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Measurement of ENIG %P 
Under the Au Layer

Background 
The goal of this study was to simultaneously quantify the %P of the NiP layer, and thicknesses of 
the Au and NiP layers. 

Phosphorus-containing reducing agents are used for the reduction of the electroless nickel during 
deposition, and phosphorus is incorporated in the nickel deposit.

The level of this co-deposited element should be controlled within the supplier’s specified limits. 
Variation of phosphorus levels outside the specified process limits may have adverse effects on 
the performance of the finish and/or increase the occurrence and/or severity of hyper-corrosion.

Determination of %P in the NiP layer is more achievable for an ENIG plating line, because it can 
be measured before final Au immersion. But for incoming parts inspection, it is difficult and 
expensive to remove the top Au layer.  A powerful instrument to directly measure %P under the 
Au layer is described in this bulletin.

X Ray Fluorescence (XRF) is ubiquitous in the plating industry for measuring plated layer 
thickness and composition.  Traditional XRF instruments used to determine plating thickness 
were equipped with gas-filled proportional detectors; these are not able to measure phosphorus.

Recently, more capable XRF instruments have been introduced for plating thickness and 
composition measurement. The most significant advancements are solid state detectors and 
poly-capillary focusing optics. Solid state detectors can analyze light elements (down to 13-Al), 
providing good sensitivity for phosphorus measurement. Poly-capillary focusing optics provide a 
high intensity X-ray beam, with beam size down to approximately 10µm diameter.
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Instrumentation
Models:
Bowman M and W Series

Excitation:
Poly-capillary focusing optics

X-ray tube:
50W Cr target

Detector:
Silicon Drift Detector

Advantages

Ultimate in precision measurement performance for the smallest x-ray spot sizes.

X-ray beam focuses to 15µm/7.5µm (FWHM).

High resolution Large Window Fast SDD.

150x micro-viewing camera with 6x digital zoom and 20~45x macro-viewing camera.

High precision 400x300mm stage with repeatability greater than 1um (40uin).

Outperforms the requirements of IPC-4552A, 4553A, 4554 and 4556.

Conforms with ASTM B568, DIN 50987 and ISO 3497.

Ideal for semiconductor applications.

Sample Preparation
The sample should be flat and ideally not populated with 
components in the area of measurement. If testing is 
done on populated boards, consideration has to be given 
to sample placement so that the electronic components 
don’t block the fluorescence radiation from the detector.

The test specimen requires no other sample preparation.
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Calibration
Fundamental parameter calibration was built with certified samples as type standards.

Precision
Instrument repeatability is determined by 30 repeat analyses of a sample in static position, using 60 sec 
and 100 sec measurements for each analysis. Results are summarized here.

       Au (µm)       NiP / µm    %P

Labeled Value 0.064 4.6 8.0

Average Value 0.0642 4.68 7.95

Std. Dev. 0.0002 0.01 0.081

30 measurements of ENIG %P, 60-sec

       Au (µm)       NiP / µm    %P

Labeled Value 0.064 4.6 8.0

Average Value 0.0640 4.67 8.03

Std. Dev. 0.0002 0.01 0.056

30 measurements of ENIG %P, 100-sec

Conclusions
Bowman M and W series are powerful tools for the global PCB industry; they also support 
technology developments within the semiconductor industry.

This study shows that the Bowman M and W series offer excellent performance for the 
monitoring of %P in NiP layers, particularly direct measurement of the under Au layer.



Made 
in the USA© Copyright 2019 Bowman

1125 Remington Rd.
Schaumburg, IL 60173

847.781.3523 
www.bowmanxrf.com
sales@bowmanxrf.com

XRF Equipment • Local Tech Support,  Worldwide • Standards • ISO/IEC 17025 Accredited Lab

About Bowman
Founded in 2009, with a headquarters campus in the Chicago suburb of Schaumburg, Illinois, 
Bowman is the only major manufacturer of XRF coating measurement systems with design, 
development and manufacturing all in the USA. 

Bowman is a leading exporter of XRF systems, with a well-established customer base in 
Mexico and Germany, as well as Italy, Japan, India, Korea, China, Taiwan, Singapore, 
Thailand, Malaysia, France, UK, and the Philippines.

Bowman is exclusively focused on XRF technology. 

The company:

Is well-established, with more than 1000 units installed worldwide since 2014.

Has a worldwide service partnership: 200+ certified technicians who are qualified to service and repair
all 7 Bowman units, as well as benchtop XRF systems manufactured by other suppliers. 

Boasts impressive management credentials: Bowman ownership, managers and engineers are all alumni 
of CMI International, an early leader in XRF plating measurement technology, established in 1985.


