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This standard is issued under the fixed designation F 1810; 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.

1. Scope 3. Terminology

1.1 This test method describes the technique to count the 3.1 Definitions of terms related to silicon technology are
density of surface defects in silicon wafers by microscopicfound in Terminology F 1241.

analysis. 4. Summary of Test Method

ton be made that defects are randomly distibuted on the surface, f g, -5 Selected and prepared samples for this test used Practice
assumption is not met, the accuracy and precision of this test method wiF ]_'725’ F 1726 or F ]?727' Th? defect to be analyze.d is exposed
be diminished. using a specific etching solution suggested in Guide F 1809.

4.2 Align the wafer on a microscope stage, inspect accord-

1.2 Application of this test method is limited to specimens:; . . . il
that have discrete, identifiable artifacts on the surface of th%‘igtitr?gﬂ:ﬁggnbef slﬂzgzcgfrs]if:ttem and count specific defects

silicon sample. Typical samples have been preferentially 2 : : . , .
etched according to Guide F 1809 or epitaxially depositedm:}L';“:'ghTtT]ee ?:Z?]Ife:nsgiift:;thea:g‘grls a single diametric scan

forming defects in a silicon layer structure. 4.4 The starting and ending points of the scan pattern are 5

1.3 Wafer thickness and diameter for this test method ismm from the edges of the wafer. Fig. 1 represents the
limited only by the range of microscope stage motions ava“'characteristics of the pattern ' '

able. 4.5 The complete inspection pattern of this test method is

1.4 This test method is applicable to silicon wafers Withb L
) ased upon the combination of four separate scans across
defect density between 0.01 and 10 000 defects pér cm different diameters.

Note 2—The commercially significant defect density range is between5 Signifi du
0.01 to 10 defects per cinbut this test method extends to higher defect - Ignificance an se
levels due and improved statistical sampling obtained with higher counts. 5.1 Defects on or in silicon wafers may adversely affect

1.5 This standard does not purport to address all of thedevice performance and yield. o
safety concerns, if any, associated with its use. It is the 5.2_Crystal_defect analysis is a useful technique m_trouble-
responsibility of the user of this standard to establish appro-Shooting device process problems. The type, location, and
priate safety and health practices and determine the applicadensity of defects counted by this test method may be related
bility of regulatory limitations prior to use. to the crystal growth process, surface preparation, contamina-
tion, or thermal history of the wafer.
2. Referenced Documents 5.3 This test method is suitable for acceptance testing when
2.1 ASTM Standards: used with referenced standards.
F 1241 Terminology of Silicon Technology

F 1725 Practice for Analysis of Crystallographic Perfection6' Interferences

of Silicon Ingotg 6.1 Improper identification of defects is possible during the
F 1726 Practice for Analysis of Crystallographic Perfectioncounting process.
of Silicon Waferg 6.1.1 Contamination not removed by cleaning procedures or
F 1727 Practice for Detection of Oxidation Induced Defectsdeposited following cleaning, may become visible after pref-
in Polished Silicon Wafefs erential etching. o _ _ .
F 1809 Guide for Selection and Use of Etching Solutions to  6.1.2 Insufficient agitation during the preferential etching
Delineate Structural Defects in Silicen process may cause artifacts that may be mistaken as crystallo-

graphic defects.
6.2 The accuracy of the defect density calculation is directly

1 This test method is under the jurisdiction of ASTM Committee F-1 on gffected by calibration of the area of the microscope field of
Electronics and is the direct responsibility of Subcommittee F01.06 on Siliconview
Materials and Process Control. ; . . .

Current edition approved June 10, 1997. Published August 1997. 6.3 The defect density determined by this test method

2 Annual Book of ASTM Standardgol 10.05. requires an assumption be made that defects are randomly
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9.1.4 Rotate the wafer by 45° on the microscope stage and
repeat 9.1.3 for the second scan. Refer to Fig. 2 for improved
definition of the scan pattern.

