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About This Guide

1. Infroduction
The purpose of this yuide is to fumiliarize the prospective buyer and/or current

2. X_qu Fluorescence user with the fundmentals of energy dispersive X-ray spectrometry, commonly
referred to us X-Ruy Fluorescence (XRF).

3. XRF Andlysis System
XRF unalysis is u powerful quuntitutive und gudlitutive tool idedlly suited to the

4. X-Ruy Generution analysis of film thickness und composition, determination of elemental
conhcentration by weight of solids and solutions, und identification of specific and

5. X-Ruy Collimution

frace elements in complex sumple Mutrices.

6. X-Ruy Detection

XRF unalysis is used extensively in ulmost dll industries, including semiconductors,

7. Pulse Processing photovoltdics und renewdble eneryy, power storage, telecommunicuations aund
microelectronics, metdl finishing und refining, food, phaurmuceuticuls, cosmetics,

8. Spectrum Processiny ugriculture, plustics, rubbers, textiles, fuels, chemiculs, und environmentul
analysis.

9. Quuntitutive Andlysis

The wide deployment of XRF undalysis tools in industry is the result of XRF's ubility to
d
10. SySTem Performunce perform hon-contact, hon-destructive tests with speed and precision, combined
q with low cost of ownership.
11. X-Ray Beum Turygeting P
12. Software & Interface This guide is designed to be brief. Euch section exumines one uspect of the
overdll upplication of XRF for the analysis of mutter. Emphusis is given to the
13. Glossary meusurement of film thickness und the yuuntitutive determinution of element

concentrutions in solids, und film thickness/composition of deposited film dlloys.
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When u muteridl is exposed to u source of X-rays, two primary intferactions between the X-rays und the atoms composing
that material fake place: (1) X-ray scattering and (2) the photoelectric effect.

Of the two primuary inteructions, the photoelectric effect is the most interesting from the point of view of providiny
informution ubout the exposed muteridl. The photoelectric effect in this cuse results in U process known us X-ray
fluorescence. By definition, fluorescence is u process whereby a material ubsorbs energy und dlmost instantaneously
releuses eneryy in u characteristic form.,

On a microscopic level, ull utoms cun be represented by d positively charged nucleus surrounded by a "cloud” of hegdtively
charged electrons (figure 2). Electrons occupy specific enerygy levels (orbitdls) in u configuration uround the hucleus which
is uniyue for euch element in the periodic tuble.

The electrostutic uttraction between euch electron und the positively charged nucleus muintuins the electron's position
within the atom reldtive to the hucleus. The potentiul energy for euch electron depends on its orbital position. Only specific,
discrete energy levels may be occupied by uny electron for a given element.

When exposed to X-rays with sufficient enerygy, u finite probubility exists that an inner orbital (usudlly first und sometimes
second or even third “shell”) electron will absorb that energy. With this udded energy, the bond between the electron and
the hucleus is broken und the electron leaves the utom.

After un inner orbitul electron is ejected from un utom, un electron from a higher orbitdl (with higher potentiul energy) will
drop down to fill the lower orbitul vacuncy. The resultunt chunge in potential eneryy is expressed by the releuse of un X-ray
photon. These photons ure detected by the XRF instrument.,

The potentiul energy between two given orbituls of u specific element is exact and is always the sume. Likewise, the X-ray
photons emitted when an electron transitions from one orbital fo another always have the saume energy (that is, the same
frequency und wavelength). The potentiul eneryy difference between two given orbitdls of any element is unique to euch
element in the periodic tuble. For this reason, X-rays emitted by the photoelectric effect ure culled characteristic X-rays.

Typicully, with respect to X-ray fluorescence, there are from two to several (more thun 10) orbitdl fransitions possible within
u ygiven utom, depending on its utomic humber und resultunt electronic configuration. Therefore, each element will emit
U uhiyue series of specific X-ray eneryies (line spectrum). By determining the eneryies of the photons detected from dun
unknown muteridl, it is possible to determine the identity of the elements composing that material,

When u sumple is exposed to un X-ruy source with a known, constunt intensity, it will fluoresce characteristic X-rays at u
rate (intensity) proportiondl to the concentration of the element(s) present in the sumple. It is therefore possible to
yuuntitatively meusure the thickness us well us the elemental composition of the saumple.

Figure 2: X-Ray Fluorescence
a. An incoming X-ray photon strikes an electron orbiting the atomic
nucleus.

b. The electron breaks free of its orbit and leaves atom.

c. An electron from a higher energy orbital replaces the freed electron
(electron cascading).

d. As it drops to the lower orbital, the electron releases energy
- (fluoresces), in the form of an X-ray photon, the energy of which is equal
' , €35 Nucteus orbitals.

to the potential energy difference between the higher and lower energy
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The bausic design of uny XRF thickness und composition metroloyy tool incorporates five features:

e A source of high intensity X-rays.

o A collimution uppurdatus to define the X-ray beum size.

o X-ray beum turgeting und sumple positioning mechunisms.

e X-ruy detection, processing, und unulyzing electronics.

o Algorithmic tools for determining the thickness and/or composition of the sumple.
How It Works

Whenh uh element is exposed to u source of high intensity X-rays, it will emit X-rays (fluoresce) ut eneryy levels unique to
that element.

