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CLEANROOM TESTING & CERTIFICATION

Neudorfer Engineers specidizes in the testing and cetification of Cleanrooms.  Our fidd engineers
perform Cleanroom certification procedures in accordance with NEBB sandards, IEST recommended
practices, SO standards, owner specifications, and our company’ sinternal procedural standards.

We can peform this testing in your Cleanroom, laminar flow work dations and benches, fume hoods,
biologicd safety cabinets or any other environment that you may need tested for viable particle counts
and bioburden testing. Each of our clients has unique requirements; therefore, each of our testing plans is
individualy tailored to their specifications.

Listed below arethe most common test specificationsin use around theworld.

| SO 14644-1 and | SO 14644-2:

The ISO standards are recognized as the internationd Cleanroom standards. These standards are similar
in scope and requirements to the retired Federal Standard 209E. The 1SO standards are metric
dassfication only, and the particle count limits and room classifications do differ from Federd Standard
209E. The United States Government has adopted the 1SO standards and has phased out FS 290E.

Federal Standard 209E:

This is by fa the most commonly referenced test standard in use today. This standard was retired in
December of 2002 and is no longer a United States Federd Standard, athough, the FDA has
acknowledged that the fundamentas are sound and should be pat of a Good Manufacturing Practice
(GMP). The United States Government has adopted the 1SO standards, athough when Federd Standard
209E was in effect the standard provided for standardized classifications for arborne particle count levels
in cleen environments. This standard does not specify other environmentad parameters that may be
required, such as air velocity, room pressures, furniture, or room furnishing specifications, etc.

NEBB Procedural Standards:

Procedura Standards for Certified Testing of Cleanrooms, 1996 Edition. These comprehensve testing
sandards cover mogt environmenta parameters.  These standards expands the other standards and gives
the certifiersapracticd “how to” ingght into certification.

|ES RP-CC-0006.4:

This test standard provides test procedures for most environmental parameters that may be required.
Some of these procedures include filter integrity testing, room pressurization, tempersture and reldive
humidity, and room recovery testing, to name afew.

|[ES RP-CC-0034.1:
This recommended practice document covers the procedures for leak testing HEPA and ULPA filters.
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User Specified Limits:

It is very common for the Cleanroom owner or contractor to creste an in-house test standard that may
include aspects from al three standards listed above. We are able 0 assist the user in the development of
acomprehensive test standard that will provide a reasonable gpplicable test specification.

The table below describes the most common Cleanroom performance tests that we perform, and specifies

the common room condition in which the test(s) are performed.

Test Procedure Unidirectional Airflow Non-Unidirectional Comments
Room Airflow Room
Thistest may be performed with a
Supply Volume 123 123 velocity meter or flow hood.
Filter Leak Test 12 12 Using an aerosol challenge of PAO or

PSL, depending on product sensitivity.
Performed with an airborne particle
Airborne Particle Count 12 12 counter with size sensitivity suitable for
room classification.

Room Pressurization 123 123 Using digital micro- manometer.

Using dry ice fogger and visual, still
photo, or video tape recording.
Using particle generator and airborne

Room Airflow Uniformity 12 12

Room Recovery Test 12 12 particle counter
Particle Fallout Test 123 123 %ﬁ;?;ﬁ's' out plate monitors at critical
Room Lighting Level 123 123 h’ :n'&%g(')?(' tal photometer, per [ES
. Generally performed for contractual
Room Noise Level 123 123 compliance or safety requirements.
- Taken at each particle count location or
Temperature & Humidity 123 123 long-term trenz study, as required.
S Generally performed for contractual
Vibration Level 123 123 compliance or safety requirements.
Bioburden Test 123 123 Using RCS samplers, contract plates, or

fallout plates.

1. Indicatesthe test is best performed in an “as-built” condition.
2. Indicatesthetest isbest performed in an “a-rest” condition.
3. Indicatesthetest is best performed in an “operationd” condition.

The table above reflects the most common testing performed on Cleanrooms.

Cleanroom Performance Testing:

Since 1970 Neudorfer Engineers, Inc. has been providing, with unbiased professondism, performance
tesing of Cleanrooms. Our vaue-added expertise will ensure the best performance possible for your
fadlity.
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We can test and cetify a Cleanroom to ether Federd Standard 209E or Internationd Standard
Organization (1SO) 14644-1 requirements. We have the ingrumentation and experienced personnd to
certify everything from a Class 1 Cleanroom & 0.1 micrometers, to a Class 100,000 Cleanroom at 5.0
micrometers.