9.1.5 Rotate the wafer by 45° on the microscope stage and
repeat 9.1.3 for the third and then the fourth scans.

9.2 Defect Density Calculation:

9.2.1 Count each defect class separately for each diameter
scanned. Calculate the total area inspected by multiplying four
(4) times the calibrated width of the field of view in centimeters
by the length of the scan in centimeters. The lengihig the
wafer diameter @) minus twice the edge exclusioi)(

[L=D—(2XE)]
Note 1—Begin scan 5 mm from the edge. The density is the defect count divided by the total area.
FIG. 1 The Basic Microscopic Inspection Scan Pattern

Note 4—When a scan intersects a flat, notch or laser mark, the total
area must be adjusted according to the reduced length of the affected
distributed on the surface. Nonuniform patterns of defects altefcans- Failure to adjust the area resuits in inaccuracy.
the defect _den5|ty measurement by their size and location. 1q Report

6.4 Multiple scan patterns intersect at the center of the
wafer. If a defect is found at this single, common point, it is
counted more than once and shall alter the accuracy.

10.1 Report the following information:

10.1.1 Date of test, laboratory and operator,

10.1.2 Identification of the specimen wafer, conductivity
7. Apparatus type, orientation, and diameter,

7.1 Nonmetallic Vacuum Pickup Toabf suitable material 10.1.3 Specimen history; thermal cycle, preferential etchant

such as quartz or TFE-fluorocarbon. The pickup tool shall béoT&uﬁ'O.ﬂ’sthézlfigﬁsioﬁﬁ?gfs'-drlﬁ,gn?,iﬁg?éﬁmﬁ deigrt];rll%rea
constructed so that no metal can contact the specimen wafer, =~~~ P ' 9 k

i . . " inspected, and
att7a.c2h(r312trl1(t:al Microscopgequipped with interference contrast 10.1.5 Defect density and precision by defect classification.

Note 3—Nomarski differential interference contrast is an example of 11- Precision and Bias
interference contrast. 11.1 Precision—The multi laboratory precision of this test
7.2.1 Eyepiece and Objective Len& combination shall method was established through a round-robin experiment.
give a magnification range of approximately 0@ 400x  Seven (7) wafers with randomly distributed oxidation induced
magnification of the specimen. The dimension of the field ofstacking faults were analyzed by sixteen (16) laboratories over
view at each maghnification option is calibrated to allow defecteleven (11) diameter scans. Repeatability and reproducibility

density calculations. of this test method were calculated using two sets of four scan
7.2.2 Graduated Metric X-Y Microscope Staigused for ~Mmeasurements from each laboratory and wafer. The wafer
sample positioning. samples were prepared according to Practice F1727 and
etched with Wright Etch according to Guide F 1809.
8. Sampling 11.1.1 Repeatability—The method repeatability is equal to
8.1 Specimens shall be selected to represent the lot to k&8 times_the within-laboratory standard deviation or 5.22
tested as Specified in producer-consumer agreements_ dEfectS/Crﬁ. Repeatablllty contributes 23.81 % of the total
variation. The variability of the measurement is sample
9. Procedure dependent; assumptions of random OISF location were
9.1 Four Scan Inspection Pattern: described as an interference.

9.1.1 Place the specimen wafer onto the microscope inspec- 11-1.2 Reproducibility—The method reproducibility is
tion stage. Handle wafers only with a clean nonmetallicedual to 2.8 times the between-laboratory standard deviation or

vacuum pickup tool to avoid scratching or contaminating the
surface.
9.1.2 Place the specimen such that a single linear motion of

4
3
the stage (eithex or y) allows counting of defects contained in
the field of view along the path label&B in Fig. 1. PointsA
andB are found 5 mm from the wafer edge and the IkRis
rotated 45° from the location of the major locating flat or notch. | <€ }2
Y "

Alternative edge exclusion positions are acceptable with the
agreement of the parties involved.

