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Standard Method for
Measuring and Counting Particulate Contamination on
Surfaces

This standard is issued under the fixed designation F 24; 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
epsilon €) indicates an editorial change since the last revision or reapproval.

1. Scope filtration and then examined microscopically. Microscopical
1.1 This method covers the size distribution analysis ofnalysis of the contaminant is conducted at two magnifications
particulate contamination, 5 um or greater in size, either on, o¥Sing a gating measurement technique with oblique incident
washed from, the surface of small electron-device componentdghting. Particles are counted in three size ranges: >100 um, 25
A maximum variation of two to one*(33 % of the average of 0 100 um, 5 to 25 um, and fibers. For low-contamination

two runs) should be expected for replicate counts on the sanl@Vels on irregularly shaped components, a procedure for
sample. running a blank is described. The method required strict

adherence to the procedures for cleaning apparatus.
Note 1—For satisfactory results on clean parts, it is recommended that

all procedures involved in sample preparation be conducted under a dugt Apparatus

shield. 4.1 Microscope with mechanical stage, approximately 45
2. Terminology and 10<. For 100x magnification, the recommended objec-
tive is 10 to 12X (but a minimum of &) with a numerical
aperture of 0.15 minimum. The optimum equipment is a
é)inocular microscope with a micrometer stage. A stereomicro-
Scope should not be used in this procedure.

4.2 Ocular Micrometer B & L 31-16-10, or equivalent.

4.3 Stage MicrometerB & L 31-16-99, or equivalent,
having 0.1- to 0.01-mm calibration.

4.4 Light Source—An external incandescent high-intensity,
f 6-V, 5-A source with transformer.
4.5 Microscope Slides-Glass slides 50 by 75 mm.
4.6 Plastic FilmP—Wash with membrane-filtered isopropy!

2.1 Definitions:

2.1.1 particulate contaminant-a discrete quantity of matter
that is either foreign to the surface on which it rests or may b
washed from the surface on which it rests by the ultrasoni
energy procedure herein described.

2.1.2 particle size—the maximum dimension of the patrticle.

2.1.3 fibers—particles longer than 100 um with a length to
width ratio of greater than 10:1.

2.1.4 planar surface—a surface that does not move out o
the depth of field of the microscope when the area to be
observed is traversed under the highest magnification to be

used. alcohol. o _
4.7 Solvent Filtering Dispensér.
3. Summary of Method 4.8 Membrane Filter Holder having 47-mm diameter and

@eat—resistant glass bake.
4.9 Filter Flask, 1 L.
4.10 Membrane Filters$, having 47-mm diameter, 0.45-pm

3.1 The method comprises two procedures for preparin
specimens for microscopical analysis: one for adhered particles
on planar surfaces and the second for particulate contamination i i
removed from irregular surfaces. A single optical analysig”©re Size, black, grid marked. ,
procedure is presented for particle enumeration in stated size 4-11 Vacuum Souree-Pump or aspirator (tap recom-
ranges. For planar surfaces, the component is mounted on"€nded). , ,
suitable flat support and mounted on the microscope stage. For4-12 Flat I_:orcep_s W.'th unserrated tips.
irregular surface components, the contamination is removed by 4-13 Plastic Petri Dishes.
subjecting the component to an ultrasonic cavitation field while
immersed in water containing a detergent. The contamination

is subsequently transferred to a membrane filter disk by 2saran plastic film or equivalent has been found satisfactory for this purpose.
3 Millipore Type XX 66 02500, manufactured by the Millipore Filter Corp., or
equivalent, has been found satisfactory for this purpose.
4 Millipore XX 1004700 or equivalent has been found satisfactory for this
1 This method is under the jurisdiction of ASTM Committee E-21 on Space purpose.
Simulation and Applications of Space Technology and is the direct responsibility of ® Millipore Type HABG 04700 manufactured by the Millipore Filter Corp., or
Subcommittee E21.05 on Contamination. equivalent, has been found satisfactory for this purpose.
Current edition approved May 10, 2000. Published September 2000. Originally © Millipore PD 10 04700 or equivalent has been found satisfactory for this
published as F 24 — 62 T. Discontinued January 1992 and reinstated as F 24 — OQurpose.
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Note 2—Plastic petri dishes should not be reused for conducting these 7.2.5 Remove the extracted part from the beaker and rinse

