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Standard Test Method for

Size-Differentiated Counting of Particles and Fibers
Released from Clean Room Wipers Using Optical and
Scanning Electron Microscopy

This standard is issued under the fixed designation E 2090; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Techniques for determining the number of particles and fibers that can potentially be released from
wiping materials consist of two steps. The first step is to separate the particles and fibers from the
wiper and capture them in a suitable medium for counting, and the second step is to quantify the
number and size of the released particles and fibers.

The procedure used in this test method to separate particles and fibers from the body of the wiper
is designed to simulate conditions that the wiper would experience during typical use. Therefore, the
wiper is immersed in a standard low-surface-tension cleaning liquid (such as a surfactant/water
solution or isopropyl alcohol/water solution) and then subjected to mechanical agitation in that liquid.
The application of moderate mechanical energy to a wiper immersed in a cleaning solution is effective
in removing most of the particles that would be released from a wiper during typical clean room
wiping. This test method assumes the wiper is not damaged by chemical or mechanical activity during
the test.

Once the particles have been released from the wiper into the cleaning solution, they can be
collected and counted. The collection of the particles is accomplished through filtration of the
particle-laden test liquid onto a microporous membrane filter. The filter is then examined using both
optical and scanning electron microscopy where particles are analyzed and counted. Microscopy was
chosen over automated liquid particle counters for greater accuracy in counting as well as for
morphological identification of the particles.

The comprehensive nature of this technique involves the use of a scanning electron microscope
(SEM) to count particles distributed on a microporous membrane filter and a stereo-binocular optical
microscope to count large fibers. Computer-based image analysis and counting is used for fields where
the particle density is too great to be accurately determined by manual counting.

Instead of sampling aliquots, the entire amount of the liquid containing the particles and fibers in
suspension is filtered through a microporous membrane filter. The filtering technique is crucial to the
procedure for counting particles. Because only a small portion of the filter will actually be counted,
the filtration must produce a random and uniform distribution of particles on the filter. After filtration,
the filter is mounted on an SEM stub and examined using the optical microscope for uniformity of
distribution. Large fibers are also counted during this step. Once uniformity is determined and large
fibers are counted, the sample stub is transferred to the SEM and examined for particles. A statistically
valid procedure for counting is described in this test method. The accuracy and precision of the
resultant count can likewise be measured.

This test method offers the advantage of a single sample preparation for the counting of both
particles and fibers. It also adds the capability of computerized image analysis, which provides
accurate recognition and sizing of particles and fibers. Using different magnifications, particles from
0.5 to 1000 um or larger can be counted and classified by size. This procedure categorizes three classes
of particles and fibers: small particles between 0.5 and 5 um; large particles greater than 5 um but
smaller than 100 um; and large particles and fibers equal to or greater than 100 um. The technique as
described in this test method uses optical microscopy to count large particles and fibers greater than
100 um and SEM to count the other two classes of particles. However, optical microscopy can be
employed as a substitute for SEM to count the large particles between 5 and 200 pm
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1. Scope and are primarily used in clean rooms in the semiconductor,
1.1 This test method covers testing all wipers used in cleaf@ta storage, pharmaceutical, biotechnology, aerospace, and

rooms and other controlled environments for characteristicgutomotive industries.

related to particulate cleanliness. 3.1.3 effective filter area n—the area of the membrane
1.2 This test method includes the use of computer-basehich entraps the particles to be counted.

image analysis and counting hardware and software for the 3.1.4 fiber, n—a particle having a length to diameter ratio of

counting of densely particle-laden filters (see 7.7-7.9). WhilelO or greater.

the use of this equipment is not absolutely necessary, it is 3.1.5 illuminance n—luminous flux incident per unit of

strongly recommended to enhance the accuracy, speed, aatka.

consistency of counting. 3.1.6 particle, n—a unit of matter with observable length,
1.3 The values stated in Sl units are to be regarded as thgidth, and thickness.
standard. 3.1.7 particle size n—the size of a particle as defined by its

1.4 This standard does not purport to address all of thejongest dimension on any axis.
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-4. Summary of Test Method

priate safety and health practices and determine the applica- . .
bility of regulatory limitations prior to use. 4.1 Summary of Counting MethodsSee the following:

Counting Technigue Particle Size Range
>100 pm | 5-100 pm 0.5-5 um
2. Referenced Documents Stereobinocular optical microscope 20X A NAB
2.1 ASTM Standards: T : fgggga' o —
D 1193 Specification for Reagent Water canning electron microscope Sooox |70 ade
F 25 Test Method for Sizing and Counting Airborne Par- automatic?

ticulate Contamination in Clean Rooms and Other Dust- ag.. roomote 2.
Controlled Areas Designed for Electronic and Similar sy - not applicable.
Applicationg

F 311 Practice for Processing Aerospace Liquid Samples fog_ Significance and Use
Particulate Contamination Analysis Using Membrane Fil-
ters

F 312 Test Methods for Microscopical Sizing and Counting

5.1 This test method provides for accurate and reproducible
enumeration of particles and fibers released from a wiper
Particles from Aerospace Fluids on Membrane Fikters immersed in a cleaning solution with moderate mechanical
22 Other Documentsp stress applied. When performed correctly, this counting test
IéO 14644-1 Cleanrodms and Associated Controlled Envi-me'[.hOd IS sen§|t|ve enough to quantify very low levels of total

ronments — Classification of Air Cleanlin€ss particle and fiber burden. The results are accurate and not
Fed. Std. 209E Airborne Particulate Cleanliness Classes ilrpfluenced by grtlfact or pa_rt|cle slze limitations. A furth_er

Cleanrooms and Clean Zores advantage to this technique is that it allows for morphological

as well as X-ray analysis of individual particles.

