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SECTION 01 45 23.13
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CLEANROOM TESTING AND CERTIFICATION

PART 1 GENERAL

1.1 SUMMARY

a. Section Includes:

1. This Section specifies the requirements of the Cleanroom
Certification Contractor (CCC), to measure and record the
cleanroom conditions at the completion of construction in the
as-built phase.

2. Retest as required after repairs, rep
are made to meet the cleanroom accepfy

ements, and adjustments
criteria.

3. Advise the Director and the Testing
Contractor (TABC) on the adjustment
access floor els and cleanroom

final cleanr certification.

ph subsection identification letters in Section 01 45 23.16 -
Certification Test Matrix, Table, Table 1, correspond to those
for the test instruments specified under paragraph 2.3 and their
respective test procedures specified under paragraph 3.3.

Perform specific acceptance and benchmark tests in the rated cleanrooms
described in Section 01 45 23.16 - Cleanroom Certification Test Matrix,
Table, Table 1. Meet the acceptance criteria listed in Section 01 45 23.16
- Cleanroom Certification Test Matrix, Table, Table 2 in the tested areas.

At completion of this as-built certification work, the customer may engage
the services of a testing and certifying contractor, hereinafter
referenced as the Hookup Cleanroom Certification Contractor (HCCC), to
measure and record the cleanroom conditions affected by ongoing process
tool move-in, installation, and hookup, continuing through the at-rest and
operating cleanroom occupancy phases as required.

1.3 DESIGN CRITERIA
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The following criteria have been extracted from Airborne Particulate

Cleanliness Classes:
limits designate specific concentrations

Class limits are given for each class name.
(particles per meter)

The
of airborne

particles with sizes equal to and larger than the particle sizes shown.
Particle sizes are given in micrometers.

ISO Class Class Limits
0.1 0.2 0.3 0.5 1 5
1 10 2
2 100 24 10
3 1000 237 102

352000 83200 2930
3520000 832000 29300
9 35200000 8320000 293000

b.

REGULATORY AND STANDARD PRACTICES REQUIREMENTS
International Organization for Standardization:

1. ISO Standard 14644-1 - Cleanrooms and Associated Controlled
Environments, Part 1: Classification of Air Cleanliness.

Institute of Environmental Sciences and Technology:
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1. IEST-RP-CC-006: Testing Cleanrooms.

2. IEST-RP-CC-007: Testing ULPA Filters.

3. IEST-RP-CC-024: Measuring and Reporting Vibration in
Microelectronics Facilities.

c. Federal Standards - MIL-STD-1916: DOD Preferred Methods for Acceptance
of Product.

d. Current edition of practices, methods, or standards as prepared by the
following technical societies and associations. When conflicts exist
between standards, notify Owner’s Agent in writing.

1. AABC: National Standard for Total System Balance.

2. AMCA Publication 203: Field Performance Measurements of Fan
Systems.

3. ANSI S1.13: Measurement of Sound Pre Levels in Air.

4., ANSI S12.2: Criteria for Evaluating

5. ASHRAE: Syst Handbook.

Procedural Standards for Certified Testing of Cleanrooms.
e. Definitions:

1. Refer to Section 01 35 13.46 - Clean Zone General Requirements,
for definitions applicable to this project.

2. Director: Clean Zone Director as defined in Section 01 35 13.49 -
Clean Zone Construction Management.

1.5 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by
the basic designation only.

ASTM INTERNATIONAL (ASTM)
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ASTM F50 Ref Title

ASTM D2240 (2015; E 2017) Standard Test Method for
Rubber Property - Durometer Hardness

1.6 SUBMITTALS

a. Architect approval 1s required for submittals with an "A"
designation; submittals not having an "A" designation are for
information only. When wused, a designation following the "A"
designation identifies the office that will review the submittal for
the Architect. Submittals with an "S" are for inclusion in the
Sustainability eNotebook, in conformance to Section 01 33 29,
SUSTAINABILITY REPORTING. Submit the following in accordance
with Section 01 33 00, SUBMITTAL PROCEDURES.

SD-01 Preconstruction Submittals
Qualifications; A, AE

Experience and References; A, AE

Testing and ification Procedu

ysiSelpproach; A, AE

eld Reports; A, AE

Field Logs; A, AE

Identification of Problems; A, AE
SD-11 Closeout Submittals

Final Certification Report; A, AE

Refer to the Submittal Schedule at the end of Part 3 for more detail on
the submittal requirements for this Section.

1.7 QUALITY ASSURANCE

a. Measurement: Sampling based upon accepted industry sampling and
statistical procedures.
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b. Equipment Calibration:

1. Traceable by serial number to the National Institute for Standards
and Technology (NIST) within the previous 6 months.

2. Calibrate test equipment that requires calibration within the
project work schedule, prior to any testing with the instrument.

c. The reference standards for field tests and project record documents
to be the IEST RP CC 006, Testing Cleanrooms, and NEBB Procedural
Standards for Certified Testing of Cleanrooms.

d. In event of conflict between the referenced standards or practices and
this Section, this Section to prevail. Report conflicting requirements
to the Owner’s Agent and Director. Once the Owner’s Agent and
Director resolves the conflict, proceed with work.

1.8 QUALITY CONTROL
a. Proposing Firms:
1. Current and active status and in g

of Environme Sciences and Test

ion within the firm and a minimum of 5 years of
ering education and experience testing and
tifying cleanrooms as a field engineer.

ecent experience over 2 consecutive years and at least two
previous projects acting as the project manager.

3. Thorough knowledge of theoretical and practical aspects of
cleanroom design and operation.

4. Have demonstrated procedures to correct cleanroom performance
deficiencies.

5. Available upon request, a list of projects similar to this project
that the project manager has managed or certified.

c. Field Engineer:

1. Minimum of 2 years of experience testing and certifying cleanrooms
as a field engineer or field technician.
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2. Have supervised field technicians assigned to complete the

testing and
certifying of the work.

3. Demonstrate basic knowledge of cleanroom systems and adjustments.

4. Responsible for witnessing onsite testing and data acquisition.
d. Field Technician:

1. Completed previous training in cleanroom operations and

certifying procedures.

2. Thorough, demonstrable knowledge of test procedures and equipment.
3. Have worked in this capacity on at least one similar projects.
4. Performed field work under direct sup ision of the field

engineer.
1.9 COORDINATION
a. Jobsite Visits: At least four jobsite

during strategic struction phases f
cleanroom envelo s being construct

edule through the Owner’s Agent and Director, time andplace
correlate instruments.

