QH“y) Designation: B 748 — 90 (Reapproved 2001)

Standard Test Method for

Measurement of Thickness of Metallic Coatings by
Measurement of Cross Section with a Scanning Electron
Microscope *

This standard is issued under the fixed designation B 748; 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 epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope 5. Equipment

1.1 This test method covers the measurement of metallic 5.1 The scanning electron microscope shall have a resolu-
coating thicknesses by examination of a cross section with ion of at least 50 nm. Suitable instruments are available
scanning electron microsope (SEM). commercially.

1.2 This standard does not purport to address all of the . o
safety concerns, if any, associated with its use. It is thé- Factors Affecting the Measurement Reliability
responsibility of the user of this standard to establish appro- 6.1 Surface Roughnesslf the coating or its substrate is
priate safety and health practices and determine the applicarough relative to the coating thickness, one or both of the

bility of regulatory limitations prior to use. interfaces bounding the coating cross section may be too
irregular to permit accurate measurement of the average
2. Referenced Documents thickness in the field of view.
2.1 ASTM Standards: 6.2 Taper of Cross Sectiertlf the plane of the cross section

E 3 Guide for Preparation of Metallographic Specinfens is not perpendicular to the plane of the coating, the measured
E 766 Practice for Calibrating the Magnification of a Scan-thickness will be greater than the true thickness. For example,

ning Electron Microscope an inclination of 10° to the perpendicular will contribute a
1.5 % error. True thicknesgf), equals measured thickness,
3. Summary of Test Method (t.), multiplied by the cosine of the angle of inclinatiof)

3.1 Atest specimen is cut, ground, and polished for metalt =t X cos). (See X1.3.2.)
lographic examination by an SEM of a cross section of the 6.3 Specimen Tilt-Any tilt of the specimen (plane of the
coating. The measurement is made on a conventional micr@ross section) with respect to the SEM beam, may result in an
graph or on a photograph of the video waveform signal for arroneous measurement. The instrument should always be set

single scan across the coating. for zero tilt.
N 6.4 Oblique Measurementlf the thickness measurement is
4. Significance and Use not perpendicular to the plane of the coating, even when there

4.1 This test method is useful for the direct measurement of no taper (6.2) or tilt (6.3), the measured value will be greater
the thicknesses of metallic coatings and of individual layers othan the true thickness. This consideration applies to the
composite coatings, particularly for layers thinner than norconventional micrograph (9.3.1) and to the directon of the
mally measured with the light microscope. single video waveform scans (9.3.2).

4.2 This test method is suitable for acceptance testing. 6.5 Deformation of Coating-Detrimental deformation of

4.3 This test method is for the measurement of the thicknesshe coating can be caused by excessive temperature or pressure
of the coating over a very small area and not of the average afuring the mounting and preparation of cross sections of soft
minimum thickness per se. coatings.

4.4 Accurate measurements by this test method generally 6.6 Rounding of Edge of Coatirglf the edge of the coating
require very careful sample preparation, especially at theross section is rounded, that is, if the coating cross section is

greater magnifications. not completely flat up to its edges, the observed thickness may
4.5 The coating thickness is an important factor in thediffer from the true thickness. Edge rounding can be caused by
performance of a coating in service. improper mounting, grinding, polishing, or etching.

6.7 Overplating of SpecimerOverplating of the test speci-

1 This test method is under the jurisdiction of ASTM Committee BO8 on Metallic MEN Serves to protect the coating edges during preparation of
and Inorganic Coatings and is the direct responsibility of Subcommittee B08.10 oicr0SS sections and thus to prevent an erroneous measurement.
Tesé "f;tl:‘t‘"lz_t_on approved Feb. 23, 1990. Published April 1990, Original Removal of coating material during surface preparation for

u 1t V' . y . ubnli I . 191 y . .
published as B 748 — 85. Last previous edition B 748 — 85. overplating can cause a low thickness measurement.
2 Annual Book of ASTM Standardgol 03.01.
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6.8 Etching—Optimum etching will produce a clearly de-  7.1.2 The surface is flat and the entire width of the coating
fined and narrow dark line at the interface of two metals. Aimage is simultaneously in focus at the magnification to be
wide or poorly defined line can result in an inaccurateused for the measurement,
measurement. 7.1.3 All material deformed by cutting or cross sectioning is

6.9 Smearing—Polishing may leave smeared metal thatremoved,
obscures the true boundary between the two metals and results7.1.4 The boundaries of the coating cross section are sharply
in an inaccurate measurement. This may occur with soft metaldefined by contrasting appearance, or by a narrow, well-defined
like lead, indium, and gold. To help identify whether or not line, and
there is smearing, repeat the polishing, etching, and measure-7.1.5 If the video waveform signal is to be measured, the
ment several times. Any significant variations in readingssignal trace is flat except across the two boundaries of the
indicates possible smearing. coating.

