environmental Protection Agency in December 2002, exemption from regulation of PFOS for essential use in the US semiconductor industry was approved. (67FR 72854 Dec 9)
(2) EU: An exemption similar to that in the U.S. was approved in October 2006. (76/769/EEC Annex Ⅰ)
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