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XRF No. 91 Fluorescence X-ray Analysis

Analysis of electroless nickel plating thickness and phosphorus composition

using the EA6000VX

The characteristics of electroless nickel (a nickel-phosphorous compound) platings strongly depend on the
phosphorous content. Therefore, it is essential to perform analyses of not only the coating thickness but
also the phosphorous content. A highly sensitive semiconductor detector is required to detect X-ray
fluorescence of phosphorous in air. The EA6000VX is equipped with the Vortex® detector, which supports
these demands and enables high-sensitivity fluorescence X-ray measurements by using a He purge. The
X-ray beam diameter is adjusted using 0.2x0.2 mm, 5.2x0.5 mm, 1.5%x1.5 mm, or 3.0x3.0 mm
collimators, which allows for selection of the optimal diameter for specimens of various dimensions.

Here we introduce an example of simultaneous analysis of the plating thickness of electroless nickel on
copper and the phosphorous content using the EA6000VX with two collimator sizes, 0.2 mm and 1.2 mm.
Measurement examples using the He purge, which improves the sensitivity to light elements such as
phosphorous, are also included.
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Table 1 EA6000VX measurement conditions Collimator: 0.2 x 0.2 mm

Instrument EAG000VX P Ka. Ni Ko,
Voltage 50 kv 2 | L g ﬁ T
Collimator 0.2x0.2mm, 1.2% 1.2 mm £ £ ’
Primary Filter OFF § 0 % “ CuKa
Time 100 s | | ! \1 X\.\
Method Thin Film FP Method 1 et D PNt ) WiN
BG Sub  |DPD (Peak Separation) for % order| Ene:r.gy MEnerg;/
A Lires: P Ka, Ni Ko, Cu Ko, Fe Kot P Ka spectrum Cu Ka and Ni Ka spectra
Atmosphere Air, He purge Figure 1 P Ko X-ray fluorescence spectrum (left), and Cu Ko and Ni

Ka spectra (right) of electroless nickel layer

Compared to air, the He purge improves the X-ray fluorescence
intensity of light element P. The X-ray fluorescence intensities of Cu
and Ni are nearly identical in air and He.

H Specimen and analysis content
Cu/Ni-P 11.29 um thickness (P 9.1 wt%)
(HHS manufactured standard material)

Specimen is a registered standard material

H Results of electroless nickel plating thickness and P composition analysis

20 replicate measurements were performed using both air and He purge atmospheres with two collimator sizes, 0.2 X 0.2 mm
and 1.2x 1.2 mm in air, and 0.2 X 0.2 mm in He. Electroless nickel plating thickness, phosphorous content, and the associated
measurement errors (standard deviation and relative standard deviation) are compared for all conditions (Table 2).

Table 2 Analysis of electroless nickel plating film thickness and phosphorus content.

Collimator 0.2 % 0.2 mm (Air) 0.2x 0.2 mm (He purge) 1.2 x 1.2 mm (Air)
Element Ni-P (um) P (Wt%) Ni-P (um) P (Wt%) Ni-P (um) P (wWt%)
Standard 11.29 9.1 11.29 9.1 11.29 9.1

AVE 11.34 9.2 11.32 9.1 11.31 9.1
SD 0.13 0.33 0.05 0.12 0.05 0.13
RSD % 11 35 0.4 1.3 0.5 15

The EA6000VX has a He purge option that improves its sensitivity to light elements. In this measurement, stable analysis of P
was possible using the smallest collimator (0.2 X 0.2 mm) without the He purge system. Using a larger collimator and the He
purge system proved to be effective for analyzing small concentrations of light elements.

2% This a one example of a measurement and not a guarantee of instrument performance
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