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I. A METHOD OF DETEBlIIIUNG THICKNESSES OF THIN COATIITGS 

Thiclmess determination by measurement of X-ray transmission is bas'3d 
on the exponential absorption lav, 

(1) 

For most materials, the mass absorption coefficient, J-t, and the density, 10 , 
are lmown or readily measured, The ratio of transmitted to incident intensity, 
IxfI

0
, 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 thiclmesses 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; extennal surfaces of almost any shape may be handled; when supple­
mente~ by electron microscope information, the thickness of coatings on small 
particles in the pigment range can be estimated, 

To measure X-ray transmission from one side, the beam must be re­
flected from tho backing mo.tcrial, Every crystalline substance reflects mono­
chromatic X-rays coherently at specific angles given by the Bragg diffraction 
formula, 

n)\ = 2 d sin 8 
' 

(2) 

where).._ is the X-ray wavelength, d. is the crystalline spacing giving rise to -a 
reflection at the angle e, and n is tho order of dif: raction, Eash substance 
has a unique sot of planar spacings dhkl, and a ssocio.tod r efl ection angles, 
ehkl• As an illustration of the procedure for measurement of an electroplated 
coating consider the, example of copper plating on a silver backing, Copper 
chc:,racteristic radiation is reflected most strongly from silver at an ai1glo of 
3~.l degrees. A second strong reflection occurs at 77 .6 degrees, lv10K~1 rays 
a re reflected strongly at 17.3 degrees and FeK~ rays at 48.4 degrees, Refer­
ring to Plate (1), if I 0 is the intensity reflected from the unplated silver, 
ru:1d I1, that from the copper plated silver (soc Appendix I), the ratio I 1/r0 

is 
~V@by ~ 2X 

- t< • I CU I1 - . cu r cu = e sine 
( 3) 
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Pl at e 2 shov,s the variation of I1/I
0 

with thickness of t ho copper pl ating, and 
with hard.rws s of the X-rays, Plate 3 plots corresponding data for aluminum on 
silver. The Geiger counter spectrometer described in NRL Report H-2235 servos 
conveniently for l aboratory measurements of this typo . 

When a given intensity is measured repeatedly with a Geiger counter, 
the individual results show a statistical distribution about tho true value . 
Tho probable error in any sot of counts, N, is given by 

J. 

P.E. ::: 0.67 N2 

The relative probable error is 

P,E. = 0.671,ii o.67 
,-. 

N N , ,N (5) 

For a probable 
probable error 
r esults of t wo 
probable error 

error of l ~O porcontt 4500 pulses must be counted. To r educe tho 
t o 0.1 percent, tho count must be r aised·to 450,000. When the 
intensity mo2 suromonts appear in a ratio, r1/I0 , the r el ative 
of the ratio is computed from , 

· I ~2 
· E 2 PE 2 \ 0.67( P. •11 • I- i r: 
--~+ (!) I 

i N 2 Nr 2/ 
\ I1 o / 

~= 
-.1_/ ~o 

( 6) 

With the aid of equation ( 6) it is possible to estimo.te the accuracy of any 
measurement of pl ating t hickness by the met hod described above . If all instru­
mental errors arc eliminat ed, any desired ac.curacy is t heoretical ly obtainabl e 
by counting over a sufficiently long period. From Plat e 2, the r atio .;1. is 
,94 for 10-5 ems, of copper if 1foKC\' r adiation is usod (Curve 1). .J.o. 
Assuming a counting rate of 200 counts per second (which is r eadily obtainable 
with the instrument described in H-2035), equation ( 6 ) shows that c·ounting 11 
and I

0 
for one minute each will determine a thickness of 10-5 ems_ within prob­

abl e error limits of ± 0.1 -x 10-5 ems. At tho other end of tho scal e , (Curve 3), 
if CuK radia tion is employed a thickness of 10-3 ems may be det ermined ·within 
±: ,04 -x 10-3 ems by again counting one minute for Ii and f or I. In every caso 
the probable error may be decreas ed by longer counting, but on~y in pro portion 
to t he square root of the length of th o counting period. The validity of the 
method has been chocked against co.lculations based on plating conditions and 
against micrometer measurements on foils, 

In applying tho t echnique to non-metallic mat erials, a t wo cl ement 
compound is treated as two superposed monatomic structures. Densit i es and ab­
sorption coefficients ar c assigned individu,'.'.lly to · tho r espective cl ements. 
For example, if tho compound is A2B of density , p , ·with atomic weights NA and 
NB, for the component atoms, · 



,---.. 

from which 
pressed by 

/J and I A 

,.-. 
_,:-·A 

= 21\JA 
-r- NB ' B ' 

f7' r: // 
and -+ ,r·-B = ,- .• 

1A 
I 

n f'B may be computed. The measured r atio I 0 

. I / - / 'A /:::,iA x,/\ ( e - . ·' 'B (C B x __ )·· 
Io = (e , . \ . 