The XRF tool uses u high intensity X-ray tube to generute X-rays. These primary beum X-rays are directed through u
collimator and emerge in u tightly focused resultunt beum with u specific cross-sectionul geometry. The resultunt beam
impinges the sumple mauteriul und induces fluorescence from the elements present. A detector senses X-ray emissions from
the saumple and converts them into G series of undloy pulses. The umplitude of euch pulse is proportiondl to the eneryy of
euch incident X-ray.

An amplifier shapes the undloy pulses intfo workable electronic signals (0 - 5V). These signuls ure converted into digitul
vualues by un unuloy-to-digital converter (ADC). The digitized pulses are sorted according to enerygy level and stored in a
memory locution (chunnel) by u multi-chunnel unalyzer (MCA).

The number of pulses stored in euch channel ure counted to generate u frequency distribution (histogram), displaying
chunnel humbers dlony its X axis (corresponding to energy level), und counts (the humber of pulses detected at euch
eneryy level) dlony its Y uxis. This histogram is known us u spectrum or pulse height unalysis (PHA), und is the raw datu from
which thickness und composition determinutions are made. The XRF employs a combination of mathematical technigues
to further refine the raw spectral data into a pure spectrum. The pure spectrum is correlated with a cdlibration model to
produce u meusurement result.

Figure 1: XRF System Schematic
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The XRF tool induces fluorescence from a sample by
exposing it to a source of high intensity X-ray radiation.

A typicdl X-ray source consists of an evacuuted ygluss tube
contuining d filument cuthode (typically tungsten) and u
quuntity of turget unode muateridl. The tube is sedled in un
oil-filled metal (typicully bruss) enclosure that effectively
shields X-rays.

When d current is dpplied to the filument, it emits
heyutively churged electrons which dre dacceleruted
towurd the target materidul by u high voltuge potentidl.
These electrons interuct with the target material to

produce u broud spectrum of X-rays. These primary beam
X-rays exit through u “window” in the tube enclosure und

) ) o Figure 4: Filament/Target Interaction
are directed down the gyenerdation conduit into the

) ‘ _ Interaction between accelerated filament electrons and target material
collimation mechanics. atoms produces fluorescence by means of two processes:

a. Photoelectric Effect: Filament electrons transfer energy to target atom
electrons, causing ejection of those electrons from their orbitals and a
resultant photoelectric emission (fluorescence).

b. Bremstrahlung: Literally, “braking radiation” . Filament electrons are
attracted to the strong positive charge of the nuclei, causing
deceleration and release of energy.

| Primary Beam X-Rays

|

l.___________________________.'
Figure 3: X-Ray Generation 1
o Current applied to the filament liberates electrons into free space Intensity

within the tube.

e FElectrons are accelerated toward the target by an electric field
produced by a high voltage power supply.

o FElectrons interact with the target to produce primary beam X-rays
(see detail, figure 4).

e Diagram at right shows primary beam X-ray output from Energy (keV)
Molybdenum (Mo) target tube. The Mo target produces a Intonety,
polychromatic X-ray spectrum capable of exciting fluorescence
from a broad range of elements.

o A primary mechanical filter may be positioned between the
primary beam and the sample to selectively block some of the
primary beam X-rays, modifying the output of the source to
enhance the excitation of certain elements of interest.

Energy (keV)
| Composite Output
O Output due to Photoelectric Effect
| Output due to Bremstrahlung
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The consistent, controlled, and well-defined X-ray beam

geometry is criticul fo meusurement uccuracy. The process
of shupiny the primary beum geometry is culled
methods of

collimation. There dre two principdl

collimution, mechanicul und optical.
Mechanical Collimation

A mechunicdl collimator is essentivlly u pin-hole uperture.
A typical mechuanical collimator assembly consists of a
metal block feuturing collimutors of various dimensions
(figure 5). To form the collimuted beum, u single collimutor
is uligned directly benheduth the puth of the primary beum
X-rays. X-rays puss through the collimator and emerge in a
resultant beam whose initial dimensions are equal to the
dimensions of the collimutor und whose final dimensions
fan out tfo u lurger geometry. This resultunt beum is
targeted ut the sumple.

Optical Collimation

Opticdlly collimuted XRF fools employ un opticul element
to shupe und direct primury beum X-rays. Primary beum
X-rays incident upon the surfuce section of the opticul
element (figure 6) propugate through the system and
emerge in u convergent beum of extremely high intensity.