3. Terminology
3.1 Definitions of Terms Specific to This Standard: . Apparatu§ . o o
3.1.1 automatic counting n—counting and sizing per- 6.1 Scanning Electron Microscopeith high-quality imag-
formed using computerized image analysis software. ing and computerized stage/specimen mapping capability.
3.1.2 clean room wiper n—a piece of absorbent knit, 6.2 Stereo-Binocular Optical Microscopewith at least
woven, nonwoven, or foam material used in a clean room foA0X-magnification capability equipped with a two-arm,
wiping, spill pickup, or applying a liquid to a surface. adjustable-angle variable-intensity light source and a specimen
3.1.2.1 Discussior—Characteristically, these wipers pos- holding plate.
sess very small amounts of particulate and ionic contaminants 6.3 Orbital Shakerthat provides 20-mnm~(%s-in.) diameter
circular motion in a horizontal plane at 150 r/min.
6.4 Microanalytical Stainless Steel Screen-Supported Mem-
L This test method is under the jurisdiction of ASTM Committee E21 on SpacePrane Filtration Apparatuswith stainless steel funnel, TFE-
Simulation and Applications of Space Technology and is the direct responsibility ofluorocarbon gasket and spring clamp.

Subcommittee E21.05 on Contamination. i
Current edition approved May 10, 2000. Published July 2000. K 6.5 Vacuum Pumpcapzlable of providing a pressure of 6.5
2 The counting of particles 5 to 100 um by optical microscopy is not described Pa (65 mb) (49 torr) or lower.

in this test method. However, procedures for counting particles in this size range are 6.6 Cold Sputter/Etch Unjtwith gold or gold/palladium

described in the Test Methods F 25 and F 312. foils
3 Annual Book of ASTM Standardgol 11.01. :
4 Annual Book of ASTM Standardéol 15.03. 6.7 Video Camerg3-CCD preferable), that can be attached
5 Annual Book of ASTM Standardgol 14.02. to the stereo-binocular microscope and a monitor to provide

6 Available from American National Standards Institute, 11 W. 42nd St., 13thvideo microscopy capability.

Floor, New York, NY 10036.
7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700 6-8 Personal Computer (486-Type Processor or Better) and

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. Monitor.
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6.9 Frame-Grabbing Hardware and Image Analysis Soft- 9.2 In the SEM study, to determine the values of the start

ware, compatible with the personal compuger. and the end areas for the computer-assisted automatic particle
6.10 Hand-Operated Tally Counter counting, it is necessary to perform the size calibration study
6.11 Stage Micrometerwith 0.1- and 0.01-mm subdivi- by experimenting with standard-sized particles such as poly-
sions. styrene microspheres or actual particles of known dimensions
6.12 Horizontal, Unidirectional Flow Workstatignwith ~ which can be ascertained by using the micrometre bar mea-
ISO Class 5 (Fed. Std. 209 Class 100) or cleaner air. surement tool available on most SEMs.
9.3 To prepare a stub with 0.5- and 5-um spheres,-atid
7. Materials pL of each of the 0.5- and 5-um sphere suspensions to a beaker
7.1 Deionized Water in accordance with Specification containing 500 mL of deionized water.
D 1193, Type lll, 4.0 10°° (Q-cm)™ or better. 9.4 Filter the solution using a new membrane filter.
7.2 Clean Room Gloveg¢for example, unpowdered latex 9.5 Prepare the SEM stub. Save the stub in a clean container
gloves). as a standard size reference for the automatic particle counting
7.3 Fine-Point, Duckbill Tweezers at 200 and at 3000.
7.4 Forceps two pairs, with flat gripping surface tips. 9.6 For the manual procedure at 30Q0avoid counting

7.5 Glass Beakersl.5 L, cleaned in accordance with 10.2.1. particles having approximate linear lengths of 25 mm and up,
7.6 Polyethylene Photographic Tragpproximately 250 by as those will have sizes larger than 5 um as determined from
340 by 45 mm cleaned in accordance with 10.2.1. measurements done against the micrometre bars at various

7.7 Polycarbonate Membrane Filter@typically 0.1- to  magnifications in the SEM.
0.8-um pore size), white, and 25-mm diameter.

7.8 Petri Slide 47 mm. 10. Procedure

7.9 SEM Aluminum Specimen Stubgically 32-mm diam- 10.1 The procedure consists of two parts: preparing the
eter by 10-mm height. sample and counting the fibers and particles. Fibers and

7.10 Polystyrene Latex Microspheresizes 0.5 and 5 ypm) Particles greater than 100 pm are counted using an optical
for use in calibration (see Section 9). microscope at 28 magnification; large (between 5 and 100