4. Correlate readings as recommended by the CCC and approved by the
majority of the firms participating.

5. Provide Owner’s Agent and the Director list of instruments
reconciled and approved by contractors involved.

c. Confirm site visits, instrument field correlation, and certification
activities in writing to the Owner’s Agent and Director.

d. Schedule work activities with the Owner’s Agent and the Director.
Schedule may require that crucial tests get completed in asequence
to permit selective partial occupancy.

e. Consult with the Owner’s Agent and Director, on technical issues.

1.10 PROJECT RECORD DOCUMENTS
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a. Furnish the final completed as-built certification report within 4
weeks after completion of field activities. Include the following at a
minimum:

1. Typed or computerized field reports, charts, and forms complete
with measured data referenced to sample location.

2. Written description of operating condition of each clean area.

3. Reduced set of architectural floor plan drawings, maximum size 11
by 17 inches, made from the project AutoCAD Contract Documents,
obtained from the Owner’s Agent, showing test and sample
locations referred to on other field data sheets, as well as test
results of final field conditions.

4. Separate section outlining any operating or contamination problems
remaining at the end of the testing an ertifying procedures.
Describe the condition and its effec cleanroom performance.

A list of instrumentation and test ent used in the
certifying process, including manu
numbers, and last calibration date

rating conditions of each area tested.

93 statement that certification work was performed in accordance
with the Contract Documents.

b. Provide one hard-bound copy and one loose, unbound reproducible copy
of the completed certification report for the Owner’s Agent's
review and acceptance.

c. Keep a copy of the report for a minimum of 7 years, making it
available for examination, reproduction, discussion, or clarification
during that time.

PART 2 PRODUCTS
2.1 CLEANROOM CERTIFICATION CONTRACTORS

a. CCCs need to have documented experience in certifying cleanrooms for a
period of 10 years or more. Examples of Approved CCCs include the
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following:
1. Cleanroom Sciences.
2. Pentagon Technologies.

3. AM Technical Solutions (AMTS)
2.2 MATERIALS
Supply necessary personnel, materials, tools, test equipment, aerosol
generators, instrumentation, and computers required to perform and analyze

the cleanroom certification procedures described in this Section.

Cleanroom garments and accessories will be furnished and laundered by the
Contractor.

room filters. Provide
ene latex (PSL) spheres

Do not use DOP aerosol for challenge of the cl
filter challenge with atmospheric air or poly,
only.

with
rage

The Contractor will provide suitable office
reproducing machines d also a secure loc
equipment.

icle size sensitivity with equal to or greater than 90 percent
nting efficiency and 5 percent maximum sizing error on a 0.1
crometer range at sample flow rate of 28 liters per minute.

(c) Counter complete with front panel control with readout,
remote data transmission, thermal tape printer with cleanroom
paper, stainless steel stand, room and isokinetic sample probes,
and storage/carrying case.

(d) Generator capable of producing a monodispersed challenge of
0.2 , 0.25 , or 0.3 micrometer-diameter PSL spheres with 90
percent of the material to be the size designated 0.25 micrometer.
Develop average upstream concentration of 1,000,000 particles per
cubic foot with a minimum challenge of 900,000 particles per cubic
foot injected at all times.

b. Ceiling Scan Filter Leakage Test:

1. Description:
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(a) Optical laser particle counter rated on 0.1 to 5 micrometer
particle size sensitivity with equal to or greater than 90 percent
counting efficiency and 5 percent maximum sizing error on a 0.1
micrometer range at sample flow rate of 28 liters per minute.

(b) Counter complete with front panel control with readout,
remote data transmission, thermal tape printer with cleanroom
paper, stainless steel stand, room and isokinetic sample probes,
and storage/carrying case.

c. Airborne Particle Count Test:

1. Description:

(a) Optical laser particle counter rated on 0.1 to 5 micrometer
particle size sensitivity with equal to or greater than 90 percent
counting efficiency and 5 percent maxij sizing error on a 0.1
micrometer range at sample flow rate 8 liters per minute.

(b) Counter complete with front pag
remote data transmission, thermal

paper, stainless steel stand, room
and storage/ ying case.

bntrol with read

sample flow rate
g efficiency for 0.W

¥th integral data processor and software,
rol and readout, interconnect hardware, internal
pump, stand, room sample probe, and
rage/carrying case.

e. w Volume and Velocity Test:
1. Description:

(a) Electronic microanemometer rated at plus or minus 3 percent
of airflow and velocity readings at plus or minus 2 percent of
pressure readings with sea level air density correction.
(b) Package complete with microprocessor with memory and
back-pressure compensation functions, 24 by 24 inch, 24 by 36 inch,
and 24 by 48 inch flow hoods, Velgrid, AirFoil probe, and Temprobe
sample nozzle, grid, test stand, battery pack with charger, and
storage/carrying case.

f. Airflow Parallelism Test:

1. Description:
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(a) Per ISO 14655-3, Annex B.

(b) Ribbon test stand including 8 by 8 foot portable stand with
slim-profile or aerodynamic top frame set at a distance 12 inches
below the filter face grid, fitted with strips of ribbon streamers
suspended 24 inches on center along the top frame and reaching to
within 24 inches of the floor. Provide dark-colored nonshed
monofilament polyester ribbon as streamers, similar to Flo-Viz.

(b) Frame to be mobile or dismantled for access between rooms.

g. Pressurization Test:
1. Description:
(a) Electronic microanemometer rated at plus or minus 3 percent

or minus 2 percent of
ity correction.

of airflow and velocity readings at pl
pressure readings with sea level air

(b) Package complete with micropr
back-pressure compensation functio
and 24 by 48 inch flow hoods, velg
sample nozzl rid, test stand,
storage/car

by 24 N ch,

ed on 0.1 to 5
ivity with equal to or greate
ciency and 5 percent maximum

Counter complete with front panel control with readout,
ote data transmission, thermal tape printer with cleanroom
aper, stainless steel stand, room and isokinetic sample probes,
and storage/carrying case.

i. Room Recovery Rate Test:
1. Acceptable Manufacturer: MSP Corporation or Equal.
2. Description: Ultrapure deionized fogger including wheeled cart,

distribution hose and nozzles, stainless steel holding tank for
deionized water.

J. Makeup Air Handler Final Filter Leakage Test:
1. Description:
(a) Optical laser particle counter rated on 0.1 to 5 micrometer
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particle size sensitivity with equal to or greater than 90 percent

counting efficiency and 5 percent maximum sizing error on a 0.1
micrometer range at sample flow rate of 28 liters per minute.

(b) Counter complete with front panel control with readout,
remote data transmission, thermal tape printer with cleanroom
paper, stainless steel stand, room and isokinetic sample probes,
and storage/carrying case.

k. Environmental Uniformity/Stability/Recovery Test:
1. Description:

(a) Multipoint electronic temperature and humidity sensor,
recorder, and data logging instrument. Electronic temperature
sensor accurate to 0.36-degree F dry bulb and to 1.0 percent
relative humidity. Complete with data logger sensitive to plus or
minus 0.1 percent resolution.

nsmission cablin
rrying case.

