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The requirement for non-destructive material screening

The Restriction of Hazardous Substances (RoHS) reguatif the European Union, and
similar regulations being enacted around the world, rethareirtual elimination of lead
(Pb), mercury (Hg), cadmium (Cd), hexavalent chrom{@n®), polybrominated biphenyls
(PBB) or polybrominated diphenyl ethers (PBDE) from etadt products. Allowable
concentration levels in any homogeneous material s@aavithin a product are extremely
low: 0.01% for Cd and 0.1% for other substances by weidt&.nost significant issue
affecting the practical validation of ROHS compliamntéhe day-to-day assembly
environment is ensuring that no restricted substances,i@ptn-lead (SnPb) materials,
have inadvertently entered into the production stredns. i§ particularly important because
many suppliers are still shipping both compliant and nonptant materials and most
assembly facilities are producing both SnPb and leadsfr@@ucts, thus having both sets of
materials in the same facility.

The foundation of an in-house screening program is théatan of all incoming materials.
This captures any supplier or shipping errors and establish@scthracy of the in-house
inventory system. It may be desirable to perform additiohecks after materials have been
installed on assembly machines to catch logistical ®mointernal handling. Screening of
completed assemblies between compliant and totallyp &nks is possible by inspecting any
typical solder joint. In cases where there is forekedge of the possibility of non-
compliance of specific components or materials, theight also be inspected. However, it is
impractical to inspect each individual subcomponentfinad assembly for compliance,
which emphasizes the advantages of incoming componenatiaid

Speed and accuracy are vital for any test utilized fostheening process. Screening tests
should be easy to set up and perform and should provide esmpiltis; ideally within a few
minutes, to minimize cost and loss of productivity. For micwy inspection, and to a lesser
degree in-process confirmations, it is highly desirableetdorm validation sampling without
removing components from their packaging.

X-ray fluorescence spectrometry

XRF analysis has been a well established, non-destruiadgtical technique for elemental
analysis for over 50 years. It is used in applicatiorssmamber of other industries and is now
becoming a potentially vital part of the electronic asdgipincess.

The x-ray fluorescence process is initiated with ejaatiban inner shell electron by an
external force/energy that creates an electronngaca his vacancy is filled by transition of
an outer shell electron of the atom. The differenadé binding energies of the two electrons
results in creation afharacteristic x-rays that are known as x-ray fluorescence.
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Figure 1: XRF process

It is the absorbed radiation energy of the sourcdéyatom that causes its rise toeacited

state. The ejection of electrons and subsequentatkastic x-ray photons allows the atom to
discharge the absorbed enerfjyoresce, and return to its ground/normal state. Because each
atom has a unique energy pattern, with its electronspalistinct quantum numbers,

resulting characteristic x-ray$dble 1) are also unique with specific frequency and act as
fingerprints of elements in XRF analysis.



Characteristic X-Ray Energies (keV)

TElement| Was: | RAlphs | KBelal | Wbetaz |LAlphat | LAlphae | LBets] | LBets? |LGammas
Ee 4 011
sie 24 5 41 5 .41 595 os7 .57 0D.58
M 25 | 580 | 589 | 6549 054 D64 | 065
Fe 26 | 540 | 839 | 708 | 071 071 D72
Ca 27 E.93 5.892 78BS 078 o.ra 0.78
Ll 28 748 746 826 0B85 0.85 o.ar
Cu 29 | 805 | 803 | 591 033 093 | 035
In 20 864 BE2 857 101 1.01 1.03
AE 33 10.54 10.51 11.73 1.28 128 1.32
Se 34 | 1122 | 1148 | 12.50 | 1.38 158 | 1.42
B 35 11482 11.868 13.29 148 1 48 1.53
Ir 40 | 1578 | 1569 | 1767 | 204 204 | 292 | 222 | 230
Mo 42 11749 | 4737 11961 [ 229 | 220 | 240 | 222 | 282
A 47 2218 21889 24 94 288 2498 315 3 35 352
g 48 2317 2238 26 1.0 3.13 i1 3.3 4. .53 < i
n 49 | 2421 | 2400 (2728 [ 329 | 328 | 3549 | 371 3.92
Sn 50 | 2527 [ 2504 [ 2849 | 344 344 | 366 | 390 | 443
s 51 26 36 2511 28.73 J 60 3.60 3.84 4.14d &35
Te 52 | 2747 | 2720 | 3100 | 377 376 | 403 | 430 | a57
1 53 | 2861 | 2832 13220 [ 394 283 | 4322 | 451 480
B & 56 32198 31.82 d6.38 447 445 483 5186 553
Ta 73 | 5753 [ 5628 | 6522 | 635 gog | 934 | 965 | 10490
W 74 15932 | 5798 16724 | 840 | 834 | 967 | aas | 1129
Pt 7H BB 83 B5.11 7575 944 9.36 1107 11.25 1294
Al 78 68 .40 B6.99 77.898 5.71 963 11.44 11.58 13.38
Ha 80 | 7082 | 6590 | 8025 | 9.99 9.90 | 11.82 | 41,82 | 13.83
FbB 832 74 87 310 84 .94 10.55 10.45 1251 1262 14.78
Bl 83 | 7741 | 7481 | B87.34 | 10.84 | 16.73 | 13.02 | 1298 | 1525

Table 1: Photon energies of principle x-ray spectraklmfeselected elements

The basic blocks of an energy-dispersive x-ray fluoress€EDXRF) system are source,
collimator, detector, electronics, CPU and display meisima The combination of these
blocks, which require sophisticated design consideratposjdes the resulting data for
analyses of a specimen.

