





I. A METHOD OF DETERMININGVTHICKNESSES OF THIN COATIIIGS

Thickness determination by measurement of X-ray transmission is based
on the exponential absorption law
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For most materials, the mass absorption coefficient, «( , and the density,/ﬁy,
are known or readily measured, The ratio of transmitted to incident intensity,
IX/IO, is generally measured with a Geiger counter or ionization chamber,
Measurements of this type are treated in NRL Report M-1799, where it is shown
that reliable results are obtainable for thicknesses varying from hundred
thousandths of an inch, using soft X~rays, to as high as several inches with
high voltage radiation. The present report describes a method of adapting X-
ray transmission for measuring thin coating or plating thicknesses from one
side. The method described below has certain desirable features not obtain-
able in most standard practices, (Appendix II), It is essentially non-des-—
tructive; it measures non-metallic or metallic coatings on either type of
backing; it determines separate thicknesses in multi-layer coatings of dif-
ferent substances; it measures mass per unit area independently of backing.
surface or front surface roughness; a single measurement may be an average over
a surface area as large as one square inch or as small as one-quarter square
millimeter; external surfaccs of almost any shape may be handled; when supple-
mented by electron microscope information, thc thickness of coatings on small
particles in the pigment range can be cstimated,

To measure X-ray transmission from one side, the beam must be re-
flected from the backing material, Every crystalline substance rcflects mono—
chromatic X-rays cohcrently at spccific angles given by the Bragg diffraction
formula,
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where ) 1s the X-ray wavelength, d is the crystalline spacing giving risc to a
reflection at the angle &, and n is the order of diffraction. Eaeh substance
has a unique sct of planar spacings dpk1s and associated reflection angles,
Bnik1e As an illustration of the procedure for measurcment of an electroplated
coating consider the.example of copper plating on a silver backing, Copper
characteristic radiation is reflected most strongly from silver at an angle of
38.1 dcgrees., A second strong reflection occurs at 77,6 degrces, MoKy rays
are reflected strongly at 17.3 degrees and FeK&' rays at 48.4 degrces, Refer-
ring to Plate (1), if I, is the intcnsity reflected from the unplated silver,
and I3, that from the copper plated silver (sce Appendix I), the ratio Il/Io is
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Plate 2 shows the variation of Il/Io with thickness of the copper plating, and
with hardncss of the X-rays, Plate 3 plots corresponding data for aluminum on
silver, The Geiger counter spectrometer described in NRL Report H-2235 serves
convenicntly for laboratory measurements of this type.

Then a given intensity is measured recpeatedly with a Geiger counter,
the individual rcsults show a statistical distribution about the true valuec.
The probable error in any set of counts, N, is given by

1
P,E., = 0.67 N? (4)

The relative probable crror is

P.E, 0,670 . 0.67 ,
N N ~N (5)

For a probable error of 1,0 percentt4i500 pulscs must be counted, To rcducc the
probable error to O.1 porcent the count must be raised to 450,000, When the
rcsults of two intensity mecasurcments appear in a ratio, Il/I the relative
probable error of thc ratio is computed from
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With the aid of cquation (6) it is possible to estimote the accuracy of any
mecasurement of plating thickness by the mcthod described above, Ifi'all instru-~
mental crrors arc climinatcd, any desired accuracy is theorctically obtainable
by counting over a sufficiently long period., From Plate 2, the ratio Il is

.94 for 10~% cms, of copper if MoKy radiation is uscd (Curve 1), :;
Assuming a counting ratec of 200 counts per sccond (which is readily obtainable
with the instrument described in H-2035), equation (6 ) shows that counting I
and I, for one minmute cach will detcrminc a thickness of 10—5 cms within prob-
able error limits of * 0,1 x 10™> cms, At the other ond of tho scale, (Curve 3),
1f CuK radiation is employed a thickncss of 10~3 cms may be determined within
1,04 x 10-3 cms by again counting one minute for I and for I_, In every casc
the probable error may be decreascd by longer counting, but oniy in proportion
to the squarc root of the length of the counting period. The validity of the
method has been checked against calculations bascd on plating conditions and
against micromcter measurcmcnts on foils,

In applying the technicue to non-mectallic matcerials, a two clement
compound is treated as two supcrposed monatomic structures, Densitics and ab-
sorption coefficicnts are assigned individunlly to' the respective clements,
For example, if the compound is 4,B of density, #7s with atomic weights Ny and
Ngs for the component atoms, '
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