(b) Sensor complete with remote da
panel control and readout, and stor

1. ©Noise Level Test:

1. ta

Testing con ed by the Noise an

Section Q 03

brati

ion Consultant pe
uilt Vibration and NO§

ription: Illumination level meter rated between zero and 500
t-candles with storage/carrying case.

o. Light Wave Spectrum Test:
1. Description:

(a) Light wave meter with digital plotter, test probes, and
storage/carrying case.

(b) Silicon-substrate witness test wafers furnished, placed, and
analyzed by the Owner’s Agent.

p. Floor Conductivity Test:
1. Description: Conductance meter including floor test kit rated at

open-circuit voltage of 500 volts dc and scale range of 10K ohms
to 50 megohms with storage/carrying case.
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g. Electric Space Charge Test:

1. Description: Digital handheld electrostatic field meter, complete
with chargeplate, rechargeable battery, charger, and
storage/carrying case.

r. Electromagnetic Interference Test:

1. Description: Magnetic field search coil including data physics
line Fourier analyzer, signal conditioner, digital plotter, meter,
and storage/carrying case.

s. Total Particle Fallout Test:

1. Description: Witness test plate including 4 inch-diameter glass
petri dish or silicon wafer prepared with gel coating consisting
of one part Vaseline per nine parts solvent, then baked in 85
degree C oven for 10 minutes. Samples 1 be analyzed by the

Owner.
t. Particle Identification Test:
1. Description: ir analyzer includin

particle sep
analyzed by

or, SEM mounting
Owner.

Elementg

ding charcoal sample tubes, DuP®

€er pump, flame ionization detector, and

Elemental Mass Spectrometry Test:

Description: Collection container including a 4 inch-diameter jar
filled with ultrapure 18 megohm deionized water. Samples will be
analyzed by the Owner.

w. Viable Particle Fallout Test:

1. Description: Witness test plate including a 4 inch-diameter glass
petri dish prepared with protein-based agar gel. Use an Anderson
or DuPont air sample collector or slit selector cover to provide
selective sample rates. Samples will be analyzed by the Owner.

X. Three-Dimensional Airflow Turbulence Test:

1. Description: Ultrasonic three-dimensional anemometer with
microprocessor, three-directional flow sample nozzle head,
software, test stand, and storage/carrying case.
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y. Sodium Test:

1. Description: Air analyzer including DuPont Alpha 1 calibrated air
sampler pump, 100 ml Nalgene polypropylene or quartz impinger with
cap and sample tubes, DI water and 0.5 micrometer dry Teflon
filter strainers. Samples will be analyzed by the Owner.

PART 3 EXECUTION
3.1 INSPECTION

a. Facility Completion at Construction Stage 5, as defined in Section
01 35 13.46, Clean Zone General Requirements:

1. Building perimeter walls, roof, and accessories installed to
create a pressurized envelope around the clean zone.

2. Clean zone perimeter walls, ceiling,
and necessary interior partitions 1
successful system performance. If a
and Director, use temporary barriexy

sed floor panels, doors,
ed that are esse
>d by the Owner

(0]

3. Cleanroom ce
repairsfini

and air handler surfaces exp

Building structural elements and utility systems in contact
with the cleanroom airstream.

6. Tool hookup or miscellaneous construction activities curtailed in
the test area.

b. Facility Utility Support Systems:
1. Air-handling systems serving the clean zone installed and

operating under automatic controls.

2. Initial testing and balancing complete on the air and water
systems serving the clean zone air-handling systems.

3. Process exhaust systems and pressurization control fans installed
and operating to simulate clean zone pressurization.

4. Fan vibration and noise tests complete.
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5. Cleanroom lights, sprinklers, and safety devices installed and
operational.

6. Housekeeping vacuum system operational and used by janitorial
crews.

7. Support systems required to perform certification tests operating

normally for a minimum stable period of 5 days.

3.2 PREPARATION

Confirm that activities within the facility comply with the requirements
of Section 01 35 13.46 - Clean Zone General Requirements.

Inspect the entire clean zone, accompanied by the Owner’s Agent and
Director, and note existing conditions that could jeopardize the
certification results. Obtain the Owner’s Agen nd Director's written
release before proceeding with certification S.

Coordinate field certification activities wi e Director and

Owner’s Agent to permit observation of any

Perform certificatio
one clean aisle with

acent cores, or b

Determlne integrity of each filter shipment by spot testing
dom statistical samples.

2. Test Procedure:
(a) Test every filter module.
(b) Provide flow test bench, optical laser particle counter, and

PSL generator.

(c) Introduce PSL challenge spheres from the generator into the
inlet of the air blower. A challenge of at least 20,000,000
particles per cubic foot sized 0.2 to 0.26 micrometer is

requiredat the filter.

(d) Test the upstream challenge when each filter module is placed
in the bench.
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(e) Scan the entire downstream filter face area in overlapping
strokes, moving the probe at 2 inches per second, spaced a
distance of 1 inch from the filter face.

%aec%

(f) Visually inspect the urethane media potting sealant on both
the upstream and downstream sides at the media perimeter for
cracks or gaps in the sealant.

3. Documentation:

(a) List the model and serial number of rejected filters.

(b) Identify the nature/location of the leak, the test challenge
size/concentration, and the measured penetration/particle count.

(c) Create statistical data showing filters tested with
acceptance and rejection rate.

b. Ceiling Scan Filter Leakage Test:
1. Purpose of Test:

(a) Determin
installation

integrity of ceilin
the ceiling grid.

aser particle counters, PSL aerosol
accessories. Automatic filter scanning equipment
not be acceptable.

Introduce PSL spheres from the generator into the inlet of
the recirculation air blower or into the test port of each
individual ducted filter. An average challenge of 1,000,000
particles per cubic foot sized 0.2 to 0.3 micrometer is required
at the filter, although a challenge of 20,000,000 particles per
cubic foot is desired.

(d) Measure and record the upstream challenge at the filter at
least once every hour. Measure upstream filter challenge at two
test ports in each packaged ceiling plenum module.

(e) Scan the entire downstream filter face area isokinetically in
overlapping strokes, moving the probe at 2 inches per second or 1
square foot per minute, at a distance 1 inch below the filter
face. Scan the entire perimeter, center support mullions, and
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corners at a traverse rate of 10 fpm maximum. Provide side shields
for filter modules located in partial-coverage ceilings to block
induced air influx from adjacent blank panels. Allow 10 minutes
scan time per filter module, including all joints.

