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X-RAY FLUORESCENCE
FOR
MEASURING PLATING THICKNESS

1. PURPOSE

There are a number of techniques currently being used for measuring plating thickness. All have peculiar
application and also limitations. Basic economics, however, demands that for measuring gold thicknesses in
the commonly used plating thickness ranges, a system must be highly reliable, accurate, repeatable and fast.
Over the past several years X-ray Fluorescence systems, more than any other, have been found to meet that
requirement. There are, however, many facets of operation involved with x-ray techniques with which the
operator should be acquainted. The purpose of this paper is to highlight these subtleties so that x-ray users
are aware of them and can implement procedures for their instrument operation which will provide
measurements of highest possible levels of accuracy and repeatability.

2. INTRODUCTION

X-rays are electromagnetic waves, generally thought of as particles of light or photons of very high energy
levels. They travel at a very high frequency and are of short wave length. X-ray radiation occurs naturally,
such as in the form of a radioisotope or can be generated artificially as in an x-ray tube. The advantage of an
x-ray tube is that it produces a high x-ray flux which does not decay and is generated only as long as power is
applied. The radioisotope in contrast cannot be turned off and unless a large quantity of the material is used,
it generates only a small flux of x-rays.

Consequently, the x-ray tube is the more stable and safest system for generating x-rays in applications for
measuring plating thickness. This is accomplished in the tube by applying a high voltage across the gap
between a heated cathode filament and a tungsten target causing the electrons to bombard the target at high
energies which in turn emits x-rays. In application these incident x-rays must be focused into a fine beam
capable of being directed into extremely small areas. This is done by passing the x-rays through a long
narrow tube made with strongly absorbing or reflective walls which permit only radiation traveling parallel to
the tube axis to traverse its entire length. This tube, known as a "Collimator”, can direct x-rays in a beam as
narrow as 0.08 mm (.003") in diameter, allowing access to very small areas.

3. X-RAY FLUORESCENCE

The atoms which make up an element consist of a central nucleus surrounded by electrons orbiting the
nucleus at various energy levels, known as shells. If an incident photon, a quanta of energy, strikes an
electron in a given shell that electron will gain energy from the striking photon and becomes excited. In this
state it leaves the atom, creating a vacancy in the shell from which it originated. To fill the vacancy an upper
level electron, one with a higher energy will fall into the vacancy. The excess energy which this electron
possesses will then be released as the emission of a photon, in this case, an x-ray photon. This is known as x-
ray fluorescence.

Each atom possesses an electron distribution and arrangement peculiar to itself, see Periodic Table, page 7.
The energy of the fluoresced x-rays for a given emission line increases with the atomic number of the
particular atom. In other words, the wave length or energy of the fluoresced x-rays characterizes the
particular atom emitting them. So, it can then be seen that by examining the distribution and energies of the
fluoresced x-rays from materials, the nature of these materials may be determined. Further, by the
monitoring of the relative quantities or intensities of the x-ray fluorescence throughout the spectrum the
proportional quantities of the materials present can be determined as well.
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4. MEASURING THICKNESS

To determine coating thicknesses, spectral or energy peaks are generated representing the intensity or count
rate of x-ray fluorescence at energy levels for the base material and for the coating material to be measured.
For a substrate with only a thin coating the x-ray spectrum will show a high peak for the substrate and a
small peak for the coating material. As more of the coating is added the size of the substrate peak decreases
and the peak in the coating region of the spectrum will increase. The substrate peak decreases as the coating
increases simply because the x-rays are being absorbed by the coating. This will continue as more coating
thickness is added until there no longer is any difference in the detected x-ray fluorescence from the
substrate and the coating material reaches a point of saturation. To redefine, this point of saturation can be
considered as the point where the coating material approaches a thickness such that the intensity of the x-
rays fluoresced from the coating no longer increases with the increase in coating thickness.

To make a measurement there are 2 methods which can be employed. The first is described as the excitation
mode in which a window is established around the region of interest for the coating material. When the
measurement is complete a computer (an integral part of the instrumentation) integrates all the counts of all
the x-rays which were detected within this window. A wide variety of coating and base combinations can be
measured. As the coating thickness increases, so does the intensity or count rate of the fluoresced x-rays
within the window until a point of saturation is reached. This is known as the upper thickness limit which is
specific to each coating. An example of some of these limits is shown in the table that follows:

Approx. Upper Limit
Combination (in)
gold/nickel 300
nickel/copper 950
tin/copper 3000
60/40 solder/copper 1500
palladium /nickel 1900

The second method for making measurements is the absorption mode which is an alternate method when the
excitation mode is not suitable, such as in the case of coatings with very low atomic number. In this
absorption mode, the window or region of interest is established around the substrate material and so the
coating thickness increases, the intensity of the x-rays from the substrate will decrease.

In both measuring modes, the intensity (count rate) is translated into direct measurements by means of a
mathematical relationship between "normalized counts” from the sample and the coating's thickness. The
term "normalized counts” is the count rate data from a sample expressed as a percentage of the range
between a bare sample and a sample of the coating material at saturation thickness.