7.11 Carbon Paint for SEM stub preparation. pm) and small (between 0.5 and 5 pm) particles are counted

7.12 Low-Surface-Tension Cleaning LiquigAny 8- to 10- using an SEM at 200 and 30&0magnificatiens respectively.
mole ethoxylated-octyl- or nonyl-phenol-type surfactamte- Both manyal end computer-aided automatic counting methods
pared as a 0.1% stock solution in deionized water. Thigre used in this procedure. . _
solution will facilitate the release of both nonpolar and polar 10.1.1 Sample PreparatioR-Sample preparation consists of
contaminants and can serve as a general test standard acrB¥8 Steps: _ _
industries. However, this test method is not limited to a specific 10-1.1.1 Preparation of a background filter stub and
cleaning solution and only requires that the cleaning liquid 10-1.1.2 Preparation of the sample filter stub containing
used be relatively free of particles and fibers. It is recombarticles released from a clean room wiper.
mended that the cleaning liquid most relevant to the product 10-2 Preparation of a Background Filter SteTo measure

end use be considered for this test method. the background level of particles from the glassware, polyeth-
ylene tray, and filtration system, it is necessary to prepare an
8. Preparation of Apparatus 9XP9fimentﬁl' bllank. oo A I .
; Ri ; ; 10.2.1 The cleaning of the photographic tray, glassware, an
Sesetlioﬁelttcl)hg Up Stereo-Binocular Optical Microscep&ee Fhe filtration apparatus should be accomplished in the follow-
; ; ; ; ; ing manner:
10?'2 Fiber Counting by Optical Microscopy-See Section 10.2.1.1 Clean the photographic tray thoroughly by rinsing
8.3 Setting Up Scanning Electron Microscope (SEMJee the inner surface at least five times with deionized water.
Section 10. 10.2.1.2 Ultrasonically clean the glassware, storage contain-
8.4 Particle Counting by SEM-See Section 10. ers, and filtration assembly then thoroughly rinse using deion-
ized water.
9. Calibration and Standardization 10.2.1.3 Allow all containers and assemblies to drain dry in

the unidirectional flow workstation.

9.1 For the fiber counting by optical microscopy, the size X L .
calibration at 2k magnification can be done by comparing the 10.2.1.4 _Store a_II containers and aseembhes, mcludlng the
photographic tray, in the clean workstation to prevent environ-

fiber sizes, as visualized in the video monitor, with the ruIingsmental contamination
on the stage micrometer (with 0.1- and 0.01-mm subdivisions). 10.2.2 The choice of the cleaning solution should reflect the

For this test method, a linear dimension of 8 mm in the Vldeqiquid that the wiper will come in contact with during actual

screen equaled 100 pm. : : .
q H use. A typical example of a cleaning solution would be a
low-concentration surfactant/deionized water mixture (see
7.12). This mixture serves well as a standard for general
8“Image-Pro Plus,” Version 3.0, available from Media Cybernetics, has beerbomparative purposes since it facilitates the release of both
found to be satisfactory for this test method. . . .
° Triton® X-100 manufactured by Rohm and Haas Co. has been found to bponpol_ar and polar (_:(_)ntamln_ants. HO_WGVGI’, this test methOd 1S
satisfactory for this test method. not limited to a specific cleaning solution and only requires that
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the solution be relatively free of particles and fibers. The
specific cleaning solution used must be reported in accordance
with 12.1.2. A low-concentration surfactant/deionized water
mixture as described in 7.12 is used in the test method
example.

10.2.3 Stock 0.1 % Surfactant Solution Preparation

10.2.3.1 Place 300 mL of deionized water in a 1.5-L beaker.

10.2.3.2 Place the beaker on a hot plate and raise the water
temperature to 40°C.

10.2.3.3 Slowly ad 1 g (~35 drops) of the concentrated
surfactant into the hot water.

10.2.3.4 Mix well to make the solution homogeneous.

10.2.3.5 Add more deionized water to raise the volume to 1 FIG. 2 Filtration Assembly
L.

10.2.3.6 Aliquots from this stock solution will be used for
the test procedure.

10.2.11 Pour the water from the tray into a clean 1.5-L

NoTe 1—The stock solution should be prepared daily to prevent anybeaker.
biological growth. 10.2.12 Add approximately 25 mL of clean deionized water
10.2.4 Blank Preparation to rinse the tray and pour this water into the beaker as well.
10.2.13 Slowly pour the water from the beaker into the

10.2.4.1 Place 500 mL of deionized water into the clean. ~~: . ; : .
nflltrat|0n funnel until the funnel is approximately two thirds

photographic tray. I
10.2.4.2 Place the tray on the platform of an orbital shakeFu 1'0 214 T h d adi h
(Fig. 1) stationed inside the hood of a clean workstation havin " urn on the vacuum pump and adjust the vacuum so

of an ISO Class 5 (Fed. Std. 209 Class 100) or cleane at the filtration rate is approximately 25 mL/min.
environment. 10.2.15 Continue to transfer the water from the beaker to the

10.2.4.3 Add a 25-mL aliquot from the stock 0.1 % surfac-funnel until the entire contents of the baker are emptied into the

: - : filter funnel.
tant cleaning solution to the water in the tray. . .
10.2.4.4 Run the orbital shaker at 150 r/min for 5 min. 10.2.16 Add approximately 25 mL of clean deionized water

10.2.5 Insert the stopper holding the stainless steel screéﬂ rinse the beaker anq pour this water into the f|It_er funngl as
: S well. Ensure that the filter funnel remains filled with solution
into the filtration flask. from the beaker until the filtration is complete

10.2.6 Connect the filtration flask to the vacuum pump but 10.2.17 Remove the funnel and carefully transfer the filter

do not turn the pump on at this point. X . , ) ;
10.2.7 Transfer a 25-mm diameter polycarbonate membrar%cgézaerglean SEM specimen stub, using fine-point duckbill

filter to a petri slide with the filter shiny (coated) side facing up 10.2.18 Allow the filter to air dry in an ISO Class 5 (Fed

USIlrz)gzaSﬁE;lz(t)alrségzﬁgtr)lguemﬁ/ejﬁger running deionized WaterStd' 209 Class 100) or cleaner envi_ronment. _
. © 10.2.19 Affix the perimeter of the filter to the specimen stub

10.2.9 Using the tweezers, slide the filter from the petri slid : .
onto the stainless steel screen of the filtration apparatus wit y applying several (at least four) spots of conductive carbon

the shiny (coated) side of the filter facing up. paint.