Advantages and Disadvantages

Mechunicul collimators form the incident beum by
blocking dll but a smull percentage of the primury beum
X-rays (those traveling in u puth coinciding with the
orientation of the collimutor tube). Mechunicul systems are
currently less expensive und provide more than sufficient
incident beum intensity for a wide range of andlytical tasks
where small beums (under 4 mils (100 microns)) ure hot
reyuired.

Opticully collimuted systems cupture and fransmit o
substuntidlly higher quuntity of the primary beum X-rays
produced (100 to 1000 times that of mechanically
collimuted systems). A higher intensity beum produces
sighificuntly higher X-ray countrates from the sumple, with
commensurute benefits to precision. XRF tools utilizing
optical collimators are referred to as Microbeum XRF
(MXRF) tools.

Primary Beam X-Rays

/ Shutter

Collimator
Block

Resultant
Beam

I <—— Sample
Figure 5: Mechanical Collimation

/— Shutter

Focusing
Element

<——— Resultant Beam
IS Sample

Figure 6: Optical Collimation
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Once u sumple hus been excited to fluorescence, u
detectoris used to collect und convert X-rays into electronic
signuls which cun be used to determine eneryy und
intensity (humber of X-rays) emitted from that sumple. This is
sometimes referred to us eneryy dispersive X-ray detection.
There ure two commonly used types of energy dispersive
detectors, the proportional counter und the semiconductor
detector.

Proportional Counter Detectors

The proportional counter is u seuled, gus filled hollow
cylinder with a central couxidl wire. An electric field is
estublished between the outside shell und the inher central
wire using an externdl high voltuge supply. X-rays enter
through a window (usudlly thin beryllium) in the detector
shell and ionize the yuses inside. Electrons are uttracted to
the positively charged wire, producing u charge at the
detector output. This churge is collected through u pre-
amplifier and converted into G voltage pulse, which is then
further amplified und shaped by aun amplifier. The resultant
pulse umplitude is directly reluted to the humber of ion puirs
creuted by the ionizing X-ruy photon, which in turn is directly
reluted to the eneryy of the incident photon.

Semiconductor Detectors

The two most common semiconductor detectors ure the
PIN Diode und Si(Li) types. Both detectors incorporate silicon
chips which respond to X-rays in the sume munner us the
gus in the proportionul counter.

The pin diode is muintuined under u reverse voltuyge bius,
leaving u centrdl p-n junction where detection of X-rays cun
occur. The Si(Li) semiconductor dlso provides d p-n junction
for X-ray detection, except that the thickness of its sensitive
region is increused through the use of u process knowh ds
"lithium driffing". Incident X-rays produce ionizations of Siin
the sensitive region of these detectors. The chuarge cuarriers

Figure 7: Proportional Counter Detector

A

High Voltage
Power Supply

X-Ray
Photon Pulse

Processing
Section

Figure 8: Semiconductor Detector

are heyutive electrons und positive “holes”, which ure
drawn to opposite ends of the detector due to the voltuye
bius upplied ucross the silicon chip. Like the proportiondl
counter, total charge collected within the semiconductor
detector is directly proportionul to the energyy of the
incident X-ray, und is converted to u corresponding voltuge
umplitude through the use of u preumplifier und amplifier.

To minimize electron/hole credtion due to thermul effects
(enhsuring that pulses ure produced in response to X-ray
ionizations only) semiconductor detectors often employ
cooling units fo Maintdin very low operating femperatures.
Typicul cooling schemes use liquid hitrogen or electric heut
exchunye.

Relative Advantages of Each Detector Type

Proportionul counters dre less expensive, reyuire no
muintenunce, und ure very robust detectors. Their lurge
volumes und window surface dreds provide a large solid
unyle for X- ray cupture. The result is higher cupture rutes,
providing higher intensity meusurements (resulfing in better
meusurement precision). The detector gus is more sensitive
to higher energy X-rays, muking proportionul counters more
efficient for detection of X-rays from high concentrations
andy/or thick layers of Sn, Pd, Ay, Cd, In and Rh.

Semiconductor detectors provide superior resolution.
Detector resolution is influenced by electronic noise und the
statistical variation inherent in the credtion of ion puirs.
Compured to proportional counters, semiconductor
detectors produce muny more puirs of churge curriers per
X-ray event (for X-ray energies which dre equul), reduciny
statistical variation. The result is an improved ubility to
distinguish X-ray energies which dare similar. Si(Li) detectors
offer better resolution thun the pin diode, und better
sensitivity for higher X-ray energies since the sensitive region

is thicker.
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in the
detector ure fed through u preumplifier und emerge from

Churyges produced in response to iohization
the detector output in a form similar to that shown in figure
Qu. A series of udditionul pulse processing operations are
performed to tfrunsform the initial preamp pulse info usuble
information dabout the X-ray ehergies und intensities
detected.

