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Integrated Life-cycle Assessment for semiconductor manufacturing
processes using the Environmental Value Systems Analysis and

EIOLCA

Uday Ayyagari , Nikhil Krishnan and Joaquin Rosales
Sponsored by NSF/SRC and Applied Materials

1. Introduction

The Environmental Value Systems Analysis (EnV-S) was developed at UC Berkeley to
support environmental decision making in semiconductor manufacturing [1-4]. The EnV-
S methodology has been successfully used through several studies on quantitative
evaluation and comparison of environmental solutions. A significant advantage of the
EnV-S framework (Figure 1) is that it is process or tool-centric. Some of the features of
this methodology [5] include:

1) The model is focused on the process tool and the
support equipment.

2) The model output is in terms of important business
metrics such as Cost of Ownership (CoO).

3) All controllable variables that significantly affect the
key outputs are factored in.

4) The model enables a sensitivity analysis for those
controllable variables.

5) “What-if” comparisons between various solutions are
enabled.

Some examples of past EnV-S studies include Copper CMP wastewater treatment and
PfC abatement and have involved semiconductor equipment suppliers and device
manufacturers alike.

2. Life cycle Assessment using EnV-S and EIOLCA

In recent years, the semiconductor industry is seeing a move towards Life Cycle
Assessment (LCA), which is the idea that the environmental impacts of a product should
be evaluated across all stages of its life-cycle, i.e. production, use and disposal.
Consequently, the scope of the analysis is expanded from within-facility environmental
impacts to economy-wide environmental impacts. The EnV-S tool in its present form is
capable of evaluating the Environmental Cost of Ownership (CoO) and environmental
impacts with the ‘Fab’ boundaries, i.e. over the manufacturing phase of a semiconductor
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Figure 1. EnV-S Framework



device. However, in order for manufacturers to obtain a more holistic view of the
environmental impacts, in keeping with the life-cycle perspective, it is essential to
quantify the upstream impacts in addition to those within the facility boundaries. In order
to meet this goal, a hybrid LCA approach consisting of the EnV-S and Economic Input-
Output Life Cycle Assessment (EIOLCA) is considered.

The EIOLCA method [6] is based on the premise that unit economic output of one sector
links to economic outputs of many other sectors. The Department of Commerce's
485x485 commodity input-output model of the US economy serves as the basis for this
method. Using this model, dollar values of inputs can be translated to economy-wide
environmental impacts using several different available databases, thus quantifying the
life-cycle impacts of the input materials, products or services. Some of the advantages of
EIOLCA are that it is comprehensive in terms of economy-wide impacts, is relatively
easy to use and freely available, and provides quick estimates.

In the proposed hybrid approach, the EIOLCA method is used to quantify upstream
environmental impacts. On the other hand, the EnV-S tool quantifies impacts within the
facility, thus providing semiconductor manufacturers with a comprehensive estimate of
life-cycle environmental impacts.

2.1. Case study 1: copper CMP

In order to evaluate the life-cycle impacts of Copper CMP using the hybrid LCA
approach, a set of typical process parameter values is used, as shown in Table 1. The
corresponding economic values of these parameters, which serve as inputs for the
EIOLCA model, are also shown.

Liquid
Primer 21 g/min 0.01 $/wafer
UPW 7514 g/min 0.07 $/wafer
Slurry 0.13 gal/wafer 3.99 $/wafer
Other additives 0.08 g/min 0.00 $/wafer

Solid
Pad 293 wafers/item 0.75 $/wafer
Pad conditioning 167 wafers/item 0.60 $/wafer
PVA brushes 2333 wafers/item 0.13 $/wafer
Other consumables 2933 wafers/item 0.26 $/wafer

Electricity 3000 W 0.01 $/wafer

Copper CMP totals for a "typical" process

Table 1. Copper CMP process parameters and economic values.



The upstream impacts per 1000 wafers corresponding to these inputs, were then
evaluated using the EIOLCA methodology along the following six categories: (a)
Electricity Use, (b) Water Use, (c) Conventional Pollutants, (d) Toxic Releases, (e)
Hazardous Waste Generation, and (f) GWP or Global Warming Potential. The results are
as shown in Figure 2.

2.2. Case study 2: the CVD TEOS process

The values of process parameters for a typical CVD process for depositing TEOS were
defined, and the corresponding economic values of these input parameters were used as
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Figure 2. EIOLCA results for a “typical” Copper CMP process.

Totals for a"typical" CVD TEOS process

Usage Cost ($/100000 wafers)
Utilities

Electricity* 0.6 kWHr/Wafer 3025

Industrial City Water** 32 gpm 7770
High Purity Nitrogen 60000 sccm 2800

Process Chemicals 210000
Chamber Clean Chemicals 56650

Consumables and Maintenance Parts 32570

Equipment (Mainframe and Abatement) 1 item/5 yrs 140270

Table 2. CVD TEOS process parameters and economic values.
*Includes Mainframe and Abatement devices

** Includes Mainframe, Abatement, Heat Exchangers and pumps

*Includes Mainframe and Abatement devices
** Includes Mainframe, Abatement, Heat Exchangers and pumps



inputs for the EIOLCA model, as with the CMP case. Table 2 lists the input values used
for the analysis.

As with the CMP case, the results were evaluated along six categories and are shown in
Figure 3.

3. Discussion

The application of the Hybrid LCA approach, combining the EnV-S and EIOLCA
methodologies to CMP and CVD, shows promising results in terms of providing a quick
overview of the upstream environmental impacts of semiconductor manufacturing
processes. As opposed to conventional LCA studies, which are relatively expensive and
take a long time to complete, this approach provides estimates within a short time and
very little use of resources. Additionally, the results from an input-output type LCA are
potentially more comprehensive than conventional LCA studies with an ‘economy-wide’
system boundary.

Before this hybrid approach can be made to work reliably for semiconductor processes,
however, a few outstanding issues have to be resolved. The extensive use of specialty
chemicals in the semiconductor industry presents a major challenge, because the high
economic value of these chemicals does not reflect a proportionate increase in
environmental impacts, thus introducing inaccuracies in the EIOLCA results, which are
directly scaled with economic value. Hence, further improvements of this hybrid
approach are necessary to deal with specialty chemicals and other anomalies which the
EIOLCA cannot handle. A three way hybrid approach, combining the EnV-S and
EIOLCA with conventional SETAC-type LCA to better model specialty inputs, will thus
be investigated towards this end. Additionally, new techniques to deal with uncertainty
issues relating to the available data will also be addressed.
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Figure 3. EIOLCA results for a “Typical” Copper CMP process.
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