. 10.2.20 Transfer the stub to the vacuum sputtering unit and
10.2.10 Place the TFE-fluorocarbon gasket and the stalnle%spply a gold coating to the filter. Typically, a setting of 40 s at

steel funnel on top of the filter and clamp the assembly :
. .. 240 mA provides adequate gold coverage.
together. Fig. 2 shows the fully assembled vacuum filtration 10.2.21 Label theqsamplge as the bi?:kground count for this

apparatus. particular experiment and place it in a clean, covered container.
Set it aside for subsequent particle enumeration.

10.2.22 After preparing the blank, the wiper sample is
prepared using the same glassware and filtration system.

10.2.23 Accurate counts in the test wiper sample require
subtracting background counts from the sample counts. The
value of the background count should be less than 15 % of the
sample count. If this is not the case, reclean the apparatus and
perform the experiment again.

10.3 Preparation of Sample Stub

19The application of a vacuum in the sputtering unit will not remove or disturb
particles on the surface of the filter. Recovery studies are documented in Footnote
FIG. 1 Orbital Shaker 15.
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10.3.1 Place 500 mL of deionized water into the same 10.4.3.3 The illuminance can be varied by adjusting the iris
photographic tray that was used in preparation of the backdial and by slightly adjusting the knobs of the illuminator back

ground sample. and forth.
10.3.2 Place the tray on the platform of the orbital shaker 10.4.4 Bring the particles/fibers on the filter surface to focus
(Fig. 1). by adjusting the focus knob while observing the field through

10.3.3 Add a 25-mL aliquot from the stock surfactantthe microscope eyepieces.
cleaning solution (see 10.2.2 and 10.2.3) to the water in the 10.5 Viewing Fields From the Optical Microscope
tray. 10.5.1 To make the counting process more convenient, the
10.3.4 Shake the tray for 1 min to facilitate the mixing of images from the sample stub can be viewed in the video
surfactant and water. monitor using a video camera and a computer with frame-
10.3.5 Using clean room gloves, open the bag of wipers t@rabbing hardware and software. Connect the R, G, B leads
be tested. from the computer to the corresponding R, G, B leads from the
10.3.6 Using two pairs of clean forceps, carefully lift a Video camera, allowing the image to be displayed on the video
wiper from the bag and gently drape the wiper onto the surfacgonitor.
of the water in the tray. 10.5.2 Focus the microscope so that the particles and fibers
10.3.7 Run the shaker at 150 r/min for 5 min. on the filter are seen brightly and clearly in the monitor.
10.3.8 Using the forceps, lift the wiper from the tray slowly Réadjust the arms of the light guide to make the distribution of
by holding two adjacent corners, allowing the excess water t§9ht on the filter as uniform as possible, as viewed in the
drip into the tray. monitor. Direct the light to the filter stub at a grazing angle of
10.3.9 Measure the dimensions of the wiper to two signifi-2PProximately 15 to 30° between the light beam and the
cant figures and set the wiper aside. surface of the filter. o .
10.3.10 Pour the water from the tray into the beaker. 10-5-3 Change the magnification to>0and readjust the
previously used for the background sample preparation. light so that the field is completely illuminated and refocus the
10.3.11 Add approximately 25 mL of clean deionized water'1"/Croscope. The purpose of focusing at high r_n_agmﬂcatmn IS
to rinse the tray and pour this water into the beaker as well, 0 ensure accurate viewing at the lower magnifications.

10.3.12 Complete the sample preparation for the test speci- 10.5.4 Change the magnification to>2(hnd readjust the

: ) : ' hting if necessary for the best viewing maintaining a grazing
;P:r?] ?Keriz?:g%g&ég 10.2.21, using a new membrane filt al{?lgle of approximately 15 to 30° between the light beam and

. the surface of the filter.
palrt(i)éi.li\:rg ei?aljeerzilmtgr?t_ sample as the test specimen for the 10.5.5 Scan .the _e-ntire surface of the filter by .movi_ng it in
10.4 Manual counting of >100-um fibers and particles the x and y directions and check for the uniformity of
' . . . ' . _distribution of fibers and particles throughout the filter. Discard
10.4.1 Place the wiper sample stub in the specimen-holding,q g3 mpie and prepare a new sample if the inspection discloses
mount plate and then place the mount plate ondyestage of 5 nonyniform distribution of particles on the filter.

the optical microscope (see Fig. 3). 10.5.6 If the distribution of fibers and particles looks uni-

_10.4.2 Set the microscope at the lowest magnification ang, iy ang random, readjustandy to position the filter to the
its circular iris dial in the middle of its range. lower left-most viewing field.