9.1.3 Scan the path and record the classification and num-
bers of the defects observed during the scan. Refer to descrip-
tions and pictures in Guide F 1809. FIG. 2 Four Scan, Multiple Microscopic Inspection Pattern.
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9.31 defects/ct Reproducibility contributes 75.73 % of the TABLE 1 Ten Scan Inspection Data

total variation. Note 1—Ten separate diameters were measured on each of 7 wafers by
Note 5—Additional analysis is presented in Appendix X1. A study of 16 laboratories. The total number of scans for each sample equals 160.

two repetitions of this test method was extracted from the existing,  Wafer Identity Standard Deviation Mean OISF Density All Data

multiple scan data measured at each laboratory. (OISF/em?)
11.1.3 The wafers exhibited single diameter scans that g‘ 2-‘7‘3 (1)'4212

ranged from zero (0) to thirteen (13) defectsfcwhile the c 1903 108

grand average of all measurements for each wafer yielded D 1.02 0.82

densities of 0.21 to 3.60 defects/€mThe range in c e P

measurement density is related to differences between G 071 051

laboratories and local variation of the defect density on the ALL 1.49 1.28

wafer itself. Table 1 shows the sample dependence of result

with the standard deviation versus mean OISF count for ten , .

independent scans. range of_the location deviations from the target for the
11.2 Bias—No standard reference materials are available t§OUNd-robin results or 2.11 defects/tm

calibrate this measurement; therefore a target density for each

wafer was assigned by averaging the combined data from afi2- Keywords

scans of each wafer. Analysis of the round robin is based upon 12.1 defect density; dislocation; grain boundary;

the individual deviation from the target for each measuremeninicroscopic; polycrystalline imperfection; preferential etch;

and sample. The method bias is estimated using the averagdicon; slip

APPENDIX
(Nonmandatory Information)

X1. SUMMARY OF MULTI LABORATORY ROUND ROBIN TEST

X1.1 The multilaboratory round robin test was done over adeviation from target by laboratory was done. Results are
period of 12 months and included 16 laboratories. The testhown in Table X1.2. Differences among laboratories are also
required each laboratory to complete 11 diameter scaevident in the box and whisker plot provided in Fig. X1.1.
measurements of seven wafers. A “diameter scan” area is equal
to the area defined by a microscope field of view and a lengt i , X
equal to the wafer diameter less the edge exclusion. Only onfs®™m all other laboratories, but were included in the reported
defect classification, OISF, was included in the count and recision and Bias Section because no evidence pointed to a
described with pictures. The sequence and path of thBrocedural mistake. The alternative repeatability and
measurement scans were defined so that the comparison of tgé)l‘OdUClbl“ty study results are listed in Table X1.3 for the
individual measurements would be possible among data setQUr scan method for the parameter, deviation from target, in
Within the ability of each laboratory to align the sample on theUnits of defects/crh
microscope stage, the starting point and scan path was held

X1.4 Results from Laboratory F were significantly different

TABLE X1.2 Multiple Range Test for 16 Laboratories

constant.
Laboratory Count Least Squares Mean Homogeneous Groups
X1.2 Th(_a complete repeatability and reproducibility study H 77 0.948022 X
results are listed in Table X1.1 for the four scan method for the c 77 —0.948002 X
parameter, deviation from target, in units of defects/cm A 144 —0.868478 XX
(e} 77 -0.635124 XXX
H 0, M 77 —0.469934 XX
X1.3 Amultiple range test by the 95 % LSD method for the 3 77 0437819 M
» e I 77 -0.28686 XX
TABLE X1.1 Repeatability and Reproducibility for 16 L 77 —0.261265 XX
Laboratories, Seven Samples, and Two Trials N 77 0.064319 XX
Average range = 2.107 Range of x-bars = 12.130 P 77 0.176689 XX
- - - N B 77 0.403837 XX
Estimated Sigma Estimated Variance Percent of Total E 77 0.406758 XX
Repeatability 1.863 3.472 23.92 K 77 0.425747 XXX
Reproducibility 3.323 11.045 76.08 D 77 0.549704 XX
Repeatability and 3.810 14.517 100.00 G 77 0.816097 X
Reproducibility F 77 2.01237 X
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ASTM OISF Round Robin, 4 Diameter Scans per Test
95% Confidence Interval Box and Whisker Plot
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FIG. X1.1 Box and Whisker Plot for 16 Laboratories Deviation from Target

TABLE X1.3 Repeatability and Reproducibility for 15
Laboratories, Seven Samples, and Two Trials

Average range = 1.930 Range of x-bars = 7.018
Estimated Sigma Estlr_nated Percent of Total
Variance
Repeatability 1.707 2.912 44.08
Reproducibility 1.922 3.695 55.92
Repeatability and 2.570 6.607 100.00

Reproducibility
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