Pulse Processing

The preamplifier in the XRF ucts us un interfuce between the
detector und pulse processing circuits. It is u churge
sensitive device, converting churges collected by the
detector intfo u voltuye.

An uamplifier further ampilifies the preump output voltuyges
und yives them u pulse shape. It is dlso designed to
minimize noise from the preump. A typical output pulse from
the amplifier might look like that shown in figure 9b.

Amplifier pulses ure sent to u multi-chunnel unalyzer (MCA),
which converts the undloy pulses into digitdl signuls (figure
9c). Euch digitdl value is subseyuently sorted and stored in
u chunnel in the MCA. A chunnel is u memory locution
representing a smull range of energies. As euch pulse is
digitized, it is stored in u channel corresponding to its
amplitude (representing an X-ray energy level), and u
counter for thut chunnel is incremented by 1.

An XRF meusurement represents the detection of X-ray
events over some finite, preset time period. The end result
of u meusurement is u collection of stored diyitul signuls
sorfed by pulse height. These vudlues dare displayed
graphicully us u frequency distribution (histogram of enerygy
vs. intensity), referred to as the spectrum (figure 9d).

At dll stages in the pulse processing chain, proportionulity
between the detected X-ray eneryy, the undloy pulse

Figure 9: Processing the Detector Output
v v
t t
a. Detector/Preamp b. Amplifier
Output

umplitude, the digitul sighul value, und the corresponding
channel number is strictly muaintuined.

The processing of individual X-ray events occurring ut widely
spuced time intervdls is a relutively struightforwurd matter.
However, redl world X-ray events occur ut randomly spuced
intervadls. Since u finite period of time is required to detect u
poulse und process its signul, some errors in pulse processing
may occur, depending on the intervul between pulses. For
exumple, while the electronic signal resulting from one X-ray
detection is being processed, danother signal may be
creuted by u hew X-ruy event before the first sighal has
been completely evaluated. Such errors cun become more
pronounced us X-ray intensity (the rate at which X-ray
photons enter the detector) increuses. To compensute for
these fuctors, corrections ure designed intfo the pulse
processing sections of the XRF tool. These include deud time
correction, pulse pile up rejection, und buseline restoration
(see ylossary).

The Spectrum

The digitized pulses, or counts, yenerated by an X-ray
emission from d given element (whose characteristic
eneryies ure exuct) will be observed us u peuk within u
distribution of counts surrounding the channel contuining
the highest humber of counts (pedk channel). This is
becuuse:

e Stutistical variations occur in the humber of ionizations
produced in the detector by X-ray photons of the same
eneryy (see figure 10).

e The resulting unaloy sighdl is superimposed over d
randomly varying level of electronic hoise, or buckyground
(see figure 13).

Multi-Channel Analyzer

channel

c¢. Analog-to-Digital
Converter

d. Spectrum




Quuilitutively, the width of this distribution describes the
combined resolution of the detector und pulse processing
electronics.

From the resultant spectrum (figure 11), X-ray eneryy level,
and therefore elemental, identification is accomplished by
determining the channel numbers of the observed spectrdl
pedak(s). Quuntitutive information (thickness/composition)
dubout the element(s) of interest muy be derived by
determinution of the peuk height(s) or integrution of the
spectral peuk to determine overdll peuk darea, which
represents the number of X-rays detected for u yiven

eneryy.
Figure 10: Distribution of X-ray counts

Counts
a. ldeal spectrum from
monochromatic source
Channel
Counts

b. Actual spectrum from
same monochromatic source
using proportional counter

Channel

In figure 11 spectrul peuks ure produced by high X-ray
counts ut specific eneryies. In the pulse height histogram
(spectrum), X-ray counts are displuyed on the vertical (Y)
uxis. Enerygy level runges (chunnels) ure displayed dlony the
horizontul (X) uxis.

Semiconductor detectors ure cupuble of generudlly superior
eneryy level resolution compared to proportional counter
detectors. As u result, the peuks exhibited by semiconductor
detector spectru (top) will comprise a harrower band of
chunnels thun those obtuined using u proportionul counter
(boftom) when meusuring the saume materidl(s).

Film Stack Sample Spectrum, Panel 3786
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Spectrul peuks produced us the result of excitution of
various elements in the saumple may be gquantified. The most
common upprouch to yuuntifying spectral dutu is to
integrate u peuk over u given runge of channels, or Reygion
of Interest (ROI). Typicdlly, the lower and upper limits of the
ROI define u bund of chunnels where pulses collected
(counts) are significuntly higher than in the chunnels
surrounding the peuk; such buckground chunnels dare
churucterized by low count levels cuused by X-ray
scutftering from the sumple und artifucts of the pulse
processing electronics.

