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cence (XRF) plating thicknesssample, which is positioned on a stage
and composition measuremenbelow the x-ray tube and collimator.

instruments incorporates four feadt is these fluoresced x-rays that are
tures: 1. A source of high-intensity x-collected to build an x-ray spectrum
rays; 2. A mechanism to define the xof the sample, the most important
ray beam size; 3. An x-ray detectiorpart of any XRF measurement. Fig.
and pulse processing system; and 4.,
Sample positioning optics and During x-ray detection, a gas-filled
staging. proportional counter produces an

The XRF systems used for platingoutput charge pulse proportional to
measurement use x-ray tubes as thtbe energy of the x-ray entering
primary x-ray source. The output ofthrough a beryllium window. The
an x-ray tube is known as bremsstrahlgrocessing of these pulses requires
ung' and consists of a continuum ofamplifying and shaping the pulse,
X-ray energies. determining the pulse height and fi-

The x-ray beam size and geometryally building a PHA (pulse height
are defined by a “collimator,” which analysis) or spectrutrfrom the col-
is essentially a pin-hole aperture. Théected pulses. Fig. 2.
size of the pin-hole, the collimator- Rather than the tungsten (W) “tar-
to-work distance and the focal-spoget” found in most x-ray tubes, a tube
size of the x-ray tube determine théncorporating a molybdenum (Mo)
beam size at the work surface. target is used. This provides for

This beam of x-rays induces chargreater precision. In addition to

The basic design of x-ray fluores-acteristic x-ray emissions in the
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bremsstrahlung, the output of the Mo4rary. These values are selected to
target x-ray tube includes the intenséall on the curve at preselected re-
characteristic Kalpha and Kbeta Mogions that will define the curve most
emission lines. Simply put, the en-accurately for the thickness ranges
ergy of the Mo K emissions is abovemost commonly measured. For ex-
the absorption eddeof gold. The ample, 30 to 50 microinches is the
intense Mo x-rays combine with thevalue for gold over nickel. Addition-
bremsstrahlung to produce extremelglly, infinite samples of the coating
intense gold fluorescence (i.e., higland substrate are used during cali-
countrate). As a further refinementpration to set x-ray tube intensity and
the glass envelope comprising the xto define relative counts or “normal-
ray tube incorporates a beryllium (Bejzed counts” in which the ROI
“window” that allows more of the x- countrate from a sample will be scaled
rays, particularly the low-energy x-to fall between zero (the relative
rays, to reach the sample. Thereforesountrate from the base) and one.
countrates from copper and nickel Thickness standards are selected
are dramatically improved as well. whose values will fall at certain pre-
Calibration. To measure thicknessdefined normalized counts, typically
and/or composition for a given appli-0.20, 0.40, 0.60, and 0.80 for single
cation, it is necessary that the XRHayer gold. Foil thickness standards
system be calibrated using knowrare better than plated thickness stan-
references or standards. In calibratdards, since they deliver improved
ing for a specific application, such asaccuracy and versatility.
gold over nickel, an appropriate cali- Selectingbeam sizélhe user must
bration mode is first selectédA “re- select the beam size to use for the
gion of interest” (ROI) is defined calibration. This decision is prima-
that encompasses the channels in thidy based upon the size and geom-
x-ray spectrum in which the charac-etry of the part. For flat surfaces, use
teristic x-rays from only that coatinga beam size that is at least two mils
(i.e., gold) occur. The countratesmaller than the width of the area.
within this ROI will increase as the For example, if measuring a contact
thickness of the layer increases, up tthat is 15 mils wide, use a 12 mil
the point of saturation of infinite beam size.
thickness’. By taking countrate data The size of the collimator pinhole
on reliable thickness standards andoes not directly indicate the beam
fitting the data to a calibration curve,size. The beam size at the work sur-
the constants defining the thicknes$ace is determined by three factors:
curve are defined. These constantt. X-ray tube focal-spot diameter; 2.
are stored in the computer’s memoryistance between the collimator and
for repeated use. the sample; and 3. Size of the colli-
The specific thickness standardsnator. Some manufacturers have
used for the calibration are not arbi-adopted the use of beam size in place