10.4.3 Turn on the illuminator and adjust the knobs to have 1 57 starting at the lower left-most field, scan the filter by

adequate and uniform illumination on the stub. moving the stage horizontally along theaxis from left to
10.4.3.1 To obtain the uniformity, set one of the arms of theyjgpt,

light guide so the light grazes the surface of the membrane ¢ 5 g \While scanning, manually count all the large par-
filter (approximately 15 to 30° angle between the light beamyjcies and fibers (>100 pm) as seen along the scanning path.
and the surface of the filter). _ ~ Any fiber or particle whose largest dimension on any axis is 8

10432 Set the Other: arm frO_m the other side of the ﬂltermm or greater at 28 magnification as viewed in the monitor,
again with the light grazing the filter surface. is actually 100 um and greater in size and should be counted.

10.5.9 Record the counts by indexing the tally counter each
time large particles and fibers are seen on the monitor screen.

10.5.10 After each lateral scan, move the filter vertically
along they axis until a new area of the filter comes into view.

10.5.11 Perform the counting as the filter is moved laterally,
this time from right to left.

10.5.12 Continue vertical and lateral movements until the
| 5s filter is completely scanned and all the particles and fibers that
. are 100 um and larger on the filter are counted.

10.5.13 Record the total count in the data sheeildsee
Appendix X2 for example).
10.5.14 Replace the sample stub with the background stub
FIG. 3 Optical Microscope and count all the particles and fibers that are 100 um and larger
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by following the same procedure as previously described and 10.6.9 For this test method, preselecting 16 such visual
record the total count in the data sheetN\ag, . fields (Fig. 4) for counting at 200 and 32 fields (Fig. 5) for
10.5.15 Subtract the blank averalyg,.« from the sample
averageN to obtain the corrected counts of particles and fibers
that are 100 pm and larger in the wiper sample.
10.5.16 Denote the difference &s

F = N —Npjani 1)

10.5.17 DivideF by the area of the wiper in square metres
and perform the calculations for the total number of 100-pm
and larger particles and fibers per square metre of the wiper
material as described in Section 11. FIG. 4 Layout of 16 Preselected Points for Counting at 200 X

10.6 SEM Counting Procedure at 260

10.6.1 After counting particles and fibers 100 um and larger
using the optical microscope, proceed to count the rest of the
particles on the same filter using the SEM. Particles in two
different size categories are counted using the SEM at two
different magnifications, 200 and 3080 Counts at 20&
include all particles between 5 and 100 um; counts at 3000
include smaller particles ranging from 0.5 to 5 pm. This test
method includes the use of computerized image analysis and
counting techniques.
ople?é?iigngl |spre(1)scseueruregstr;ef1t ttr?: %Fg\r/ﬁtc:: 'issvﬁj”\/i\gzrg’é d tlc? tg](_:?:ounting at 300& will be sufficient to ensure statistical

familiarized with the filtering, viewing, and particle enumera- validity, assuming a goal of=109% accuracy at a 95 %
. : °1ng, ng, b confidence level (see Appendix X1 for the statistical analysis).
tion techniques by running simulation experiments to measur

Known auantities of submicrometre to 5-um polvstvrene Iatex?he locations for the counts are selected to cover the central
q HM polysty area of the filter, the area at approximately half of the radius of

microspheres. . . . _the effective filter area, and the area proximal to the perimeter
10.6.3 Transfer the sample stub used in the optical MICrOg 1t not touching the edge of the effective filter area.

FIG. 5 Layout of 32 Preselected Points for Counting at 3000 X

scope to the SEM sample holder. 10.6.10 Identify the 16 fields that will be counted in this
10.6.4 Slide the holder inside the sample chamber of th%rocedure in accordance with the example in Fig. 4.
SEM. 10.6.11 For the computer-assisted counting of the number

10.6.5 Evacuate the chamber, turn on the filament, andf particles in each of the 16 preselected fields at a magnifi-
prepare the SEM for viewing at 280 For proper viewing of  cation of 200, follow the procedure as outlined in 10.6.12-

a sample in the SEM and for making the field appropriate for;0.6.18.
computer-assisted counting, adjust the magnification, focus, 10.6.12 Move the stage to one of the preselected fields on
contrast and brightness, and tilt angle. the filter.

10.6.6 Focus the field initially at 5000and then reduce the  10.6.13 Set conditions for the automatic measurements in
magnification to 20&. The purpose of focusing at a higher the computer. Restrict particle sizes to 5 through 100 um in the
magnification than that which will be used is to bring extremeimage analysis softwarfé. The sizing algorithm should be
clarity to the image of the particles on the filter, so theverified experimentally with known calibration samples (see
computer software can unambiguously recognize and acci&ection 9).
rately categorize particles by number and size. 10.6.14 Focus the field at 5080and reduce the magnifi-

10.6.7 Inspect the filter by manually scanning the entirecation back to 208.
surface at 208 magnification for the uniformity of distribu- 10.6.15 Adjust brightness and contrast in the SEM until
tion of particles. If the inspection discloses a nonuniformproper illumination is achieved. The illumination parameter
distribution of particles on the filter, the sample should besetting is specific for individual particle counting software and
discarded and a new sample should be prepared for an accurai@n be predetermined through experimentation with known
counting of all particles and fibers. amounts of standard-sized particles such as polystyrene micro-

10.6.8 Avisual field is defined as the total area seen on thépheres (see Section f). _
SEM video display monitor. Since it is very time-consuming to  10.6.16 Obtain a computer count the particles and record the
count all the particles present on a filter surface, a statisticsfomputer count of the 5- to 100-um particles in this field under
sampling of random locations covering the entire filter area idV in the data sheet (see Appendix X2 for example).
used for this test method. If the SEM has a computer-driven
automated stage, the preselected counting locations can be
stored in the SEM computer. The locations can then be n the Image-Pro Plus 3.0 Program, presetting the area values for Start = 10