For RoHS applications, EDXRF analyzers are generaélg uather than wavelength-
dispersive systems that utilize crystals for sepamadf spectral lines. In EDXRF, the detector
receives the undispersed beam that includes all the thaaescence of the specimen
elements and scatter radiations.
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Figure 2: XRF system diagram

The resulting data from an XRF analyzer are a sefi@entified energy lines associated with
elemental composition of the specimen, the basigi@ftative analysis, with corresponding
relative intensities as a function of their concatibns, which is the basis qfiantitative
analysis. A sample composed of several elements yields mulijpdetral lines that can
overlap each other and cause interference in both queditend quantitative examination.
The spectral line data along with their correspondingngities are then compared to the
calibration parameters previously stored in XRF CPU for quantificadiot eventual output

to display.

The proper application of XRF in the PCB assembly process

The most fundamental function of an XRF analyzehexscreening process is its ability to
clearly identify the presence of a desired element,ehosnating the possibility of a false
negative. This is a function of an XRF’s source beitigee an x-ray tube or a radioisotope.
The source must produce x-ray or gamma-ray photonswgtter energy than the binding
energy of the electrons in the desired atom to caum@cteristic x-ray fluorescence.

The XRF analyzers that are being used for RoOHS applicednge from portable and
benchtop to large-scale laboratory systems. Theses¥YREms have unigue capabilities for
their intended functions but limitations for broad appiaad. Thus, only a few of the systems
offered to the PCB assembly industry are ideal and o#lrerkinctionally limited for the task
at hand.

Even in their incoming, un-assembled state, most comp®nélized in electronic assembly
do not consist of single, homogeneous materials. The Rid&ive requires that all
‘homogeneous materials’ contained within an electronidgebbe compliant (i.e., lead free).
This has been further defined to include the plating orpooent leads and PCB pads. XRF
technique has been proven to be very effective in iyangirestricted substances, especially



Pb, Hg and Cd, in many types of components becauseatiility to identify the spectral
energy patterns of these elements within a varietyaifices used in electronics.

This technique can be greatly expanded and simplified byindgjllzigher (source) energy
levels that induce fluoresce of the K-shell x-rayshef elements, in particular lead and
mercury atoms. The lower energy, L-shell, x-ray gieer for Pb and Hg lie between 9.9 and
14.8 KeV. Many other elements commonly present in electroaterials such as arsenic
(As), selenium (Se), bromine (Br), germanium (Ge) and &n) produce characteristic x-ray
spectral lines (peaks) in the same range. In conkastell energies for Pb and Hg are much
higher, 68.9 to 85 KeV, and suffer no interference froneeifts, Se or Br.

Figure 3 shows the comparison of XRF spectra for a diode insdegith a 40 KeV (top) and
a 122 KeV (bottom) XRF source. The analysis of the 40 Kp&ttra identified large
concentrations of Br but no Pb (L-shell) at energglle 10 to 14 KeV. Using the higher
energy source, the resulting spectrum displays theel4gsbaks between 70 and 75 KeV with
no obstructions. Clearly, this higher energy (K-shsgdgctrum makes it much easier to
identify Pb in the presence of Br, leading to a muchemnobust validation process.

While it is possible to filter the lower energy speatrmore carefully to separate the L-shell
peak for Pb, there is a certain degree of impracticastthis would require careful calibration
and an accurate knowledge of the concentrations of #leanterfering or masking elements,
thus adding a great deal of complexity and time to the pso&ecause of these effects, the
lower energy spectra (L-shell) are much less flexiblenspecting a wide range of
component types whersasking elements such as Br and Sb may exist in varying
combinations and concentrations. In all cases, keessary to identify all the materials
(matrix) within the sample area/volume to ensure acelwggparation of the (possible) spectral
peaks associated with each element. K-shell methodalogymplishes this accurately and
efficiently.
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Figure 3: Spectral energy comparison



It is important to note that regardless of the energy p4RF is a comparative technique and
it requires representative calibration standards. Alshould be understood that XRF’s
measured intensity of spectral lines, quantificatiom, isnction of number of atoms present
in an absolute term per unit area measured. Accordinglghtveercent calculations are
relative terms and a function of the number of atorasgmt and the weight of the specimen.

Conclusion

The need for screening incoming materials and monitoringghembly process against
intrusion of non-RoHS (EU, China, Korea, California arthers, no doubt, to come) directive
compliant materials is essential and it must be doa@ efficient, non-destructive, yet
accurate way. XRF is a powerful tool that can be véiecgve in the validation of both the
absence and presence of certain RoHS-restricted ekeg@ntBr, Pb, Hg and Cd). XRF
presents an elemental analysis, and while it can nattitatavely measure compounds and,
therefore, does not provide actual chemical compositi@qualitative data provided by
XRF are a pre-requisite for such measurements. In anaRkcation, the presence of a
spectral line of an element is essential for its ga¢en; qualitative analysis. Therefore, the
XRF source must have enough energy to remove eleaifdhe desired atom for production
of characteristic x-ray spectral lines. An isotope-dasRF for inducing higher energy, K-
shell, x-rays is a more effective method for this egapion. K-shell x-rays having higher
energies than L-shell are less likely to be absorbatidogpecimen’s matrix, reducing false
negative possibilities. Hence, the most appropriatesyfor the PCB assembler is a K-shell
system if accurate, fast and reliable material eleatembnitoring is desired