(f) Scan joints in the ceiling assembly, including the gap
between the ceiling grid and filter module, wall-to-ceiling Jjoint,
sprinkler pipe and electrical conduit penetrations, and blank
panel edge seals. Blank panels do not require scan tests where the
cleanroom filters are the ducted style.

(g) Extend test time under any portion of the filter showing a
single leak by sampling directly under the leak. A reading of 150
counts in a 10 second time span constitutes a significant leak
requiring repair.

h) Scan each joint and the entire area_encompassed by the side
shrouds under the ceiling automated w transporter.

1) Document in the logbook the fil rial number and
criteria for rejected filter module aks
corrected by others.

test challenge to
self. Perform scan
paragraph B.2.e above.

Reje ter modules with direct leaks detected at the
imeter frame, center divider, center test ports, or within the
ia pack.

(b) Reject any filter module when aerosol penetration exceeds 0.1
percent of the upstream challenge concentration.

(c) Locate and tag leaks through the ceiling assembly that
require sealing.

(d) Reject any filter module with more than ten individual
repairs or with a single repaired area of 1 square inch or 1
linear inch or with an accumulative total repair area of 1 percent
of media pleated face area.

4. Documentation:

(a) List the model and serial number and installed location of
rejected filters, including failure criteria.

S:\Data\Word\HALCO\CLEAN ROOMS\SPECIFICATIONS\SPECIFICATION-CLEANROOM
TESTING and CERTIFICATION-2021.docx

16


mailto:info@halco-products.com

aec% HALCO PRODUCTS COMPANY
100 N. Gordon Street — Elk Grove Village, IL 60007-1193
Tel: 847-956-1600 Fax: 847-956-0595
E-mail: info@halco-products.com - Website: www.Halco-Products.com
(b) Identify the nature/location of the leak, the test challenge
size/concentration, and the measured penetration/particle count.

Record particle sizes in increments of 0.1, 0.2, 0.3, 0.5, 1, and
5 micrometers.

(c) Identify repaired leaks that were accepted by the Owner’s
Agent and Director.

(d) Create and maintain a logbook showing test procedures and
results.

(e) Record location of filter modules or components that failed,
mapped on a cleanroom reflected ceiling layout.

c. Airborne Particle Count Test:

1. Purpose of Test: Determine particle coupnt levels at reference
particle size to ensure systems operaf ithin design criteria.

2. Test Procedure:

a) Measure and record the airborng

least one measurement in every rated cleanroom
ller than the sector test area.

e) Sequential sample counting procedures described in ISO
Standard 14644-1 may be used. If used, describe the procedure.

(f) Measure and record particle concentration three feet outside
each cleanroom door opening into an area less clean (higher
contamination class) for a period of 2 minutes each, with the door
in the closed position.

(g) Measure and record particle concentration inside each
cleanroom chemical/parts pass-through cabinet for a period of 2
minutes each. For purposes of the proposal, perform tests in 5
pass-through cabinets.

(h) Measure and record particle concentration at two fixed
stations under the ceiling automated wafer transporter as the
transport carriage moves over the sample probe a total of ten
times.
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(1) Identify, tag, and record any test stations or sectors that
do not meet design criteria and require corrective action.

(3) Retest those test stations or sectors that require corrective
modifications in order to achieve design criteria. Assume retest
of 5 percent of the total test stations measured during initial
tests.

3. Acceptance Criteria:

(a) Obtain airborne particle counts necessary to determine the room
cleanliness classification. Use only the 0.1 micrometer reference
size to establish room acceptance.

(b) Compute the following data to establish compliance with these
acceptance criteria for each room classification:

1) The particle concentration m ed at each station_f

at or below the values listed in the ta

2) Particle concentrations me
wafer transporte es not exceed a va
room background djacent measureme

O Standard

chart showing particle counts versus
tability count, as well as minimum, mean, and

uency
imum values.

) Copy one representative strip chart from each clean
aisle/test station printed during the test procedures.

(c) Record particle counts for sizes 0.1, 0.2, 0.3, 0.5, and 1
micrometer for each test station mapped on a cleanroom layout.

d. Baseline Airborne Particle Count Test (Alternative Al):

1. Purpose of Test: Create baseline particle count levels on
reference size 0.02 micrometer at strategic locations within the
cleanroom.

2. Test Procedure:

(a) Measure and record particle counts for 10 minutes each at 30
test stations selected by the Owner’s Agent.
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(b) Complete the airborne particle count test and prerequisite
tests before starting benchmark particle count sampling.

(c) Obtain the particle counts at a distance 42 inches above the
floor using the CNC particle counter.

(d) Sample for particle count at each test station for the sample
volume in accordance with ISO Standard 14644-1.

3. Acceptance Criteria:

(a) Obtain airborne particle counts necessary to determine
the room class identified in Section 01 45 23.16 -
CleanroomCertification Test Matrix, Table, Table
2.

area: the average of
tion to determine
se averages.

(b) Compute the following data for ea
particle counts measured at each test
correlation with Table 2; the mean o

4. Documentation:
(a) Create chart showing par ount
frequency/r ability count.

te cedures.

.01, 0.02, 0.05, 0.1
h test station mapped on a

a) Determine supply airflow volume delivered through each
ceiling filter.

(b) Determine volume uniformity throughout the clean
aisle/cleanroom.
(c) Determine air velocity profile 12 inches below the face

screen of each ceiling filter.

2. Test Procedure:

(a) Measure and record the supply airflow volume delivered
through the filter module using the totalizing flow hood. Specific
hood sizes are required for each filter size. Check supply airflow
volume on only a 10 percent sample of the total quantity of
filters installed in each cleanroom.
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(b) Measure and record the velocity profiles.

(c) Document the supply airflow volume for any filter module that
falls outside the tolerance required for acceptance. Air
adjustments will be performed by the TABC.

(d) Measure and record the air velocity profile for 10 seconds
each filter. Two Velgrid readings are required below all size 2
by 4 foot filter modules. Select the average of the two values for

the recorded reading.

(e) Retest any noncompliant filter module, as well as the
adjacent eight filter modules, filter modules in the same
air distribution duct or plenum module whenever any filter
module requires corrective repair or system air balancing in
order to achieve design criteria. Assume retest of 10
percent of the totaltest stations mea d during initial
tests. Retest is only required on f r modules fitted

with an airflow adjustmentdamper

3. Acceptance Criteria:

1
e desj

ly airflow volume
plus or minus

ery

(a) Obtain
i t of

b e

1ls within plus o
s from that respecth
2r module has been fitted with

age velocity readings throughout each clean aisle
that demonstrate the room velocity requirements

wn in Section 01 45 23.16 - Cleanroom Certification Test

rix, Table, Table 2.