. o K .and End = 250 will select particles between 5 and 100 pm ax200

access_ed aUtomat|Cally for counting the partlcles present IN 12y the Image-Pro Plus 3.0 Program, the appropriate illumination setting or
those fields. density range for 208 is from 8.0 to 8.5.
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10.6.17 Move to a new field and repeat 10.6.14-10.6.16. image analysis software. The sizing algorithm should be

10.6.18 For all subsequent fields repeat 10.6.17. verified experimentally with known calibration samples (see
10.6.19 Total the 16 counts, calculate the aversige, and ~ Section 9):° _ -~
record this number in the data sheet. 10.9.4 Focus the field at 5080and reduce the magnifica-

dion back to 300&.

10.9.5 Adjust brightness and contrast in the SEM until
oper illumination is achieved. The illumination parameter
etting is specific for individual particle counting software and
can be predetermined through experimentation with known
amounts of standard-sized particles such as polystyrene micro-

10.6.20 Replace the test specimen in the SEM with th
background specimen and complete the counting of particles at
the same coordinates by repeating the procedure previous
outlined for the test sample.

10.6.21 Total the 16 counts, calculate the averaye,
(blank), and record this number in the data sheet. .

spheres (see Section ).

10.6.22 Subtract the blank averaylypian from the 10.9.6 Obtain a computer count the particles and record the
sample averagaV,, to obtain the corrected count of 5- 10 ( 5 {5 5.um particles in this field &8 in the data sheet (see
100-um particles per field. Denote the differenceTas Appendix X2 for example).

T =Wa —Waypiank 2 10.9.7 Move to a new field and repeat 10.9.4-10.9.6.

10.6.23 Perform the calculations for the total number of 5- 10-9-8 For all subsequent fields repeat 10.9.7.

to 100-um particles per square metre of the wiper material as 10-9:9 Total the 32 counts, calculate the averayg, and
described in Section 11. record this number in the data sheet.

10.7 SEM Counting Procedure at 3080 10.9.10 Replace the test specimen in the SEM with the

background specimen stub and complete the counting of

10.7.1 _Coun'; the S”_”a”ef particles (0.5_to 5 m) on_the_sam articles at the same coordinates by repeating the procedure
test specimen filter using the SEM at a higher magnification o reviously outlined for the test specimen.

3000X. In this procedure, when particle counts are low (for 10.9.11 Total the 32 counts, calculate the averBggpan
example, less than 25 particles per field), counting can be do%d record this number in the data sheet ank)
manually. However, the computer-assisted automatic counting 10.9.12 Subtract the blank averade, '(bl o from the
. . L v(blan

procedure, similar to that used at the 208tudy, should be sample averag®,, to obtain the corrected count of 0.5- to
utilized for samples having more than 25 particles per field. 5-um particles per field. Denote the differencevas

10.8 SEM Manual Counting Procedure at 3080(for V_p _p @

— Tav 7 Mavblank

samples with less than 25 particles per field): .
10.9.13 Perform the calculations for the total number of 0.5-

10.8.1 Use the test specimen stub already in the SEM. 5 ol f the Wi il
10.8.2 Manually count the number of particles in the testO ©HM particles per square metre of the wiper material as

sample in each of the 32 preselected fields (Fig. 5) at gescnbed in Section 11.
magnification of 300& and record the results in the data sheetll' Calculation
underP (see Appendix X2 for example).

10.8.3 Total the 32 counts, calculate the averdyg, and 11.1.1 Sample Calculation at 20—Particles and Fibers
record this number in the data sheet. >100 pm

10.8.4 Replace_the test specimen in the SEM Wit_h the 11.1.1.1 Reference 10.5.13.
background specimen stub and complete the counting of
partlples at thg same coordinates by repeating the procedure counted on the enfire effective filter areazs3 )
previously outlined for the test sample.

10.8.5 Total the 32 counts, calculate the aver@€gpiang 11.1.1.2 Reference 10.5.14.
and record this number in the data sheet. Total number of particles and fibendy

10.8.6 Subtract the blank averaBg, pjani) from the sample counted on the background filter7 ©)
averageP,, to obtain the corrected count of 0.5- to 5-um 11.1.1.3 Reference 10.5.15. Calculate the total number of
particles per field. Denote the difference\as blank-corrected particles and fibers:

V — Pay = Paplank 3) F =253 -7= 246 @)

11.1 Sample Calculations

Total number of wiper particles and fibersl,

10.8.7 Perform the calculations for the total number of 0.5-\where:
to 5-um particles per square metre of the wiper material asF = total number of particles and fibers >100 um contrib-
described in Section 11. uted by the wiper.
10.9 SEM Computer-Assisted Counting Procedure at 11.1.1.4 Reference 10.5.17. Normalize the particle and fiber
3000x (for samples with more than 25 particles per field): count to the wiper area in square metres. This is done by
10.9.1 For the computer-assisted counting at 30déllow  dividing F by the wiper area.
the procedure as follows:
10.9.2 Move the stage to one of the 32 preselected fields oi————

the filter (see Fig. 5). *21n the Image-Pro Plus 3.0 Program, presetting the area values forStand