While auccurate quuntitative determinations can often be
mude by simply integrating over the ROl limits, it is
sometimes necessury to further process the spectrum. A
combinution of mechunicul und mathemutical methods
dre used 1o refine spectral duty, including:

Peak Deconvolution (Numerical Filtering): Peuk overlup is
observed when the charaucteristic X-rays detected from two
or more elements dre close in eneryy. The deyree of
overlup depends on the similarity of the energies und on the
resolution of the detector used. Peuk deconvolution is
employed to muthemuticully decompose two or more
peuks which overlup und superimpose to produce u single,
wider composite pedk (figure 12). A vuriety of technhigues
dure avdiluble for peuk deconvolution, with advuntuges und
limi- tfutions inherent in eauch method depending on the
dpplicution beiny unalyzed.

Measured peak of two elements

Single element peaks decomposed
from measured peak

Counts

Channel
Figure 12: Peak Deconvolution
ROIs (a) and (b) are integrated to solve the deconvolution functions
once pure element reference spectra are measured and stored.

Background Correction: Spectrdl
superimposed over a background level of counts (figure 13).
These reudinygs originate from X-ray scuttering, electronic

peuks are initiaglly

noise, und errors in pulse processing. Various muthematicul

Counts
Counts

Channel Channel

Figure 13: Background Removal.
(L) Spectrum with background; (R) Spectrum with background
removed

methods dre employed to charucterize the buckyground
und subfract it from the pure spectrum.

Mechanical Filters: Mechanicuil filters are thin foils which are
placed between the sumple und the detector (or in the
cuse of primary filters, between the primary beum X-rays
and the sumple). The X-ray dbsorption characteristics of the
filter are unigue to the foil muteriul used. The filter will dbsorb
or block some X-ray eneryies while ullowing other eneryies
to puss through. By selecting an appropriate filter material
for a given application, peuk overlup cun be substauntidlly
eliminated.

Additiondal spectrum
processing Mmethods

Co Foil
Absorption Edge
7.7 keV

correct for artifacts in
the spectrum resulting
from specific,
churucterized errors in
the pulse processing
electronics. These
include peuk shift
correction, escupe
peuk and
sum peuk removual,

well

removul,

Figure 14: Mechanical Filtering

After spectrum processing methods dre applied u nhet
spectrum remuains. By estublishing an ROI within the net
spectrum, net counts muy be determined. For many
upplicutions, yuuntitative unalysis muy be enhanced by, or
muy require, the use of some or dll of these spectrum
processing techniyues in order to perform uccurute
thickness/concentration culculations.
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To convert processed spectrul dutu into yuuntitutive
determinutions requires muthematicul models that relute
ample X-ray countrates to thickness und composition. These
models dare culled cudlibrations. Ah XRF tool cun be
culibrated using u variety of empirical und fuhdamental
purameters technigues.

Empirical Calibration

By meusuring the X-ray count rates from o couting/buse
combinution of known thickness dund/or composition
(stundurd), we obtuin the reference datu needed fo
culculate the thickness und/or composition of unkhown
yuuntities of the sume codting und buse combinutions. In
practice, u series of stundurds with different values are
medusured to obtuin the hecessary reference countrates.
Statistical methods dre used to correlate the stundard
vdlues to the meusured XRF count rutes.

Accurute cdlibration of the XRF tool is dependent on the
avdilability of high-qudlity standurds for the specific
upplicution under unalysis.

Fundamental Parameters Calibration

The mujor pructicul drawbucks to empiricul culibration
methods are:

e The time reyuired to Mmeusure u series of culibrution
standards.

o The difficulty of fubricuting stundard sets for intricute
applications.

Thickness

200
min

1000 cps Countrate

Figure 15: Calibration Curve

AU 40 F igure 16:
MICROINCHES Typical Calibration Standard

Ni 220

Exploded view shows Gold (Au)
and Nickel (Ni) foil interlayers on
Copper (Cu) base layer.

Au MICRONS 1.02

Ni 5.59

Highly dccurate mathematical fechhiques based on
physicul properties have been developed for u wide runge
of upplicutions, enubling the XRF tool to be culibrated
without (or with a reduced number of) stundards.

In a fundumental parameters (FP) cdalibration, an extensive
range of instrument parameters are first quuntified. This
information is incorporated into a mathematical model of
the fundumental physics of X-ray interaction with the
specific muteridls under unalysis.

The mathematical model is often enhanced through the
use of physical stundards (the Standard-FP method). The
improvement in test process throughput enubled by
reducing or eliminuting the need for physicul stundurds cun
be substuntial.

FP techniyues offer versutility and often enhunced
cupubility. For certuin applicutions, however, empirical
culibration offers u more uccurute, simple, flexible, und
reliuble solution. An XRF tool should offer both cdlibration
strateyies.

EDAX



10

System Performaunce

Accurucy, repeutubility, and reproducibility are crucidl
considerations when evaluating XRF tool performance.
While related, it is useful to understaund the distinctions
between these terms.