(d) Achieve velocity uniformity throughout each clean
aisle/cleanroom such that 90 percent of all readings fall within
plus or minus 20 percent, and 100 percent of all readings fall
within plus or minus 30 percent of the average velocity described
in paragraph 3.3.e.3.c above.

4. Documentation:

(a) Compute and document cleanroom average airflow volume from
data collected for each filter module.

(b) Record air supply volume for each filter module mapped on a
cleanroom layout.

(c) Record the low, average, and high air velocity readings for
each filter module mapped on a cleanroom layout.
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f. Airflow Parallelism Test:

1. Purpose of Test:

(a) Verify parallel vertical flow paths of supply airflow.

(b) Detect and eliminate horizontal and vertical upflow air
patterns.

2. Test Procedure:

(a) Measure and record the parallel vertical flow path.

(b) Make provisions in the clean aisle/cleanroom to set the test
stand in 8 feet by 8-foot test sectors. Where clean aisle is 10
feet wide or narrower, take two rows of readings.

(c) Observe and photograph vertical

path at 30 critical
stations selected by the AE with inp

om MIT LL.

(d) Document changes in vertical
closes.

flow paths whereby 100 percent of test
ithin 20 degrees of vertical, and 90 percent of
stations fall within 14 degrees of vertical in any two
pendicular room axes for areas fitted with full ceiling filter
verage and airflow adjustment dampers in every floor panel.

(b) Parallel vertical flow paths whereby 100 percent of test
stations fall within 30 degrees of vertical, and 80 percent of
test stations fall within 20 degrees of vertical in any two
perpendicular room axes for areas with standard undampered floor
panels, solid floor panels, or low-wall return grilles.

(c) Confirm absence of vertical upflow air patterns anywhere in
the cleanroom.

(d) Obtain parallel flow readings throughout each clean aisle or
test sector that demonstrate the requirements shown in Section 01
45 23.16 - Cleanroom Certification Test Matrix, Table, Table 2.

4. Documentation:
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(a) Provide photographs of air path at selected test stations
equally distributed between different areas.

(b) Identify probable cause of any test sectors where vertical
path cannot be maintained and recommend corrective action.

(c) Record nonconforming air patterns in any test sector as a
velocity vector mapped on a cleanroom layout.

(d) Record, calculate, and document the deflection of air
patterns mapped on a cleanroom layout.

g. Pressurization Test:
1. Purpose of Test:
(a) Confirm capability of cleanroom air-handling systems to

maintain cascaded air pressure regime hin the clean zone.

(b) Verify performance of pressure ols as doors are

activated.

(c) Confirm essure differential

Test Proced

uentially from the area with the highest cleanliness
uirement outward through contiguous spaces to the outdoors.
erify the pressurization cascade identified under cleanroom
criteria in Section 01 45 23.16 - Cleanroom Certification Test
Matrix, Table, Table 2.

(d) Measure and record the relative positive pressure across
pass-throughs, vestibules, and air locks.

(e) Measure and record the differential pressure across return
air registers, perforated and grated floor tiles, and relief air
dampers at 30 test stations selected by the Owner’s Agent.

(f) Retest those zones that require system air balancing in order
to achieve design criteria. Assume retest of 5 percent of the

total test stations measured during initial tests.

3. Acceptance Criteria:
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(a) Achieve continuous positive pressure gradient from the clean

aisle/cleanroom to adjacent areas in compliance with design
criteria when all doors are in the normally closed position.

(b) Maintain positive pressure from the clean aisle/cleanroom to
adjacent areas of higher contamination with one interconnecting
door open.

4. Documentation:

(a) Identify probable cause of any area where pressurization
cannot be maintained.

(b) Record absolute pressures, relative room pressure
differentials and overall pressurization gradients mapped on a

building layout.

h. Enclosure Induction Leak Test (Alternative

1. Purpose of Test:

(a) Determine source of unfiltere
cleanroom construction joints.

rtight constructio
and windoy
of highg

for clean aisles

-ceiling grid joints, and door
ce 2 inches in front of the crack at a
pproximately 10 feet per minute. Introduce

L challenge where sufficient ambient particle
sity does not occur outside cleanroom.

c) Scan around opening of all utility penetrations through the
clean zone perimeter envelope.

(d) Scan an additional 30 test stations inside the cleanroom at
suspected leakage locations as selected by the Owner’s Agent.

(e) Retest leakage locations after repair. Assume retest of 5
percent of the total test stations measured during initial tests.

3. Acceptance Criteria: Achieve continuous readings with no particle
counts in excess of 0.001 times the particle concentration in the
adjacent reference area.

4. Documentation: Record infiltration leaks for each test station
mapped on a cleanroom layout.
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i. Room Recovery Rate Test (Alternative A3):
1. Purpose of Test:
(a) Determine ability of cleanroom air-handling system to recover

cleanliness levels after an internal particle upset.

(b) Test ability of airflow pattern to reestablish laminar flow
after personnel movement through area.

(c) Determine reference recovery rates at strategic locations
within the cleanroom.

2. Test Procedure:

(a) Measure and record the recovery rate at 30 test stations used

in pressurization test.

(b) Measure and record recovery rat clean aisles and

cleanroom.

(c) Make provisions in the cleanr
stand in 8 fo by 8 foot test sec

no retests will be required at any test station.
eptance Criteria:

a) Accept ISO Class 3+ through 5 areas where total particle
dispersal has been achieved within 120 seconds.

4. Documentation:

(a) Identify probable cause of any test station where dispersal
exceeded acceptance time.

(b) Record dispersal time for each test station mapped on a
cleanroom layout.

J. Makeup Air Handler Final Filter Leakage Test:
1. Purpose of Test:

(a) Determine integrity of filter modules after installation in

the makeup air handler final filter frame.
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(b) Determine particle contribution from the duct distribution
system to the makeup airstream.

2. Test Procedure:
(a) Test the entire final filter assembly in every makeup air
handler after completion of the installation when the units are
operating.
(b) Provide optical laser particle counter, PSL generator,

isokinetic sample probes, and accessories.

(c) Introduce PSL spheres from the generator into the upstream
plenum of the final filter assembly. A challenge of greater than
1,000,000 particles per cubic foot sized 0.2 to 0.26 micrometer is
required at the generator outlet.

(d) Measure and record the upstream

(e) Measure particle counts in the
final filter.

ream downstream

Scan jo perimeter edge

(£)

the logbook.

Cer modules Jjudged acceptable b e
air handler measured during initial

ediately upstream of two recirculation air handlers served by
h of the makeup air handlers.

3. Acceptance Criteria:
(a) Reject any filter module with direct leaks detected at the
perimeter frame, center divider, center test ports, or within the

media pack.