. . . End = 250 will select particles between 0.5 and 5 pm at 3000
10.9.3 Set conditions for the automatic measurements in the 14|, e Image-Pro Plus 3.0 Program, the appropriate illumination setting or

computer. Restrict particle sizes to 0.5 through 5 pm in thelensity range for 3009 is from 0.1 to 1.0.
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Wiper area= 0.23X 0.23 m= 0.0529 nf (8) Report this number to two significant digits as 4010°
particles/ns.
= 246/0.0529= 4650 particles and fibersfm (9) MM
Report this number to 2 significant digits as 4700 particles/ 11.1.3.1 Reference 10.9.9.
fibers > 100 “m/ﬁl Fields counted= 32 (23)
11.1.2 Sample Calculation at 200—Particles 5 to 100 pm
11.1.2.1 Reference 10.6.19. Total wiper particles counted in 32 fields 380 (24)
Fields counted= 16 (20)
Average particles per fieldp,, = 380/32= 11.88 (25)
Total wiper particles counted in 16 fieleés 536 (11) 11.1.3.2 Reference 10.9.11.
Fields counted= 32 (26)
Average particles per fieldw,, = 536/16= 33.5 (12)
11.1.2.2 Reference 10.6.21. Total blank particles counted in 32 fields46 (27)
Fields counted= 16 (13)
Average blank particles per fiel®,ypany = 46/32=1.44 (28)
Total blank particles counted in 16 fields42 (14) 11.1.3.3 Reference 10.9.12. Calculate the average blank-
corrected particles per field:

Average blank particles per fieldV ,pjan = 42/16=2.63 (15)

11.1.2.3 Reference 10.6.22. Average blank-corrected par-
ticles per field:

V = 11.88 — 1.44= 10.44 (29)

11.1.3.4 Calculate the total effective filter area:

T =33.5-2.63 30.87 (16) Diameter of active filte= 17.4 mm (30)

11.1.2.4 Icul h | effective filter area:
Calculate the total effective filter area Total effective filter area= m X (17.4/2% mn?
Diameter of active filter= 17.4 mm a7 =238 mn? = 238x 1¢f un? 31)

Total effective fiter area- w X (17.4/2% mn? 11.1.35 Calculate_the area of a single field as viewed
— 238 mnf = 238 1¢F pn? : (18) th_rough the SEM. It is necessary to_know the area in square
micrometres that a single field of view represents. For this
11.1.2.5 Calculate the area of a single field as viewedxample, assume a linear dimension of 26 mm represents 5 pm
through the SEM. It is necessary to know the area in squargs viewed on the SEM monitor screen at 380@agnification
micrometres that a single field of view represents. For thigthis can be determined using the SEM micrometre bar
example, assume a linear dimension of 1.73 mm representsrheasurement tool). Also, assume the monitor measures 237.5
Hm as viewed on the SEM monitor screen at 20@agnifi- by 174.5 mm. This corresponds to an area of a single field of
cation (this can be determined using the SEM micrometre bajiew of (237.5x 5/26) X (174.5< 5/26) = 1533 prh
measurement tool). Also, assume the monitor measures 237.511 1 3.6 Calculate the number of fields,, that can be
by 174.5 mm. This corresponds to an area of a single field ofjiewed in the effective filter area. Divide the effective filter
view of (237.5x 5/1.73) X (174.5¢ 5/1.73) = 346 184 U 4req by the area of a single field:
11.1.2.6 Calculate the number of field¥,, that can be

viewed in the effective filter area. Divide the effective filter Ny = 238 10° un/1533 pnt = 155 251 fields (32)
area by the area of a single field: 11.1.3.7 Calculate the total number of particl€s,on the
N, = (238 x 10° pn?)/(346 184 urf) = 687 fields (19) filter. Multiply the average blank-corrected particles per field,
. V, by the total number of fields on the filteM,:
11.1.2.7 Calculate the total number of particl8s,on the y !
filter. Multiply the average blank-corrected particles per field, S=V XN, =10.44X 155 251~ 1620 820 (33)
T, by the total number of fields on the filteM,: where:
S=T X N; = 30.87x 687= 21208 (200 S = total number of 0.5- to 5-um particles contributed by
the wiper.
where: 11.1.3.8 Normalize the particle count to the wiper area in
S = total number of 5- to 100-um particles contributed by e . partic P
the wiper square metres. Divid8 by the wiper area:
11.1.2.8 Normalize the particle count to the wiper area in Wiper area= 0.23X 0.23 m= 0.0529 n§ (34)
square metres. Divid8 by the wiper area:
Wiper area= 0.23x 0.23 m= 0.0529 M (21) Particles per thof wiper = Swiper area=
1 620 820/0.0529- 30.64% 10° particles/m (35)
Particles per rof wiper = Slwiper area Report this number to two significant digits as %1106
= 21 208/0.0529= 400 907 particles/f (22)  particles/m.
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12. Report 13. Precision and Bias
12.1 Report the following information: 13.1 Because less than 10 000 particles or fibers will actu-

12.1.1 General information including the following: ASTM ally be counted, the final result will always have a statistical
test method number, date and time of test, sample identificé‘-ncertamty of at least 1 %. In performing the calculations, it is
. ! _’ . . - 0
tion, author of report, and other personnel involved in testlngrec_ommended th"."t the rounding error be kept to 0'1/) or less,