Accuracy

Accurucy is un expression of the devidtion of the mean
meusured vdlue from the true value of the sumple.

Assume, for exumple, that you have u sumple with
couting thickness of 100 microinches. If, ufter a statisticully
significant set of meusurements, you obtuined g meun
meusurement value of 99 microinches, you could say that
the system is uccurate within one percent.

Meusurement dccuracy is  primarily o function of
culibration uccuraucy, which is in turn dependent upon the
accuracy of the cdlibration algorithm, the gudlity of the

Repeatability

The dccurucy of dny single meusurement is highly
dependent upon the precision, or repeutability, of the
medusurements. Repeutability is an indication of how well
series of meusurements tuken on the exact sume spot of u
sumple yield the sume or nearly the same readings.
Repeutability is commonly expressed in ferms of relative
standard devidation (RSD) from a meun value.

Repeutubility is highly dependent upon the totaul number of
X-rays counted during meusurement. X-ray counting is
mauximized by generating un incident beum of the highest
intensity, usiny the lurgest beum size appropriute to the
sumple geometry, und by using the lonyest possible
meusurement durution.

Reproducibility

stfundurds used to cudlibrate, and the cudlibration Reproducibility refers to un instrument’s dbility to obtuin
Mmedusurement time. consistent meusurement results when meusuring the same
sumple dt different times, with different operators, aund
possibly with different instruments of the sume type.
Measurement System Gauge Capability
R&R Study Worksheet
PartfAsm Name Disc Gauge Name Part No. Side B
Parameter Thickness Gauge No. Measurement Unit  |ul
Tolerance (Spread) [50.00 Gauge Type HAF Zero Equals 0 F igure 14: Gauge R&R
Measurement Time | 16 sec. Beam Size 0 Mils
Operator Frank Joe Doug e ol 7
Sample #] TstTrial | 2ndTrial | 3rdTral | Fange | TstTnal | 2ndTrisl | idTal | Fange | istTral The repeatability and reproducibility of
1 534781 534537 56546 1.95960 534340 536.126 535506 1.28580 535141 535655 534748 090750 .
2 537.106 537266 634930 233850 533176 533664 636649 451090 536239 53453 53as1| 1ms20 | any tool is commonly analyzed by the use
3 533467 537690  537.732| 0.77680 537.782 535703  537.823 211380 536487 536536 537.041| 055420
4 536503 535545 534785 172470 534531 535117 533988 1.148360 sim4s3  sa087 63133 12960 | Of a Gauge R&R.
5 536,164 536730 535.334| 054540 537.700 536755 536906 0.94480 539078 538266 537.549| 152890
6 535767 536503  536.664| 089700 636492 536649 535420 1.169%0 537.899 537552 536692 120860
7 536465 536980 536963 051460 536875 537277 63s.ze3| 1.40810 537569 537634 538628 1.05890
F 536763 535342  535230| 152340 635502  537.864 536534 236260 si7704  sse4ss  saers| 12210 | 11 the example at the left, three operators
3 536725 538482 637496 175730 537044 536956 537628 539064 536791 I
10 537472 533477 539.391| 150540 533,186 533424 538467 535546 535149 perform three sets of ten measurements
536673 536.607 | 1.35407 | 536.802 1.32421 ;
Sl e Ty FYTrTeEE S each on samples using the same XRF tool.

Test for Control:

Overall sample measurement deviation

UCL-R = D4 "Rbar

where D4 = 227 for 2 trials or 268 for 3 trials. Enter the appropriate D4 value:

If any range value exceeds the UCL-R value, the measurement or reading should be reviewed or repeated.
corrected, or discarded as appropriate, and the new average and ranges should be computed.

Measurement em / Gauge Capability Anal is

L E—
D4-[Z58 |

must fall within specified tolerance

(%R &R) to meet acceptable performance
to be considered capable of controlling a
process.

Equipment Yariation [Repeatability] = K1 *Rbar
where K1 = 45€ for 2 trials or 2,05 for 3 trials. Enter the appropriate K1 value:
Dperator Yariation (Feproducibility] = K2 * Kbar_dif.

K1=[305

4.4692% [[Repeatability)
0.77112 | (Reproducibility)

%R &R = 100[(R&R) Tolerance)]

where K2 = 3.5 for 2 and 270 for 3 operators. Enter the appropriate K2 value: K2=[2.70
Total Repeatability and Reproducibility Yariation (RER) =
[ R&R = Square root of [ Repeatability® Repeatability) « [ Reproducibility* Reproducibilty )) 4.53527

Accaptability:
AnF&R of 104 or less is llent: 11-202 is ad 1-30% is jinall t2bl

and more than 302 is unacceptable.