(b) Reject any filter bank when aerosol penetration exceeds 0.01
percent of the upstream challenge concentration.

(c) Reject any filter with more than two repairs or repairs
larger than 1 sgquare inch each.

4. Documentation:

(a) List the model and serial number of rejected filters.
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(b) Identify the nature/location of the leak, the test challenge
size/concentration, and the measured penetration/particle count.

(c) Create statistical data showing filters tested with
acceptance and rejection rate.

k. Environmental Uniformity/Stability/Recovery Test:
1. Purpose of Test:

(a) Confirm the capability of the facility support systems to
control temperature and relative humidity to meet the project
criteria.

(b) Verify uniformity of environmental conditions throughout
contiguous areas of the clean zone.

(c) Confirm stability of environmenta onditions at control
sensing points.

(d) Determine ability of facility t systems to re

design environmental conditions af

(e) Demonst
systems to eve a continuous 7

h projectdesi@n c

bulb and dew point temperatur d

ently with other tests where results are not
port systems to have been in normal automatic
ation under control of calibrated permanent controllers for at
st 7 days.

) Place test probes uniformly within the space with at least
one-fourth of the probe sites adjacent to sample points of the
facility monitoring system.

(c) Position quantity of test probes within one clean aisle at a
distance 24 inches below the face of the ceiling grid with probe
area not to exceed 120 square feet each (or more frequent if
recommended by CCC). For large or open cleanrooms, divide the
area into test sectors corresponding to the temperature control
and recirculation air handler distribution zones with test sectors
not to exceed 200 square feet each.

(d) Measure and record dry bulb and dew point temperature and
relative humidity readings in the first clean aisle/test sector.
Simultaneously record the samples from the probe sites to verify
uniformity. Time span for test intervals and overall duration of
documentation to be:
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Cleanliness ISO Class Recording Interval Recording Duration
3 and less 6 minutes 12 hours

3+ through 7 6 minutes 6 hours

(e) Relocate test probes to each of the remaining clean

aisle/test sectors and repeat the 12 point data recording.

(f) Relocate the test probes to one critical clean aisle/test
sector selected by the Owner. Repeat the point data recording on
10 second intervals for 2 hour duration.

(g) Adjust temperature and humidity control set points in the
same critical clean aisle/test sector to place the space
environmental conditions beyond requi criteria. From the
operating set point, the temperature
degrees F and the dew point tempera
relative humidity upward by 5 perce
humidifier may be used, which can
upset conditj

e has been achieved for a 10 minute interval.

Redistribute the test probes so one probe site is located in
h of the critical test sectors selected by the Owner’s Agent
om previous clean aisle/test sectors. Place the probe adjacent
to the facility monitoring control sample points where possible.
Repeat the data recording on 6 minute recording intervals for a 7
day continuous time span.

(k) Retest those clean aisles/test sectors that require
corrective modifications or adjustments in order to achieve design
criteria. Assume retest of two test station setups measured during
initial tests.

3. Acceptance Criteria:
(a) Achieve temperature uniformity throughout contiguous areas of

the cleanroom from test station readings within plus or minus 1.0
degree F of the mean temperature value from the readings.
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(c) Demonstrate stability of both temperature and absolute
humidity in the critical test sectors to be within the range of
uniformity values over a continuous time span of 7 days. Calculate
and plot corresponding relative humidity profiles.

(d) Verify recovery time is less than 5 minutes for both dry bulb
and dew point temperatures and relative humidity to return to
normal control set points after an internal upset of both
conditions.

4. Documentation:

(a) Plot temperature versus time by test station.

(b) Create charts showing temperatu
frequency/repeatability count by tes

(c) Create charts showing dew poi
humidity vers frequency/repeatab

and relath
on a clea

€ dry bulb temperature and relative humidity
the 2 hour interval for each test station mapped
building layout.

Level Test:

1. Testing conducted by the Noise and Vibration Consultant per
requirements of Section 01 71 03 - As-Built Vibration and Noise
Survey.

m. Floor Vibration Test (Alternative A4):

1. Testing conducted by the Noise and Vibration Consultant per
requirements of Section 01 71 03 - As-Built Vibration and Noise
Survey.

n. Lighting Level Test:
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1. Purpose of Test:

(a) Determine the lighting intensity levels and uniformity
provided by the normal lighting system in the white-light areas
and yellow-light areas identified.

(b) Determine the lighting intensity levels provided by the
emergency lighting system in the white-light areas and
yellow-light areas identified.

2. Test Procedure:

(a) Measure and record the lighting levels. Operate lighting
continuously for at least 300 hours prior to testing.

(b) Measure lighting intensity at 42 inches above the finish
floor on a nominal 10 foot by 20 foot test sector.

(c) Measure areas having aisles greg than 20 feet in width:

1) At approximately the cent
measurements within an area of 10

the area,

2) At
an area of 1

an 20 feet in width!
of cleanroom aisle.

the emergency lighting levels at the same
escribed for normal lighting levels tests.

eptance Criteria:

(a) Achieve foot-candle values within plus or minus 20 percent of
those indicated in design criteria.

(b) Verify Uniformity of Illumination:
1) Large Open Areas: 2:1 (average: minimum) .
2) Other Areas: 4:1 (average: minimum) .

4. Documentation:

(a) Record data using a Cartesian coordinate system (X Y Z) with
the origin (X = 0 and Y = 0) at the southwest corner of
the area to be tested.
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(b) Express area results in average maintained foot-candles with

average minimum ratios and standard deviation from design criteria.

(c) Plot foot-candle values for each test station mapped on a
cleanroom layout. Indicate test stations that had yellow light.

o. Light Wave Spectrum Test (Deleted)

p. Floor Conductivity Test (Alternative AS):

1. Purpose of Test:
(a) Determine resistance between specified points on the floor.
(b) Determine resistance from the floor covering to building

ground at strategic locations within the building.

2. Test Procedure:

(a) Perform conductivity tests at t stations sele
the Owner’s Agent between points o
accordance wi NEFPA 99, except as
floor tile £ and the pedestal

s in diameter, whi
11 0.0005 inch to 0.0

of rubber 1/4 inch thick, and

60 durometer hardness as determined with
(ASTM D2240) .

3) e€asure resistance by a suitably calibrated ohmmeter
h a tolerance defined as follows:

a) Short-circuit current to be between 2.5 mA and 5 mA.

b) At any value of connected resistance,
Rx, the terminal voltage, V, to be: Rx 500V
+15 percent Rx + internal resistance

c) Internal resistance to be greater than 100,000 ohms.

b. Measure and record conductivity between points on the floor
covering at 10 test stations selected by Owner’s Agent.