L o . which means using numbers with four or more significant

12.1.2 Sample preparation information including the fol-

. i ; i . =~ digits, where available.
lowing: filter type and diameter, filter pore size, effective filter 9

d it f test liquid d ¢ tensi | 13.2 In reporting the final result, it is recommended that
area, description of test liquid used (low-surface-tension ¢ ®aHunding be done to two significant digits if the first digit of the
ing solution), total volume of liquid filtered, any deviation from

) number is 3 or greater, and three significant digits if the first
standard procedure as written. digit is less than 3 to avoid indicating precision that is not

12.1.3 Experimental setup of instrumentation including thepresent. Thus, 0.306 becomes 0.31 but 0.2986 becomes 0.299.
following: filter coating instrument type, instrument param- This will keep rounding error to less than 0.5/30 or 1.7 %.
eters (time and power setting), and type of coating. Optical 13 3 Precision—A statistically valid procedure for counting
microscope type, SEM type, SEM voltage, stage tilt anglejs described in this test method. The accuracy and precision of
settings used in image analysis software, and any deviatiofhe resultant count can likewise be measured statistically (see
from the standard procedure as written. Appendix X1).

12.1.4 Results Including the FollowirgDescription of 13.4 Bias—No justifiable statement can be made on the bias
tested wiper (material, construction, size), calculations for 20of this test method for the particle counting of the wipers since
200, and 3008 measurements (see Section 11), indicationthe true value of the property (except counting of standard
whether counting was computer-assisted or manual for eadknown amounts of polystyrene microspheres) cannot be estab-
magnification, any unusual observations based on particle/fibdished by an accepted referee test method.
morphology, particle identification (if possible through mor-
phology or EDX), statistical analysis (mean, standard devial4. Keywords
tion, CV) if multiple wipers of a single type are tested, other 14.1 clean room wipers; contamination control; membrane
comments based on operator observations of experimentéilter; optical microscopy; particle counting and sizing; par-
conditions or results. ticles and fibers; scanning electron microscopy

APPENDIXES
(Nonmandatory Information)

X1. STATISTICAL REQUIREMENTS FOR SEM PARTICLE COUNTING FOR WIPER SUBSTRATES

X1.1 The statistical accuracy goal for this test method is an
accuracy level within=10 % of the true population mean when 95 % confidence level = 10.19 + 1.96 X 0.42 = 10.19 + 0.82
described at a confidence level of 95 %. Classical statistical Hence,  is estimated to be between 9.37 and 11.01
theory can be used to define standard deviation, standard error, and accuracy = + 196x042 0 oo
confidence intervals, and accuracy. 10.19 '
Please note that counting 32 fields covers approximately 0.02 % of the area of

X1.2 The foIIowing is a demonstration of how to use the entire filter. The calculation is as follows:

statistics to determine the confidence interval and accuracy . Area of active filter 238 % 10°
level for a particular set of data: Total flelds = Fiefq area in SEM at3000% ~ 1533~ 199251
E(X — X)? d ; - 32 _
Standard Deviation: s.d. = \/ (n - 1) Standard Error. s.e. = (i‘/—n) Hence, fraction of field counted: 185251 < 100 = 0.021 %
Confidence Interval: X — z(a, X (5.€) < g <X + z(ay, X (5.€) X1.3 There is precedence in the literattré® 7 8 which
e X (5.6) claims that enumeration of as low as 0.01 % of the total fields
Accuracy. + %X 100
where: X = single experimental measured value (particles/field),
X = arithmetic mean of all measured values (particles/field), % Bhattacharjee, H. R., et al, “The Use of Scanning Electron Microscopy to
n = number of fields counted, Quantify the Burden of Particles Released from Cleanroom Wiping Materials,”
Za,, = standardized normal deviate, and Scanning Vol 15, 1993, pp. 301-308.
W = true population average. 16 Mayette, D. C., et al, “A Reconsideration of the Scanning Electron Microscope
Example: Number of fields counted: n =32 as a Particle Enumerating Tool in UPWCCCS Proceedingsl992, pp. 51-57.
Arithmetic mean of particles/field: X = 10.19 17 Bhattacharjee, H., and Paley, S., “Evaluating Sample Preparation Techniques
Sample standard deviation: s.d. =2.36 for Cleanroom Wiper Testing,MICRO, February 1997, pp. 39-45.
Standard error of mean:  s.e. =0.42 18 Bhattacharjee, H. R., and Paley, S. J., “Comprehensive Particle and Fiber
Standardized normal deviate Testing for Cleanroom WipersJournal of the IESTVol 41, No. 6, November/
for (1-«) confidence interval: za,, = 1.96 December 1998, pp. 19-25.
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by SEM can be sufficient to obtain statistically acceptable

particle count.

X2. PARTICLE/FIBER COUNTING DATA SHEET

=e: Wiper 1D
Operator: Lot ¥:
OM_at X SHE at 00X SBd a3 000X
rouﬁ.e:semg Niduﬁ‘:sﬁr—m Mdu:l_"p—ﬁj muu';lqrﬁ.)
Fe ¥ e X Fle ¥
] e e e ] | e
1. 1. 17.
2 2 18
3 3 19
4. 4 20
£ 5 21,
6 6 2
¥ 7. 2
8 & >,
9 25
10 10 26
1t 11 2
2 12 28
13 132, 2
14. 4. 0,
15 15, n
16 16 2
Total Total Total Total
(16filds) | (16fele) Zafelds) | (32felds)
War Way,,. P P,
Fe= - ot T=Wov W, ¥= Pav— P
Gam m envts (if ary):

FIG. X2.1 Particle/Fiber Counting Data Sheet
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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