Many instruments are available for making measurements using the X-ray Fluorescence system. Each may
have built in features peculiar to make and model which may improve the ease or speed of the required
operating mechanics. Regardless, there are basic requirements to be aware of, whether performed
automatically in the instrument or manually by external controls.

5. CALIBRATION

Calibration is the first and most important step in the use of any measurement instrument, including x-ray
fluorescent types. Most significant factors influencing the accuracy and repeatability are the following:

~y
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5.1 Accurate and reliable thickness standards must be obtained. Most sources certify the accuracy to
be +/-5% of the stated value. Standards should be verified by comparison to other techniques.
This is done primarily for the detection of any bias. Limitations and possible error sources of
each technique must be taken into account when attempting to perform a calibration.

5.2 Each calibration requires a base and an infinite standard. These provide the end points of the
calibration curve. The base should consist of the basis metal substrate and the appropriate plating
that will be applied as the undercoating on the specimen to be measured. The infinite standard
should consist of the measurement coating at a thickness such that the x-ray beam cannot
penetrate to the basis metal or undercoat. This is the saturation point at which the count rate will
not increase with an increase in thickness.

53 Variations in the basis metal will not affect the accuracy and repeatability of the measurement
unless its characteristic peak interferes with that of the coating to be measured. The prime
example of a basis metal interference is the measurement of nickel over copper. In this case, the
interference is handled by using a cobalt filter which selectively screens the copper counts from
the detector but allows the nickel counts to pass through. Other interferences can be calibrated
out through a base adjustment program available on many units. Refer to manufacturers'
guidelines for specific procedures.

54 The calibration count time has a direct influence on the variability of the resulting calibration. A
count time should be chosen by the user to provide the confidence level desired. Measurement
repeatability is improved as calibration count times are increased.

6. MEASUREMENT TIME

The measurement time selected will affect the accuracy and repeatability of the resulting thickness
measurement. The required count time should be established by the user to obtain the desired level of
precision. This can be accomplished by performing count time studies; i.c., measure the same product at
various count times and evaluate the results for precision. Many of the units available today are equipped
with software programs that will predict the percent uncertainty of a measurement at various count times.

7. DENSITY

As with all mass-per-unit-area techniques, the x-ray measurement is based on a conversion of mass to
thickness. Therefore, the density of the plate must be considered.

For many electro-deposited coatings, such as nickel, the density is fairly straightforward and the value
employed is consistent throughout the industry. Gold, however, is a different story with many densities
reported. Military specifications for hard gold specify, by grade and type, acceptable purity and hardness -
but not density._

Densities ranging from 15.7 to 19.3 G/CC have been reported for gold, with hard gold electrodeposits at the
lower end of the scale. The density of the plate will vary with bath chemistry and current density. When
performing thickness measurements and comparisons an agreed upon density should be established based on
the plating conditions.

8. DRIFT
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The x-ray tube and detector are subject to some degree of drift over time. This drift must be corrected for at
some frequency. The correction procedure is handled differently by each unit manufacturer but the general
principle involves the realigning of specific spectral peaks and count rates in comparison to initial calibration
conditions.

The frequency at which this correction will need to be performed should be established by each user based
on accuracy and repeatability requirements.

9. SAMPLE CONDITION

The geometrical configuration and condition of the sample should be considered before taking
measurements. If the sample has surface damage or poor adhesion, the measurements will not be accurate. If
the sample is significantly curved, the unit may need to be calibrated with standards of the same geometrical
configuration.

10. LOCATION AND POSITIONING

Most connector products today are selectively plated. Therefore, the thickness measurement must not only
show that the thickness is correct but that the coating is in the proper location for product functionality.

Many x-ray units do not have an easy, accurate means of determining location. The user should consider, if
location accuracy is a concern, retrofitting these units with electronic, digital x-y stages.

11. GENERAL USE PRECAUTIONS

As with any instrumentation there are always a number of general rules or precautions which must be
followed in order to obtain optimum results. Listed below are some general use guidelines to incorporate
into any x-ray fluorescence testing techniques.

11.1 As mentioned earlier, the collimator is the mechanism by which the x-ray beam is aimed onto the
correct measurement area. Therefore, the alignment of this collimator to the microscope is critical and
should be verified at a frequency that the user feels is adequate to ensure proper alignment.

11.2 Along with the collimator alignment, another factor to consider is the size of the collimator in relation
to the size of the measurement area. The area that the x-ray beam is striking must be totally covered by
the sample being measured. The user should also be aware of the fact that the x-ray beam will spread
from the time it exits the collimator until it strikes the part.

11.3 The orientation of the sample in relation to the detector is also important. The general rule is that
nothing should be between the measurement area and the detector that would block the path of the x-
rays. (ex., detector shadowing).

11.4 Samples must be flat on the staging area and must be in clear focus. Individual eyesight may affect the
focal length significantly enough to give inaccurate readings on some instruments. Each user should test
their eyesight (i.e., focusing ability) on a known sample or thickness standard.
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11.5 Cylindrical parts should be positioned with their length perpendicular to the detector.
11.6 Sampling frequency should be considered if using x-ray fluorescence as a process control. Frequency
should be adequate enough to detect shifts in the process. SPC programs tied into x-ray fluorescence

measurements are very effective for this purpose.
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