
Introduction

Dual-layer NiP/Au plating is a popular plating for Cu

contacts on flexible printed circuits. The plating thickness

is important to control the electrical conductivity, corrosion

resistance, and mechanical behavior[1].

Scanning electron microscopy observation is a popular

approach for plating thickness measurement. However,

the thickness of the Au top plating layer is normally tens of

nanometers. Such an ultra-thin layer requires not only

high-resolution scanning electron microscopy, but also

skillful techniques of cross-section preparation. On the

other hand, an X-ray fluorescent spectrometer provides an

easy, non-destructive way to calculate plating thickness,

as well as its composition. It can get plating thickness and

composition values without the need for cross-section and

time-consuming sample preparation. Among XRFs, micro-

XRF is suitable for plating on small areas of electronics

like Cu contacts.

In this application note, we introduce non-destructive

thickness and composition analysis of dual-layer NiP/Au

plating on Cu contacts on a flexible printed circuit using

the HORIBA XGT-9000 X-ray analytical microscope.
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The XGT-9000 X-ray analytical microscope (Figure 2(a))

is an energy-dispersive X-ray fluorescence microscope

with micro-probes down to 10 µm, high-resolution CCD

cameras, and a motorized XYZ stage. These features

enable users to focus a target area even on small patterns.

In addition, the XGT-9000 software can offer an optional

feature of plating thickness and composition calculation

based on the fundamental parameter method (FPM). It

allows the calculation with/without standard samples.
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Figure 2. (a) HORIBA XGT-9000 X-ray analytical microscope

(b) the optics diagram inside the instrument.
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Sample

Figure 1. A flexible printed circuit with Cu contacts.

Cu contacts



Sample information

To evaluate the accuracy of standard-less calculation by

the XGT-9000’s Multilayer FPM module, we prepared

dual-layer NiP/Au plating on Cu contacts on a flexible

printed circuit whose plating thickness values are known

as 51.6 nm of the Au top layer and 2.68 µm of the NiP

middle layer (Figure. 3).

Measurement

We first conducted spectrum analysis on the surface of a

contact using the XGT-9000. The measurement position is

shown in Figure 3(a). The XRF spectrum was obtained

using a 100 µm ultra-high intensity probe under whole

vacuum condition. The voltage and current of the X-ray

generator were set to 50 kV and 100 µA, respectively. The

measurement time was set to 180 seconds to get a better

signal-to-noise ratio of Au peaks from the ultra-thin Au top

layer. It was repeated three times on the position to check

the repeatability. As shown in a schematic diagram in

Figure 4, XRF spectrum contains various characteristic

peaks of elements in a sample. While the detected peaks

tell us the composition of the sample, the peak intensities

of the elements can be correlated with its concentration. In

a case where a sample has a multilayer structure, an XRF

spectrum can also be used to calculate the thickness of

the layers using the peak intensities of the elements of the

plating compositions.

Result

Figure 5 shows XRF spectrum obtained from the NiP/Au

plating on the Cu contact. It presents peaks of P, Ni, Cu

and Au, which are all the components of the sample. It

means that the primary X-rays penetrated through the

plating and reached the substrate, and that fluorescent X-

rays generated from the layers reached a detector

successfully.

Figure 3 (a) Dual-layer NiP/Au plating on Cu contacts analyzed

in this application note. (b) The plating thickness values are

known as 51.6 nm of Au top layer and 2.68 µm of NiP layer.
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Figure 4: Schematic diagram of thickness calculation using

XRF on a multilayer structure.
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Figure 5. XRF spectrum on the NiP/Au plating on the Cu

contact on a flexible printed circuit. The measurement position

is shown in Figure 3(a).
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Next, we calculated the plating thickness and composition

using the Multilayer FPM module of the XGT-9000

software. The Multilayer FPM module calculated using an

obtained spectrum and a user-defined layer model. We

defined the layer model as shown in Figure 6. Thanks to

the calculation based on FPM, we can calculate both

thickness and composition, even without standard

samples. Moreover, this calculation includes peak

separation, therefore we can get accurate results even if

spectral interference occurs like P and Au in this sample.

Table 1 shows the results (n=3) of the calculated plating

thickness and composition values. It shows 49 nm of of

the Au top layer and 2.54 µm of the Ni middle layer, on

average. The results were consistent with the provided

values. The calculated composition result showed that P

content was 5.8 % in the NiP middle layer, on average.

These values were consistent with the P content range

reported in previous research[2]. Thus, thanks to the

Multilayer FPM module, we could obtain consistent results

of plating thickness and composition with good

repeatability without any standard samples.

Conclusion

XGT-9000 provides a fast and non-destructive analysis of

thickness and composition of dual-layer NiP/Au plating on

a Cu contact. We successfully detected Au of the ultra-thin

layer without any time-consuming sample preparation. Our

plating thickness results of Au and NiP were consistent

with the provided values, and with good repeatability

despite standard-less condition. Thus, the XGT-9000 is a

powerful system for analyzing these types of plating.
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Figure 6. Layer model used for this sample. Standard-less

calculation using Multilayer FPM module was applied.

Table 1: Plating thickness and composition results of NiP/Au

layers (n=3) calculated by the XGT-9000.

Result (n=3)
Average

Thickness (µm) 1 2 3

Au 0.0049 0.0050 0.0049 0.0049

NiP 2.55 2.54 2.54 2.54

Composition (mass%)

Au content 100 100 100 100.0

Ni content 94.1 94.4 94.1 94.2

P content 5.91 5.62 5.87 5.80