1) Take measurements on continuous flooring between pairs of
points with the electrodes 3 feet apart.

2) Take measurements on raised floor tiles between pairs of
points:
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a) Center of test tile to center of any adjacent tile.

b) Corner of test tile to corner of any tile two positions
away.

c) Center of test tile to any supporting pedestal.

d) Center of test tile to conductive paint finish covering

main structural concrete floor.

c. Measure and record conductivity from floor covering to building
ground (raised floors only) at 10 test stations selected by the
Owner’s Agent. Make measurements between five pairs of points in
each room with one electrode on the floor connected tothe
ohmmeter. The other terminal of the ohmmeter to be connectedto
the nearest building column or exposed grounded conductor.

d. Retest those test sectors that require
adjustments in order to achieve desi
5 percent of the total test station

rrective modifications or
iteria. Assume retest of
ured during initj

3. Acceptance Criteria:

(a) Verify
less than 1

or panel-to-panel

station mapped on

lternative B1l):

Benchmark the airborne positive and negative ion densities at
rategic locations within the clean zone.

(b) Simulate the residual surface voltage expected on a test
wafer in free air.

2. Test Procedure:

(a) Measure ion density at a height of 42 inches above the
finished floor at 10 test stations selected by the Owner’s
Agent. Test to indicate the density of positive and negative
ions, respectively, in ions per cubic centimeter.

(b) Perform residual voltage test:

1) Charge the plate monitor having a capacitance to ground
of 20 pf to 5,000V and measure the time required for the plate's
voltage to decay to less than 10 percent of the original voltage
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(500V) .

2) Perform tests at the same stations as the ion density
test. Locate charge plate meter 42 inches above the finish floor.

Test to occur within 15 minutes of execution of ion density test
at each location.

3) Repeat test starting with 1,000V.
3. Acceptance Criteria - Residual Voltage Test: Obtain ion densities
and residual voltage values to create initial benchmark at

certification.

(a) 1,000V Test: Plate voltage to decay from 5,000V to 100V in
less than 60 seconds.

4. Documentation:

ith tabular record o
Pach test statio

(a) Collect data from ion density tg
positive and negative ion densities

(b) Collect data from residual vo g i or
each test an ltage level indica
residual vol

c interference caug
rategic locations w

d record magnetic field intensity at 8 critical
stations selected by the Owner’s Agent.

) Take measurements 42 inches above the finished floor on a 4

foot by 4 foot test sector over entire 100 square-foot test area,
except at specific SEM locations where measurements will be taken
on a 2 foot by 2 foot grid over an 8 foot by 8 foot area.

(c) Measure magnetic field intensity level without any process
equipment located in the fab but with the lights and fans
operating.

(d) Secure magnetic field intensity (flux density) in milligauss.

3. Acceptance Criteria: Obtain magnetic field intensity wvalues to
create initial benchmark at certification.

4. Documentation:

(a) Record data using a Cartesian coordinate system with the
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origin (X = 0 and Y = 0) at the southwest corner of the area to be

tested. Each reading to be the maximum of three mutually
perpendicular directions.

(b) Plot magnetic field intensity levels for each test station
mapped on a facility layout.

s. Total Particle Fallout Test (Alternative B3):

1. Purpose of Test: create benchmark particle accumulation on a
witness plate at strategic locations within the cleanroom.

2. Test Procedure:

(a) Collect total particle fallout samples at 5 critical test
stations selected by the Owner’s Agent.

(b) Place exposed witness test plate a distance 42 inches

above the finished floor.

(c) After 1 hour sample period, pl
and deliver to the quality assuran
for microscopimes analysis.

(Alternative B5):

Measure effectiveness of makeup air handler filter assemblies
extraction of hydrocarbon elements.

(b) Create benchmark hydrocarbon concentration in selected air
samples at strategic locations around the facility.

2. Test Procedure:

(a) Measure and record hydrocarbon concentrations at the outside
air intake, make-up air supply to recirculation unit and at the
final supply air discharge of 3 recirculation air handlers serving
the clean zone selected by the Owner’s Agent.

(b) Measure and record hydrocarbon air samples in the building at
10 critical test stations selected by the Owner’s Agent.

(c) Calibrate analyzer using zero standard and known upscale span
gases.
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(d) Test for the three specific compounds of Freon, isopropyl
alcohol, and triethylphosphorous.

%aec%

3. Acceptance Criteria: Obtain concentration values to create initial
benchmark at certification.

4. Documentation: Record hydrocarbon concentrations for each test
station mapped on a building layout.

v. Nomura Elemental Mass Spectrometry Test (Alternative BO6):

1. Purpose of Test: Create benchmark airborne contaminants
and chemical constituents in selected air samples at
strategiclocations within the cleanroom.

2. Test Procedure:

(a) Collect elemental air samples at
selected by the Owner’s Agent.

ritical test stations

(b) Acquire 500 ml samples of hig
water in ultraclean glass belljars

collection contai
hed floor.

values to create inh

the Owner’s Agent 's mass spectrometry
rd the contaminant constituents foreach test

on a cleanroom layout.

Particle Fallout Test (Alternative B7) (Deleted):

x. Three-Dimensional Airflow Turbulence Test (Alternative BS8):

1. Purpose of Test: Determine turbulent air intensity and velocity of
supply air path at strategic locations within the cleanroom.

2. Test Procedure:

(a) Measure and record the airflow path through the cleanroom at
5 critical test stations selected by the Owner’s Agent.

(b) Place ultrasonic directional sensor at the first test

station. Develop a main 4 foot by 4 foot sample sector with 1 foot
by 1 foot subsectors.

(c) Measure and record velocity samples at distances of 10 feet,
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8 feet, 6 feet, 4 feet, and 2 feet above the finished floor.

(d) Relocate test equipment to each of the remaining test
stations and repeat the data recording.

3. Acceptance Criteria: Obtain turbulence intensity values to create
initial benchmark at certification.

4. Documentation:
(a) Prepare sketches of the turbulence test setup.

(b) Record flow readings of average velocity, maximum and minimum
velocities, and turbulence intensity.

(c) Prepare three-dimensional chart and contour plots showing
turbulence intensity as a function of distance and position.

contour plots showin
ce and position.

(d) Prepare three-dimensional chart
velocity profiles as a function of g

(e) Record the test stations mappd clea la

Sodium Test

ter asse

ftions at strategic

dium chloride samples at the outside air intake and
the final supply air discharge of 3 makeup air handlers serving
cleanroom selected by the Owner’s Agent.

(b) Collect sodium chloride samples at 10 critical cleanroom test
stations selected by the Owner’s Agent at a distance 42 inches
above the floor.