tests. thoroughly with membrane-filtered water allowing the water to
4.14 Ultrasonic Energy Cleaning Apparatudaving 2-L  run into the beaker.
minimum capacity (see Appendix X1). 7.2.6 Transfer the fluid from the beaker into the funnel of
4.15 Beaker 500-mL, chemical-resistant glass. the filter holder. Rinse the beaker with 50 mL of filtered water,
4.16 Double-Faced Pressure-Sensitive Tape or solvent and add this rinse to the funnel.
7.2.7 Cover the funnel with a piece of clean aluminum foll
5. Reagents or a cleaned 150-mm glass petri dish.
5.1 Isopropyl Alcohol ACS reagent grade, membrane- 7.2.8 Apply a vacuum to the fiIt_er flask until the quuid_ _has
filtered. completely passed through the filter. Do not add additional
5.2 Nonionic Liquid Wetting Agenmembrane-filtered. fluid to the funnel after the filter surface has become clear of

5.3 Water—Deionized or distilled water, membrane-filtered. liquid as this will upset the particle distribution on the filter.
7.2.9 Turn off the vacuum, remove the filter from the holder

Note 3—Membrane-filtered reagents shall be stored in bottles prepage with a forceps, and place the filter in a plastic petri dish

cleaned as described in 7.2.1 or by use of Swinney hypodermic filters ivvith the cover ajar. Label the dish and allow the filter to dry for
a Guth bottle. A procedure for control analysis of reagent cleanness is '

described in Appendix X2. at least 30 min.

L Note 6—If the filter curls on the slide, apply a thin coat of silicone

6. Determination of Background Counts grease to the slide under the filter. Alternatively, the filter dish may be
6.1 Prepare a blank by following steps 7.2.1-7.2.10, withousandwiched between ultrasonically cleaned glass slides.

introduction of the part, for the purpose of determining 7.2.10 When ready for the microscopical analysis, transfer
background counts (which are to be subtracted from the finahe filter with a forceps to the surface of a 50- by 75-mm glass
counts when parts are used). If excessively high backgrounghicroscope slide.
counts are obtained, cleaning procedures and handling shouldN 7 Storage of filters in a glass petri dish permits forced drying at
: : oTeE 7—Storag ilters in a glass petri dis its for ying

be reexamined before proceeding. temperatures of 60 to 70°C and allows more rapid sample handling.
7. Preparation of Test Specimens 7.2.11 Repeat 7.2.1-7.2.10 with the same part (stored in

7.1 For Planar Surfaces clean container) for the purpose of determining the percentage

7.1.1 Prepare a 50- by 75-mm microscope slide by adherinaf removable particles removed during the first run.
to it a 25- by 50-mm strip of double-faced masking tape. With Nore 8—Parts shall be stored in a clean, tight, ultrasonically cleaned
clean forceps, carefully remove the component to be testecbntainer until test preparations have been completed.
from its container and place it on the tape. 8. Procedure
7.1.2 Perform a particle count in accordance with Section 8.
7.2 For Irregular Surfaces 8.1 Calibrate the micrometer eyepiece scale with a stage
7.2.1 Ultrasonically clean all glassware, storage containerghicrometer for each magnification.
and filter holders in hot water containing a detergent. After 8.2 Count and tabulate particles in the following order of
washing, rinse the equipment with membrane-filtered watepize ranges: fibers, greater than 100 pm, 25 to 100 pm, and 5 to
and membrane-filtered isopropyl alcohol (Note 4) and drairéS HM.
dry. For use at low-contamination levels, check the cleanness 8.3 Conduct the count within a clean environmentally con-
of the equipment by conducting successive blank analyseiolled area having limited access.
(Note 5). 8.4 Adjust the microscope focus and lamp intensity to
S _ obtain maximum particle definition.
Note 4—Isopropy! alcohol final rinse is optional. 8.5 Use a 108 magnification for counting particles in the

Note 5—Wash bottles for providing membrane-filtered water and 5- to 25-um range and a 45magnification for particles greater
solvents may be constructed by attaching a Swinney adapter containing ﬁan 25 um