EDAX.
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Precise und consistent X-ray beum to sumple orientution is
and
reproducible XRF meusurements. As sumple structures

essentiul  to  ehsuring udccurute, repeutuble,
become smudller, udvanced optics und high-precision stuye
mechanisms for X-ray targeting dare required to maintain

overdll XRF meusurement performance.
Optics

A video imuye of the sumple ureu is supplied by u video
cumeru in the X-ray chamber und is displayed onh the
computer monitor (figure 18). Zoom optics ure employed to
adjust the field of view and magnification of saumple surface
detuil. This vids in locution und fine positioning of sumple
structures.

A computer-generuted, uuto-sculing reticle indicutes the
position und geometry of the X-ray beum ut the sumple. The
operutor udjusts the sumple position to coincide with the
X-ray beum spot using un input device such us u frackbull
or joystick, or by clicking directly on the video image with
the mouse cursor. The system optics are cdlibrated so that
when the sumple in the viewing window is in fine focus, the
required source-to-sumple-to-detector distances are
reproduced. Since X-ruy intensities are u function of the
inverse squure luw, Maintuining these distunces is crucial o

obtdining reproducible medsurements.

Figure 18: Stage and Optics

Video camera
and zoom optics

==

Sample chamber view with
computer-generated reticle.

Advunced XRF systems utilize u directed luser beum to

ensure precise, operutor-independent focusing. By
eliminuting operutor-dependent focusing, focul length
vurigtion is minimized, vastly  improving  overdll

reproducibility.
Stage

When meusuring extremely small sample structures (in some
instunces so smull that the incident X-ray beum und the
dreu to be meusured dre close in size), u precision XYZ
positioning mechanism is critical. In high throughput
processes, inconsistent positioning will result in erroneous
individudl medsurements.

High precision, servo-driven or lineur-encoded stuge drivers
und the use of mechunicul und opticul positioning uids
ehhunce positioning reproducibility und overall XRF tool
throughput. When evaluating un XRF tool, the avdildability of
the followiny feutures should be considered:

o Custom sumple fixturing.

e Gruphic motorized ussisted sumple positioning (“Point
und Shoot”).

o Automuted XYZ stage control recipes.

e Muchine vision systems for locul und globul puttern

recoyhnition.

Focusing laser

Automated
XYZ servo or
linear encoded
— | sample
positioning
mechanism

EDAX



Softwure und inferfuce desigh directly impuct the return on
investment reulized from uny process metroloyy tool. The

XRF requires un interfuce that is eusy to use, imposes
minimal fraining reyuirements, and eliminates, as fully as
possible, errors reluted to operator judgement.

Solur XRF tools feuture u highly intuitive, graphicully-driven
operutor interfuce running under Microsoft Windows™ .
Using simple point-und-click mouse communds, operators
with little or ho previous experience in XRF metroloyy cun
be testing within minutes.

Stundurd softwure feutures include:

Automated Stage Controls: Stored sumple handling recipes
ensure repedutuble, reproducible X-ray beum targeting.
Optionul puttern recoyhition configuration enables instunt,
hands-free correction of sample positioning variations.

Figure 19: System Software

Statistical Tools: Including Meun, Stundurd Devidtion,
Percent Devidtion, Pp/Ppk, und Min/Mux, with Histogram,

Trendline, X-Bur, und R-Chart displuy.

Visual Analysis Tools: Including three dimensional surface
mapping/modeling; zoom optics und video imuyge cupture
enuble visudl inspection of fine sumple structures.

System Administration: Network computibility; built-in
security feutures for multi-user environments remote control
softwure avdiluble.

Ergonomic Design: Infeyruted design of GUI, chumber, und
input devices minimizes repetitive strain. Customizable
interfuce streamlines Medusurement tusks.

Data Export: Meusurement datu cun be exported und
modeled using such populdr programs such as Word, Excel,
and Lotus.

ira Analysis ase 1.1.1.0

Main Dz £ Calibration  Stage Au

mation

Data Display
Chamber Settings | Single Point | Quick xvZ | Full Stage Program |

Program File | |] 7 /2
Applicati \ni.(fr ]
DataFie || | s

[ R ]I ]

Program |

1

2 5.1134 1.9996 4.5797

3 3.2182 1.9996 4.5797

4 1.3231 1.9996 4.5797

5 1.3231 6.8916 4.5797

6 3.2182 6.8916 4.5797

I E

8

[ Continuous
Repeat

w0 oagn k&

o0 Soconcs |2

Qatrix ! Novell.tfr I Ready |

X:3.3845inY: 46142 in Z: 5.9569 in

[DPower @ HV On @ Shutter |  5/7/2015 4:27:03 PM
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Glossary

_

Accuracy: Refers to how closely u meusurement value
obtdined by un instrument conforms to the uctual value of the
sumple.

Application: A specific combinution of couting/buse muteriuls
(or muteridls in solution) upon which XRF meusurements ure
performed.