(c) Obtain wet samples by drawing air through 50 ml volume of DI
water in the 100 ml impinger sample tube. Sample at a flow rate of

1 liter per minute for 30 minutes.

(d) Obtain dry samples by drawing air through the Teflon filter
media. Sample at the same flow rate of 1 liter per minute for 30
minutes.

(e) Desorb the contaminants from the dry filters with 15 ml of DI
water. Place in an ultrasonifier for 15 minutes.

(f) Store samples in Nalgene polypropylene bottles.
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(g) Deliver samples to the quality assurance staff via the
Owner’s Agent for atomic absorption spectrometer analysis.

3. Acceptance Criteria: Obtain sodium values to create initial
benchmark at certification.

4. Documentation: Duplicate the MIT LL's sodium report from sample
analysis and record sodium concentrations for each test station

mapped on a building layout.

3.4 SUBMITTAL SCHEDULE

E-mail: info@halco-products.com - Website: www.Halco-Products.com

ITEM NO. SUBMITTAL REQUIREMENT CLASSIFICATION AS INDICATED
01 45 23.13 - 01 Qualifications: SD-01
Qualifications of the
CCC staff.

01 45 23.13 - 02 Experience and
References: List
showing projects
similar in size,
complexity, and
cleanliness
fication to this
ct that the firm
ompleted. Include

01 45 23.

procedures planned
particle counting,
whether statistical
sample or sequential
sample counting.

01 45 23.13 - 04 Testing Schedule: SD-01
Schedule for the
acceptance and
benchmark performance
tests on this project.

01 45 23.13 - 05 Sample Test Report: A SD-01
sample test report of a
similar project.
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01 45 23.13 - 06 List of Test Equipment SD-01
and instruments to be

used, including:

1. Date of purchase.

2. Model and serial
numbers.

3. Calibration records:
4. Procedure.

5. Source of the
standard.

6. Last three
calibration dates.
7. Calibration
interval.

8. Curves.

9. Application
restrictions.

01 45 23.13 - 07 Samples of field SD-01
reports, charts, and
forms proposed to
document measurements.

01 45 23.13 - 09 Software and Analysis
Approach: Recommended
approach and software
mputerized

tical analysis of

hid

™

%
SD-06 Furnish to o —
Owner’s Agent
and Director
within lweek
after completion

fication steps.

Field Logs: Three SD-06 Zfezork in each
assembled copies of the

working field logs for

review and evaluation,

provided to Owner’s

Agent and Director.

01 45 23.13 - 13 Identification of SD-06 Furnish to the
Problems: Evaluation of Director within 1
any problems which week after
jeopardize final completion of
certification results work in each area
or schedule.
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01 45 23.13 - 14 Final Certification SD-06 Furnish to
Report: Draft copy of Owner’s Agent
the final assembled and the Director
as-built certification within 2 weeks
report. after completion
of work

-— End of Section --

okt
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SECTION 01 45 23.16
CLEANROOM CERTIFICATION TEST MATRIX, TABLE

Table 1

Acceptance Tests

Spaces

ISO Class 6
Spaces

Space
R Nk Benc Air Base Paral | Pressu | Induct Conduc | Charge
h Count Count | Volume lel re ion t.
or Space
Criterion A(l) (o} D E F G H P Q
Recirculati
on Air Deck
General
Building
Spaces
Alternative A5 B1
Tests (2)
ISO Class 4 X A5 B1
Spaces
ISO Class 5 X X B1

ISO Class 7
Spaces

Notes:

1. Filter manufacturer, prior to filter shipment provides filter bench test.
2. “Alternative Tests” included in Table 1 are part of the Contractor scope.
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Table 1 (Continued)

Room
Number

Electrom
ag

Tot.
Part.

3D
Part. Hcarbo Viabl | Turb | Sodiu

I.D. n Nomura e . m Keyed Remarks

R

T U v W X Y

Recircula
tion Air
Deck

B5 B9

General
Building

Alternati
ve Tests

B2

B3

ISO Class
4 Spaces

B2

ISO Class
5 Spaces

B5 B8 B9

ISO Class
6 Spaces

ISO Class
7 Spaces

S:\Data\Word\HALCO\CLEAN ROOMS\SPECIFICATIONS\SPECIFICATION-CLEANROOM TESTING and CERTIFICATION-2021.docx

Page 2


mailto:info@halco-products.com

7,6@@0%

HALCO PRODUCTS COMPANY

100 N. Gordon Street — Elk Grove Village, IL 60007-1193
Fax: 847-956-0595

Tel: 847-956-1600
E-mail: info@halco-products.com - Website: www.Halco-Products.com

Table 2
Legend:
ACH Air changes per hour Noise NC criteria curve
Area Square feet Parallelism Degrees off vertical
Humidity Percent relative Temperature Degrees F DB
Lighting Foot-candles/white/yellow Velocity Feet per minute
Percent Para Humidity
Area Class/Ref Filter Filter Room llel Set/Range Lighting Pressure Note
Room Number (sf) As-Built Coverage Flow Velocity ism (Note 1)
ISO 4 Bay Note 2 IS0 4 100 720 90 14 e 5 Note 3
ISO 4 Litho Note 2 ISO 4 100 720 90 e 5 Note 3
Bay
ISO 5 Bay Note 2 ISO 5 100 90 Note 3
ISO 6 Bay Note 2 IS0 32 lote 5 Note 3
(160 ACH)
ISO 5 Note 2 Note 5 Note 3
Airlock i
ISO 4 Note 2 Note 3
Airlock
MIF Wipe Note 2 W Note 3
Down
Chemical Note 2 Note 5 Note 3
Transfer (225 A
Consumables Note 2 ISO 6 27 N/A NC60 68 +/-2.0 40 +/-5 Note 5 Note 3
Storage (135 ACH)
IS0 4 Note 2 ISO 4 90 N/A NC60 68 +/-2.0 40 +/-5 Note 5 Note 3
Airlock
CSL Gowning/ Note 2 ISO 6 36 720 32 N/A NC55 68 +/-2.0 40 +/-5 Note 5 Note 3
CSL Pregown (160 ACH)
Chase Note 2 | Resultant N/A N/A Resultant N/A NC60 68 +/-2.0 40 +/-5 Note 5 Note 3
Fan Deck Note 2 N/A N/A N/A N/A N/A NC80 68-78 +/-5 Range: Note 5 Note 4
35-65
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Notes:
1. Pressure shown is relative to the reference point per mechanical airflow diagram
drawings.
2. Refer to schedules on the drawings for filter sizes and quantities.
3. Reference MH002 for pressure gradient.
4., Balance to 0.05” WC positive to outside.
5. Refer to requirements of Cleanroom Ceiling Specification 13 06 10, paragraph 1.6 C.

END OF SECTION

ol
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