0.8-um membrane filter to the base of the outlet tube of a Guth Waslﬁ . .
bottle. 8.6 Scan the entire component surface or the effective area

7292 Carefull h ttob vzed f of the filters at each magnification and count the particles. Use
<. Larelllly remove the component 10 be analyz€d froMy, e 4¢y1ar micrometer linear scale as a gate, counting the

its container with clean forceps and place it in a clean 500-m|a : : . . :
S i S ropriate size particles as they pass the gate while scannin
beaker containing 200 mL of membrane-filtered distilled Waterbspmepans of thep mechanical si/age Aftergeach lateral scang

tod\évhéché) 1% bﬁ’ vc:)lumke of a r;]omlonlc Wftt'r.‘g zfa_iqentFr)mlas beﬁr}nove the stage vertically a distance equal to the length of the
Z E | O\aer tle eaker Wlit f."C San phastlc Im.l alce .th?nicrometer scale, using the filter grids or component surface
eaker in the ultrasonic tank filled to the proper level wit (or grids on overlay cover glass) as a guide for positioning. If

water. Apply ultrasonic energy to the system for 5 min. the number of particles is in excess of 50 in any size range, the
7.2.3 Preclean a 0.45-um black grid filter 47 mm in diameter, b y ge,

L o ; tatistical ting technique, outli in A ix X2,
by holding it with forceps and gently rinsing the filter surface ts)::lss‘le%a counting technique, outlined in Appendix may
with a stream of prefiltered distilled water from the wash '

bottle. 9. Number of Tests
7.2.4 Place the filter on the fritted base of the filter holder 9.1 For both types of surfaces, the number of test specimens
and clamp the funnel portion in place. measured is governed by the dimensions of the component or
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surface being analyzed. 11. Keywords

10. Interpretation of Results 11.1 optical particle counting; particulate contamination;

10.1 Read the number of particles of each size range ads® distribution analysis; surfaces
particles per component or as particles per square centimetre of
component surface.

APPENDIXES
(Nonmandatory Information)

X1. SELECTION OF ULTRASONIC EQUIPMENT

X1.1 To provide uniform and reliable ultrasonic energy, the X1.1.2 The type of transducer and frequency should be
following factors must be considered in selecting the equipselected to minimize focusing of energy in specific areas.
ment: X1.1.3 The power of the transducer should be chosen to

X1.1.1 The type of transducer and method of bonding musprevent standing waves (which do not allow vaporous cavita-
be selected so that frequency, inductance, and coupling coeon) and to prevent physical damage and cavitation erosion.
ficient are unchanged by heat, vibration, and age.

X2. METHOD OF COUNTING AND MEASURING PARTICLES

3.00 mm ——»|

X2.1 In obtaining the number of particles of a certain size
range, the number of particles on a representative number of

)

grid squares on the membrane filter paper is counted. From this % 77
count, the total number of particles, which would be present / -;—%
statistically on the total filtered area of 100 imprinted grid gesesyeo . /--,~ SUGGESTED
squares, is calculated. o ROUGH //«- / [ uwr anea
4 /a A ALTERNATE

X2.2 If the total number of particles of a certain size range 28 (For wieaLy
is estimated to be between 1 and 50, count the number of \></ SapLp)aTen
particles on all 100 grid squares. MEASURING EYEPIECE 1

X2.3 If the total number of particles of a certain size range ~«——1- GRID SQUARE

is estimated to be between 50 and 1000, count the number of
particles in 20 randomly chosen grid squares and multiply this
number by 5 to obtain the statistical total particle count.

X2.4 If the total number of particles of a certain size range Nore 1—With membrane filter on stage, movement of the stage makes
is estimated to be between 1000 and 5000, count the number pdirticles appear to pass the divisions on the measuring eyepiece.
particles on 10 randomly chosen grid squares and multiply this FIG. X2.1 Alternative Unit Areas
number by 10 to obtain the statistical total particle count.

_X2.5 If the estimated total number of particles of a givengractional area is multiplied by the ratio of the effective
size range exceeds 5000, particles are counted in standagfiation area, to the area counted. Select fractional area so that
fractions of grid areas (Fig. X2.1). Count the particles within alhere will be no more than about 50 particles of a size range.
least 10 of these fractional areas. The average count per
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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).