6.10 Poor Contrast—The visual contrast between metals in 7.2 For further guidance see Appendix X1.
the SEM is poor when their atomic numbers are close together.

For example, bright and semibright nickel layers may not be8. Calibration of Magnification

discriminable unless their common boundary can be brought g 1 calibrate the SEM with an SEM stage micrometer and
out sufficiently by appropriate etching and SEM techniquesgetermine the magnification factokl, in accordance with
For some metal combinations, energy dispersive X-ray techpractice E 766 (see X1.4.2). Other calibration methods may be
niques (see X1.4.5) or backscatter image techniques (S§Red if it can be demonstrated that they are sufficiently accurate
X1.4.6) may be helpful. for meeting the requirement of Section 12.

6.11 Magnification 8.2 If practical, the stage micrometer and the test specimen

6.11.1 For any given coating thickness, measurement errokg|| pe mounted side by side on the SEM stage.
tend to increase with decreasing magnification. If practical, the

magnification should be chosen so that the field of view isy. procedure

between 1.5 and>8 the coating thickness. . . ,
6.11.2 The magnification readout of an SEM is often pooret 9.1 Operate the SEM in accordance with the manufacturer's

e instructions.
0,
than the 5 % accuracy often quoted and the magnification has 9.2 Take into account the factors listed in Sections 6 and 12.

i 0
been found for some instruments to vary by 25 % across the 9.3 Make a micrograph of the test specimen under the same

field. Magnification errors are minimized by appropriate use of " . ) N
. . . conditions and instrument settings as used for the calibration

an SEM stage micrometer and appropriate experimental Pr% 4 make an aopropriate measurement of the microaraph

cedure. (See Practice E 766.) pprop grap

6.12 Uniformity of Magnificatior-Because the magnifica- image. Carry out this step in accordance with 9.3.1 or 9.3.2.

tion may not be uniform over the entire field, errors can occur 9.3.1 Conventional Micrograph

if both the calibration and the measurement are not made ovesrhz'r&ll'%je\]{}/r']t: d tr:r?ali):légi?/:alizoggl tzqeicrcooﬁgngsc(l)??ﬂg ;r:_]ﬁﬁ
the same portion of the field. This can be very important. Py ' grap

6.13 Stability of Magnification stage micrometer scale and of the test specimen.

6.13.1 The magnification of an SEM often changes or drifts 9'3'1.'2 Me.asure. the micrographs to at least the nearest .0'1

with time. This effect is minimized by mounting the stage mm using a_d|ffr§ct|on plate reader or equivalent device. If.th's.

micrometer and test specimen side by side on the SEM stage JssonOt practical, it may be because poor sample preparation is

as to keep the transfer time short causing the boundaries of the coating to be poorly defined.
6.13.2 A change in magnification can occur when adjust- ggg lﬁdlfr? :Navefcr)]rrtr;] S|ggal f ianal inal

ments are made with the focusing and other electronic SEM _~ """ otograph the video wavetorm signa Tor a single

controls. Such a change is prevented by not using the electronfg ! across the coating cross section and across the SEM stage

. micrometer scale.
focus controls or other electronic SEM controls after photo- . .
b 9.3.2.2 To measure the coating, measure the horizontal

raphing the stage micrometer scale except to focus with the. . . . . .
graphing g P 8|stance between the inflection points of the vertical portions of

mechanicalX, Y,andZ controls. Appropriate manipulation of . .
bprop P the scan at the boundaries of the coating. Make the measure-

the X, Y,andZ controls will bring the specimen surface to the . . .
focal point of the SEM beam ments to the nearest 0.1 mm using a diffraction plate reader or
) equivalent device.

6.14 Stability of Micrographs-Dimensional changes of . .
micrographs can take place with time and with temperature and 9.3.3 For further guidance see Appendix X1.
humidity changes. If the calibration micrograph of the stage . .
micrometer scale and the micrograph of the test specimen ard)- Calculation and EXPrESSIOH of Resylts .
kept together and time is allowed for stabilization of the 10.1 Calculate the thickness according to the expression:
photographic paper, errors from this source will be minimized. T = 1000X d/M 1)

7. Preparations of Cross Sections

7.1 Prepare, mount, grind, polish, and etch the test specimeMhere:
so that the following occurs: T

7.1.1 The cross section is perpendicular to the plane of th
coating,

coating thickness, in pm,
linear distance on micrograph, in mm, and
magnification factor as defined in Practice E 766.



iy B 748

11. Report 11.1.9 Name of individual responsible for the measure-
11.1 The report of the measurements shall give the followMments.