-( ,./tA ,/'0A + ,,V IC) ) X 
I • B , B 

. I 

= e 

(7) 

(8) 

is then ex-

(9) 

where Xis the thickness of the compound layer. The extension of the treatment 
to more than t wo components follows in similar f ashion. 

In multilayer coatings, each t hickness may be determined by first 
solving for the upper layer , next for the sum of the first t wo l ayers, then 
the sum of the first three layers, and so on. 

If the backing surf:ice is rough, but not so rough as to permit under­
cutting by the coating one obtains the mass of co3ting per unit area by solving 
for /)X. 

I 
If the diffra.ction spectrometer is used, the width of the beam strik-

ing the specimen is controlled by the slit system. The focusing properties of 
the spectrometer permit the covering of an area as l ar ge as one square centi­
meter on c. flat surface in a single measurement. The lower limit for practical 
purposes may be set at about one quarter square millimeter, If large objects 
must be handled the standard specimen holi;ler may be replaced with o.ny suitable 
devic e for holding the test surface in position. 
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II. APPENDIX I 

EFFECT OF GENERAL AND FLUORESCENT SCt1. TTERED RADIATION 

It is incorrect to assQme that I1 in equation (3) is made up entirely 
of Kf radiation transmitted through the plating layer. If any material is ir­
radiated with X-rays harder than the minimum required to ionize the K shell, the 
entire fluorescent X-ray spectrum is excited. Even if the K<( radiation of the 
target employed is softer than the radiation required t o excite fluorescence, 
there is always present in the continuous spectru.,11 X.-rays of much shorter wave­
length than the IC( lines. Fluorescent rays excited by the high energy end of 
the continuous spectrum Bnd general sc<lttering contribute ar1 appreciable back­
ground radiation. The influence of backgrou.nd radiation on me ast:rement of 
thickness by the method described above may be considerably reduced by the use 
of suitable filters or almost completely r emoved by means of a crystal mono­
chromator, but this latter step is unnecessary, The coherent reflection from the 
silver is limited to c:m angular range less than one degree in 29. A measurement 
of intensity of the bnckground r~diation away from this line, gives the extra 
intensity due to general 2.nd fluorescent scattering. Subtr2cting this background 
from the total intensity measured at the Bragg angle leaves only the intensity 
truly transmitted through the thin l ayer. 

III. APPEI'DIX II 

METHODS OF MK ,SURING THICKNESS OF PLATINGS 

In a recent discussion( 1 )of the techniques of testing thickness of 
electrodeposits, the various methods v-rere classified ns follows: 

(1) Direct Measurement 

Micromet er - The met hod is crude for thicknesses l e ss 
than one-thousandth of an inch. 

Microscope - Measur ement is made on 2. polished cross­
section of t he pl at ed ar ticle. 

Chord - Coatings on fl c, t surfr. ces ::: r e just cu.t thr ou;:;h by 
a circular grinding whe el of r adius (R). The width of 
the cut ( the chord) C, is accurately measured c:md t he t hick­
ness (T) is computed f r0m 

c2 
T - 8R 



(2) Time Methods 

The time required for a corrosive solution to penetrate a pl at­
ing is measured. The deposit must be perfectly clean before testing since the 
slightest film of grease or oxide ai'f ects the rate of attack. 

Immersion - The specimen is immersed in the r e~.gent and 
the period required for penetration is timed. The r e­
agent is sto.ndardized against deposits of known thick­
ness and the r ate of penetration at a range of temper a­
tures plotted on a calibration chart. The method is 
applied to testing chromium, zinc and cadmium plating. 

J et Test - A fine continuous strewn of tho r ea.sent is 
allowed to impinge on the pl ated surface until the de­
posit is penetrated. The time is measured. Import2nt 
precautions are to ensure that there is absolutely no 
movement of the specimen during test and to t ake car e 
that spent so~ution can run away freely from the in­
spection point. The j et test is not applicable to very 
small complex surfaces or to points near the edge of 
l arge surfaces. 

Dropping Tests - Penetrating solution is deliver ed from 
a capillary tube in a series of drops. The number of 
drops per second is controlled o.t about 100 drops per 
minute . 

(3) lvlngnetic Measurements 

They r ely on measuring tho differ ence in mo.gnetic pro perties of 
the deposit compnred with tho b4se metal, e.g , , slightly m2.gnetic deposits such 
as nickel on non-magnetic deposits, such as brass; or non-magnetic coat ings such 
as zinc, on highly magnetic met als, such 2.s steel. The magnetic conditions v2ry 
with thiclmess of tho plating. 

Permanent Magnet - The attract ive f orce of a permanent 
magnet is measured by a steel spring and recorded on a 
diJ.l. 

Electro~Jo.gnetic Type - This t ype measures the variation 
in flux of a magnetic circuit, cro o.tod by tho el ectro 
deposited coating. 

( 4) Weighing lviethods 

These methods essentially consist of n dct crmin2.tion of t he 
total weight of a deposit on a lmovm area . 

(1) Reference: The Metal Industr.r - Vol. 63 , No. 6, Aug. 6, 1943, page 90. 










