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largely dependent on the function or design of the minienvironment, e.g., large open areas for
outgoing airflows through the minienvironments. Less opening area could be achievable by the

use of closeable doors at the local area but it was not adopted at the facility site studied.

6.3.3 Effectiveness of Particle Control

Maintaining the particle concentration within the prescribed cleanliness level is the key of
effective particle control. Particle concentration was measured for particles with the sizes
ranging from 0.1 um to 3 pm within the five minienvironments studied. The particle counter
was set to run 30-second samples with a 3-second delay between samples. The sampled particle
counts per space volume were then averaged as reported in Table 4. The measured concentration
during normal operation was all less than one and was rounded as zero. This was below

the particle concentration thresholds for minienvironments with ISO-Cleanliness-Class-3 rating,
i.e., no more than 1,000 counts of 0.1-um particles per cubic meter, or 35 counts of

0.5-um particles per cubic meter, of the minienvironment spaces [18]. This indicates that all five
minienvironments that were tested in this study have satisfied or even surpassed the minimal

environmental requirements for ISO-Cleanliness-Class 3 at the time of particle measurements.

In this study, supplying and controlling the airflows through the HEPA/ULPA filters of the
fan-filter units in the minienvironment was sufficient to maintain particle concentration within
the required range for the ISO-Cleanliness-Class 3 spaces, even though the actual pressure
differential between each minienvironment and the enclosing cleanroom was much lower than

the IEST recommended range or the rule of thumb.
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7. Conclusions and Recommendations

By building protective enclosures that are combining this with other design elements within
cleanrooms, it is feasible to create minienvironments that are much cleaner than common
cleanrooms by several levels of magnitudes. This study investigated the characteristics and
environmental performance of ISO-Cleanliness-Class-3 minienvironments that was designated,
housed, and operated within a traditional, larger ISO-Cleanliness-Class-4 cleanroom. The field
measurements included pressure differential, airflow rates, particle concentration, in addition to

concurrent electric power demand for minienvironments and the cleanroom.

Based upon the field measurements, analyses, and comparisons with cleanrooms with less-

cleanliness, the following conclusions are drawn:

e Minienvironments in this study appeared to be effective in maintaining
particle-concentration levels well below what was designated. In addition, the
minienvironments exhibited large variations in physical sizes, airflow speeds, and

air-change rates.

e The air-pressure differentials between minienvironment space and its surrounding space
appeared to be very low, ranging from 0.025 Pa up to 0.175 Pa. The measured pressure
differentials were considerably lower than the standards adopted in the industries
(ranging from 2.5 Pa to 12.5 Pa pending various applications). This indicates
opportunities and challenges in improving the guidelines and environmental control for
minienvironments through optimizing design, regulating airflow rates, and air-pressure

differentials between minienvironment and its surrounding space.
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This field study provides quantitative data to characterize the environmental performance of
minienvironments that were in operation at a steady state. Additional investigations would be
needed for further evaluating acceptable ranges of airflow speeds and air-change rates in
minienvironments, pressure differential between minienvironments and the surrounding spaces,
and their association with cleanliness levels under various operational stages, e.g., as-built, at-
rest, operational, and unexpected disturbance or interruptions. Finally, there is a need to further
investigate and address airflow control parameters in guiding documents in future editions, such
as ANSI-accredited IEST RP 28.1 — Minienvironments, in order to maximize its usefulness in the
case by case situations, and to benefit sustainable development of the industries using

minienvironments.
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