Background: Counts observed in the spectrum originating from
X-ray scuttering, electronic noise, und errors in pulse processing,
ruther than detected X-ray photons.

Baseline: Since churucteristic energy dauta is derived from pulse
height, u constunt zero counts reference must be muintuined.
The XRF sets the buseline ut the noise threshold level. Buseline
restoration circuitry in the pulse processing electronics is
designed to compensute for uny buseline shift that occurs.

Bremstrahlung: Literully, “braking radiution”. In XRF anulysis,
refers to the releuse of eneryy (in the form of X-ruy photons)
that occurs when electrons emitted by the X-ray tube filument
chunye velocity und trujectory us they upprouch the huclei of
target utoms,

Calibration: Dutu, obtuined by meusuring reference stundaurds
or employing fundumental parameters, used by the XRF to
creute muthemuticul models for determining the thickness
and/or composition of sumple muteridls.

Collimator: A smull uperture or opticul focusing element used
to shupe und direct X-ruys generated by the X-ray source.

Count Rate: The humber of fluoresced X-rays per unit time
counted from the sumple under meusurement.

Dead Time: Amount of fime reyuired by the XRF to detect u
fluoresced X-ruy und process the signul into u pulse. Duriny this
interval, other X-ray events cannot be detected or processed.

Detector: XRF component thut produces output charyges
(pulses) thut are proportional to the eneryy of X-ray photons
enteriny the detector.

Escape Peak: A fulse peuk in the spectrum produced by the
occusionul loss of some photon eneryy ubsorbed by the
detector due to fluorescence induced in the detector medium.

Filter: A mechunicul device (generdlly u foil) or muthemuaticul
techhiyue used to distinguish X-rays fluoresced by materiuls with
similar characteristic eneryy levels.

Fluorescence: The process by which incident electromugnetic
radiution induces utomic ionization. As u result of ionizution,
electrons from higher eneryy orbitdls drop (cuscude) to lower
eneryy orbituls. As u result of these trunsitions, churucteristic
eneryies ure releused by the utom in the form of X-ray photons.

Intensity: The number of X-ruys counted by the detector ut u
ygiven eneryy level or runge of eneryy levels.

Multi-Channel Analyzer: Sorts detector output pulses uccording
to eheryy level und counts the number of pulses uccumuluted
at euch level; from this information a spectrum (or pulse height
anulysis) is yeneruted.

Peak: Chunnel in the spectrum contdining the highest humber
of counts within a distribution of counts. The height und overull
dreu of peuks within u spectrum yield yuantitative information
ubout the element(s) present within u sumple muteriul.

Peak Shift: Change in the position of peduk(s) in the spectrum
resulting from large changes in photon flux. Peuk shift is an
inherent churacteristic of enerygy dispersive detectors.

Pulse: Anuloy output waveform produced by the XRF detector,
electronics, und umplifier. Euch pulse is proportiondl in
maugnitude to the eneryy of u detected X-ruy photon.

Pulse Pile Up: Occurs when two X-ruys enter the detector ut
neurly coincidentdl times. The pulse observed us u result will be
approximutely equul to the sum of the individudl pulses, und is
inferpreted us originuting from an X-ray with a much higher
eneryy than either of the two incident X-rays.

Repeatability: The ubility of an instrument to produce consistent
results when performing multiple meusurements on the sume
sumple ureu, Also referred to us precision.

Reproducibility: The ubility of un instrument to obtuin consistent
meusurement results when meusuring the sume sumple ut
different times und/or with different operators und/or using
different instruments of the sume type.

Spectrum: A frequency of occurrence histoyram displaying the
number of detected x-ruys (counts) dlony its Y (verticul)
axis, und their respective eneryy levels (in keV) dlony its X
(horizontul) uxis; used to Muke yuulitutive und yuuntitutive
determinutions ubout sumple muteridls.

Standard: A sumple material of known thickness und/or
composition used to cdlibrute the XRF unit for specific
upplicutions (see Culibration).

Sum Peak: Spectrdl urtifuct produced when two photons enter
the detector simultuneously. A single pulse with un amplitude
corresponding to the sum of the eneryies of the two photons is
produced.

X-Ray: Rudiution of extremely short wuvelenyth produced by
the bomburdment of u substunce by u streum of electrons
movinyg ut high velocity.

X-Ray Tube: An evucuuted enclosure contuining d filument
and u quuntity of turget material. When high voltuge is upplied
to the filument, electrons collide with the target muteridl,
induciny it to fluoresce X-ray photons.
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ORBIS PC

SMX-BEN Coating Thickness Analyzer for SMX-ILH Coating Thickness Analyzer for process Orbis Micro-XRF Elemental Analyzer
development and QC of process control control measurements at atmospheric pressure. for the laboratory environment.
applications.

For more information about our products, please contact
info.edax@ametek.com
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