Performance testing can be done a three different levels of operation: “as-built” “a-rest” and
“operationd.” In the “as-built” condition, the room is complete, with no equipment or personne present.
In the “at-res” condition, the equipment is in the room, but not running, and there are no personnd
present. In the “operationd” condition, the room is operationd, with equipment running and personne
present.

The only performance testing required certifying a Cleanroom by ether standard is ambient particle
counts, which determine the cleanliness of the area. We, however, recommend additiond tests for a more
in-depth understanding of the Cleanroom. These additional tests include filters scan, pressurization,
arflov  veocity and uniformity, arflow padldism, temperature and rdaive humidity, floor
conductivity, and sound and lighting testing. Each of these tests will give you a better undersanding of
the environment of your facility.

The filter scan test is designed to ensure that the cealing system is indaled correctly and that there are no
leaks in the filter mediaor celling grid. A polystyrene test confirms that thisistrue.

The Cleanroom should be a a higher pressure than the surrounding, less- clean areas in order to prevent
contamination from entering the Cleanroom. The pressurization test confirms thet thisis true.

The arflow test is done to determine the velocity and uniformity of arflow through the clean space. The
arflow through each filter is measured and adjusted, as necessary, s0 that the ar entering the room is
within specifications. 1t sometimes is necessary to run laminar arflov and arflow padldism tests to
provethis.

The temperature and relaive humidity are measured over time to determine if the air handlers in the area
are able to esablish and maintain uniformity.

It is necessary in a Cleanroom to avoid build-up of dtatic eectric energy. We can measure the resistance
of the floor, both point-to-point and point-to-ground, to determine if the floor syssem meets the design
criteria.

Noise leve testing is used to measure the sound levels present in the Cleanrooms.  Sound levels are
compared to Noise Criteria (NC) Curves as a way of quantifying the actud levels to predetermined
industry standards. The more noise sensitive the usage of aroom, the lower the required NC level.

Light levels are measured to determine the amount of light at the working height in the Cleanroom.
(Thefirg haf of this paragraph is duplication of earlier copy.) (The page needs atitle.)
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Our company specidizes in the tesing and cetification of Cleanrooms.  Trained technicians perform
Cleanroom certification procedures in accordance with NEBB sandards, IEST-recommended practices,
ISO standards, owner specifications, and our own procedural standards. The company has developed a
catification program that offers cusomized performance evaudions, including precison filter integrity,
testing usng a fully computerized robotic scan, and a filter chalenge usng PSL spheres. Test data is
presented through field and office CAD Systems.

As a cetified member of the Nationa Environmentd Baance Bureau (NEBB) and a member of the
Inditute of Environmental Science and Technology (IEST), we work a home in the Pacific Northwest
and around the world. We can hdp you get your facility certified, providing professond service and
long-term solutions to any problem we come across, rather than quick, easy, short-term fixes,

Air Balanceand Adjustment:
If we determine during testing that air baance or sysem adjusments are required to meet your
contamination control requirements, we are often able to perform these adjustments oursdves, saving you

time and money.

HEPA Filter Repair/Replacement:
We can repair most damage we find during our filter lesk testing. When there is no problem that requires
filter replacement, we can perform this for you without mgor delay.

We are able to provide bioburden (viable particle count) testing at the sme time as we perform a norma
Cleanroom test and certification. We use RCS samplers and contact plates to collect viable samples from
various locations in your Cleanroom. The samples are then incubated in our contamination lab and the
total viable particles are counted and reported to you.

Cleanroom Testing & Certification:

We can verify requiste sandards in biologica or microdectronic fecilities for Cleanroom testing and
cetification ranges, from gspot testing to reviewing gpecifications, creation of test and certification
procedures for the FAB, and the deployment of test services.

We offer dandard tests for cetification of a Cleanroom during the commissoning and through full
operation for charge, damage or failure of the environment’s system components, and quality assurance.

Among tests conducted for Cleanroom certification are:
%5 ROOM pressurization testing to verify capabilities of the Cleanrooms air handler
%5 Airborne particle count test to compare Cleanroom classfication leve to cleanliness
=z HEPA/ULPA filter leak scan to determine the integrity of the ingtalled Cleanroom system
zz Ultra Viole (UV) light wave spectrum andyss desgned specificdly for measuring light within a
semiconductor lithography processing area.
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