FEBRUARY, 1995 PRODUCTS FINISHING 71



™ Focus: Testing Plated Finishes

of collimator size to make calibra-dards to ensure proper tracking. A
tion easier for operators. measuring time sufficient to obtain
When measuring cylindrical partsbetter than plus or minus five pct
or other curved samples, the rule ofincertainty should be used also. The
thumb is to select a beam size that ieadings should come within five pct
no larger than one-third the diameteof the labeled values. If not, the cali-
of the part. bration should be repeated.
Selecting calibration measure-  Reference measurementDuring
ment time. Measuring time is a criti- calibration, all modern XRF systems
cal factor during calibration, sinceadjust their pulse processing elec-
data for each standard form the basisonics to ensure that certain chan-
for the calibration as well as for meanels in the spectrum correspond to
surement on unknown finishes. As dhe correct x-ray energies. Readings
rule of thumb, the user should alway®n the reference standard are used to
use a measuring time for calibratiormake necessary adjustméntsn ad-
that is greater than the measuringition, the countrate on the reference
time he will use for samples. Thirtystandard is stored along with the cali-
sec are recommended. This is almodtration. Later, this data will be com-
always more than satisfactory formpared with new readings on the same
applications, since increasing the timeeference standard and any differ-
further will not result in significantly ences in the countrates will be cor-
improved calibrations. rected, adjusting for any drift.
Standard positioning is also im- Sample positioning. Positioning
portant. Well-prepared XRF standardsamples properly in the x-ray cham-
have their centers marked with éer is fundamental to measurement
circle. The standard should be posiaccuracy. The first thing that must be
tioned manually, or with a motorizedensured is proper collimator/optics
stage driven by a joystick or point-alignment. If the optics are out of
and-shoot mouse, so that the reticlalignment, the actual measurement
on the TV camera viewing window isarea may be quite different from what
centered within the circle. This en-is indicated by the reticle.
sures that the surrounding support With the collimator/optics in align-
material does not cause any “shadment, care must be taken to position
owing” and that the intended measamples properly. First, the proper
suring area of the standard is used.beam size should be used. Under no
The collimator-to-work distance oncircumstances should the beam be
all XRF systems is adjusted for eacharger than the width of the part. If a
sample by visually focusing or usingcylindrical part is to be measured,
an auto-focusing laser on the meathe beam size should be no larger
suring area. than one-third the diameter of the
After calibrating, a reading shouldpart.
be taken on one or more of the stan- When measuring concave surfaces
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or parts with raised edges, it is criti-ment, however, is highly dependent
cal that the part be positioned accuupon the precision or repeatability of
rately to avoid detector shadowingthe measurements. Precision de-
This occurs when the part blocks itscribes how well a series of measure-
own x-ray emissions. Samples shouldthents taken on the same area of a
be rotated so that there is an unolbsample (without moving the sample)
structed path to the detector or, in thgives the same or nearly the same
case of some samples, destroyed t®eading. Perfect precision is impos-
provide proper access to the measible; we can get close.
surement surface. Also, systems can Measurement precision isindicated
be equipped for measuring thicknesby the “predicted” percentage uncer-
in recessed cavities. tainty of the readings and upon
The most important thing to re-countrate. Percentage uncertainty
member is to orient long and narrowepresents Zs expressed as a per-
parts perpendicular to the long axisentage of the measurement value.
of the detector, in other words, withFor example, if a 50 microinch read-
their opposite ends facing the detecing has 3 pct uncertainty, this means
tor and chamber door. Parts musthat the uncertainty was plus or mi-
also be positioned so that the areaus 3 pct of 50 or plus or minus 1.5
under the x-ray beam is flat or “nor-microinches. Therefore, we can say
mal” to the beam. If a complex-shapedvith 95 pct confidence that the ac-
part does not lay flat on the stage, itual value is between 48.5 and 51.5
should be propped up using a stagmicroinches. Obviously, the lower
fixture, or even clay, so that the meathe percentage uncertainty, the more
suring surface becomes perpendicuyprecise or repeatable the measure-
lar to the x-ray beam. Positioningments. If we take only a single read-
errors or detector shadowing can reing on each part, it is easy to see why
sult in measurement errors. it is important to keep precision as
Measurement accuracy, preci- high as possible, or the pct uncer-
sion and reproducibility. The accu- tainty low.
racy of an XRF measurement refers Precision is related to the square-
to how close the measurement valueoot of the counts obtained in the
conforms to the actual value. MeaROI during the measurement cycle.
surement accuracy is mainly a functor example, if there were 100 counts,
tion of the calibration accuracy, whichthe countrate standard deviation
is a function of the accuracy of thewould be the sqg root of 100/100 = 10/
algorithm used in the instrument’s100 =10 pct. However, if more counts
software, as well as equipment conwere collected, say 10,000, the re-
dition, the measuring time used insulting standard deviation would be
calibrating, and the accuracy andqrootof10,000/10,000=100/10,000
condition of the standards. = 1 pct, a significant improvement.
The accuracy of a single measureFor thickness and composition mea-
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surements, the use of the more effi More Information?
cient Mo-target Be-window tube pro- .