ing information: o _
11.1.1 Date measurements were made, 12. Precision and Bias

11.1.2 The title, number, and year of issue of this test 15 1 The instrument, its operation, and its calibration shall

melt{“idé dentification of the test _ be such that the uncertainty of the measurements shall be less
o entification of e tes Specimen(s), . than 0.1 um or 10 %, whichever is larger.
11.1.4 Location of measurement on test specimen(s), . .
11.1.5 The measured values and their arithmetic mean, ~ 12-2 For a thin gold coating, one laboratory reported mea-
11.1.6 The calibrated magnification as measured with agurement uncertainty of 0.039 um for the SEM stage microme-

SEM micrometer scale immediately before the test specimeff! scale, 0.02 um for the measurement of the calibration

measurements, micrographs, and 0.02 pum for measurement of the video
11.1.7 Type of measurement: conventional micrograph ovaveform signal scan. Based on practical experience, a repeat-
video waveform signal, ability of 0.1 um or better may be assumed.

11.1.8 Any unusual feature of the measurement that might
affect the results, and

APPENDIX
(Nonmandatory Information)

X1. TECHNIQUES OF SPECIMEN PREPARATION AND USE OF THE SEM

X1.1 Introduction Grades 240, 320, 500, and 600 without exceeding grinding

X1.1.1 The preparation of specimens and measurement &fmes of 30 to 40 s on each paper; alter the direction of
coating thickness are greatly dependent on individual techscratches by 90° for each change of paper. Then polish
niques and there is a variety of suitable techniques availabluccessively with 6 to 9, 1, and 0.5-pm diamond on microcloth.
(See Guide E 3.) It is not reasonable to specify only one set opome metallographers prefer the use of 0.3- and 0.05-um
techniques, and it is impractical to include all suitable tech-2lumina.
niques. The techniques described in this appendix are intendedX1.3.2 A convenient way to check for tapering of the cross
as guidance. section is to mount a small diameter rod or wire with the

. specimen so that the perpendicular cross section of the rod is
X1.2 Mounting parallel to that of the coating. If a taper is present, the cross

X1.2.1 To prevent rounding of the edge of the coating crossection of the rod will be elliptical.
section, the free surface of the coating should be supported s0x1 3 3 If the video waveform signal scan technique is used,
that there is no space between the coating and its support. Thisis important that scratches be completely removed and that
is usually achieved by overplating the coating with & coating apyerpolishing does not selectively remove one of the metals
least 10 um thick of a metal of similar hardness to the coatingmgore than the other so that the signal scan is distorted. With

The overplate should also give an electron signal intensitgarefyl polishing, it is often unnecessary to use chemical
different from that of the coating. The mounting material or gtches.

sample surface must be electrically conducting and grounded
to prevent a surface charge buildup in the SEM. X1.4 Use of SEM

X1.3 Grinding and Polishing X1.4.1 If the image of the cross section, as revealed in a
X1.3.1 Itis essential to keep the cross section surface of theonventional micrograph, is measured; and if the boundaries of
mount perpendicular to the coating. This is facilitated bythe coating cross section are revealed solely by the photo-
incorporating additional pieces of a similar metal in the plasticdraphed contrast between the two materials; the apparent width
mounting, near the outer edges, by periodically changing thef the coating cross section can vary, depending on the contrast
direction of grinding (rotating through 90° and by keeping theand brightness settings. The variation can be as great as 10 %
grind time and pressure to a minimum). If, before grinding,Without any change in instrument magnification. To minimize
reference marks are inscribed on the sides of the mount, arff{e resulting uncertainty, adjust the contrast and brightness so
inclination from horizontal is easily measurable. Grind thethat the image contains surface detail of the materials on either
mounted specimens on suitable abrasive paper, using &fde of each boundary.
acceptable lubricant, such as water, and apply minimum X1.4.2 Because the magnification of an SEM can change
pressure to avoid bevelling the surface. Initial grinding shouldspontaneously with time and can change as a result of changing
employ 100 or 180 grade abrasive to reveal the true specimesther instrument settings, it is advisable to calibrate the
profile and to remove any deformed metal. Subsequently, usestrument immediately before or after measurement of the test
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specimen. For critical measurements, the average of measumgelished specimen that yields a flat, smooth signal.

ments made before and after measurement of the test specimernX1.4.5 Many SEMs are equipped with energy dispersive
should be used. This assures that no change in the magnifici-ray spectroscopy (EDS) which can be helpful in identi-fying
tion occurred and it provides information about the precision othe metal-coating layers. At best the resolution of EDS is about
the calibration. 1 pm and often it is poorer.

X1.4.3 If the video waveform trace is measured, the mea- X1.4.6 The use of backscatter images instead of secondary
surement is made of the horizontal distance between thelectron images can also be helpful in distinguishing metal
inflection points at the boundaries. The inflection point is halflayers with atomic numbers as close together as 1.0 and with a
way between the horizontal traces of the two materials. resolution of 0.1 pm.

X1.4.4 For a video-waveform trace, select a portion of the
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