New Standards for Cleanroom Design

In an open letter published in the Journal of the Institute of Environmental Sciences (IES), Ms
Anne Marie Dixon (Chairman of the US Technical Advisory Group (TAG) to ISO/TC 209), urged US
companies to help in establishing new standards for cleanroom design. She went on to explain that
only a few managers realise the benefit of Global Standards, while many feel it a "necessary evil"
or cost of doing business.

In the semiconductor industry the pressure is on
minimising the time that a facility can be fully
operational while maximising the yield for the
production of microchips. In order to achieve this
goal the use of traditional methods of cleanroom
design are inadequate. This is because the
performance of a cleanroom is determined by
extremely complex physical laws which in turn
has forced the designers and operators to adopt
methodologies based on past experience and
simplistic rules-of-thumb. Often these relate to
assumptions about the way the air should move
to achieve the desired effects. Ultimately the
performance for the facility will be controlled by
a combination of interactions between
obstructions, layout of equipment, heat and
contaminant sources and proposed ventilation systems.

The only scientific method of predicting cleanroom conditions like those shown above, is by solving
the equations governing the physics of fluid flow and heat transfer appropriate to the built
environment in question, defined by the Navier-Stokes equation.

The numerical methods that are used
to solve these equations are
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corporations in the world. However,
with the advent of cheap computer
power and the tailoring of CFD
software for the specific industrial sectors it is now feasible to apply these techniques to help with
fast moving design engineering applications.

In 1988 Flomerics identified the need for industry focus. As a result the FLOVENT CFD program for
airflow modelling was developed to address the needs of the mechanical engineers designing
ventilation systems for building environments. This was further backed by the creation of a
FLOVENT Modelling Services department with the sole remit of training and providing consultancy
to the building services industry.

To set standards for cleanroom design the use of such a predictive tool is essential. Following are
examples performed by IDC and Flomerics, using, the ventilation design specific CFD software
FLOVENT.

These figures show that creating laminarity in the room is not as simple as it might seem.


http://www.ies.com/
http://www.flomerics.com/flovent/applications/semistd/sstd1.jsp

Ballroom - The Importance of Building
Configuration

== The supply air configuration to the plenum
(picture top) shows a large re-circulation in the
ceiling void creating uneven pressures and non-
uniform flow through the HEPA filters. This is
strongly coupled with the room air movement
and the location of return air chases (left).

The result is that even in the empty room the air
flow is 45° and more from the vertical. Use of
airflow modelling can help in trying various
design alternatives to help resolve such issues
without the need for experimental work.

Clean Room - Contamination Control

The calculation of airflow and heat transfer as already shown here provides the ability to predict

the distribution of contamination in a given space. In the case of a typical cleanroom, local flow

around the equipment is often key to the distribution of airborne contaminants which in very low

concentrations can have catastrophic results. The example here (courtesy SGS Thomson

Microelectronics) shows the effect of changing the local extract performance on the chemical baths
and the sash length.

The original configuration, left,
carries significant
concentrations from the
chemical baths over the sill
which are deposited as a fine
powder on equipment. The inset
shows the equipment as semi-
transparent so that the
contamination can clearly be

area behind as the air is re-
circulated. The revised
configuration, right, shows how the over-spill can be reduced when changes are made to the
exhaust and sash (click on images for more detail).

In Conclusion

These examples are just a few instances when the use of airflow modelling techniques can provide
a dramatic improvement in the effectiveness of ventilation systems, by providing an insight into
the performance of a proposed or existing design in terms of the temperature distribution, airflow
and contamination control.

The three primary benefits of using airflow modelling have been shown as :

e The ability to anticipate potential design inadequacies so that they can be remedied before the
facility is constructed.

e The ability to quickly and efficiently reveal areas of opportunity for improved performance in
operating clean rooms.

e The ability to model a variety of options for both planned and operating cleanrooms so that the
most economical solutions can be pursued with a high degree of confidence.


http://www.flomerics.com/flovent/applications/semistd/sstd5-2.jsp
http://www.flomerics.com/flovent/applications/semistd/sstd5-1.jsp
http://www.flomerics.com/flovent/applications/semistd/sstd2.jsp

The most important aspect of these techniques is the fact that they are the only scientific method
of assessing the performance of, and selection of the best cleanroom design concept.

In fact there are intangible cost benefits

such as
cost benefits associated with reducing capital and operational costs.