vides much higher countrates andTo0 obtain more information on products
better precision. or processes mentioned in this article,

Precision can be maximized bycircle corresponding numbers on the
. : . Reader Service Card.
using the largest beam size appropri-

ate for the sample to be measured angray fluorescence thickness

using the longest possible time. Re-Measuring instruments...... Circle 275
member, by increasing the measur-To request an additional copy of this
ing time by a factor of n, the pct article, write on company letterhead to
uncertainty decreases by 1/sq root o gggré'?éighcé?k:Ré).Echnganc)Nﬂglz'ﬁ
n. By quadrupling the measurement d d ;
time, say from four to 16 sec, the pct

uncertainty of the measurements wil- SPECTRAL analysis screen
be cut in half! k PRINCIPLES of x-ray fluorescence

. measurements
The XRF instrument user shoulds, XRF flvorescence thickness and composition

be knowledgeable in the basic commeasuring system
ponents of an XRF measurement in-

iditerally, “braking radiation” resulting from the
strument so that the advantages anogeiceleration of the electrons bombarding the target

limitations of the various systemsiy the x-ray tube.
available can be understood ané This is accomplished by converting the analog

: : voltage representing the pulse height to a digital
equment selected approprlately. value, for current XRF systems, on a scale of O to

An understanding of applications,1023. This value becomes an address to a channel

i i iti i whose content or “count” is incremented. Each
InCIUdmg proper Sample pOSItlomng’ch.smnel represents a different x-ray energy and the

collimator selectlon,_ é_md MeasUr€zount in each channel represents the x-ray intensity
ment accuracy, precision and reproat that energy. The result is an x-ray spectrum.

ducibility can help the user SONeftheeneArgyAatwhichaphotonwillcgusechalracter-
istic emissions in a given material at highest

application problems and eliminategsiciency.
many sources of error. 4 Each calibration mode represents a specific tech-

ique or mathematical algorithm for effectively ana-
InStru_mentS should be Sel_e(:,teq Oﬁlzing sample spectra and obtaining thickness and/
the basis of performance, miniMIZa-or composition of the layer or layers involved.
tion of operator errors, and availabil- Infinitely-thick refers to that thickness at which any

ity of accurate measurement algor_:tgrsr;tfsr-increase in thickness produces no increase in

rithms and good thickness standards.The gain and offset of the spectroscopy amplifier

i i _ are controlled by software and adjusted until nickel
By foIIowmg proper operatmg pro and tin appear in the correct channels.

cedures and precautlons, XRF Meagpe sigma §) represents the area under the nor-
surement instruments can be used aw distribution within which approximately 68 pct

an effective tool for the qualit COI’]-Of the readings occur and, therefore, gives a 68 pct
a y yconfidence level”. Two sigma () represents 95

trol and/or process control of platedsct of the readings and, therefore, gives a 95 pct
materials. PF confidence level which is more meaningful.
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