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Bowman P Series XRF 
for ENEPIG Applications

Background 
Electroless Nickel/Electroless Palladium/Immersion Gold (ENEPIG) is a tertiary layered surface 
finish plated over copper. It is a multifunctional surface finish, applicable to soldering and to gold, 
aluminum and copper wire bonding. It is also suitable as the mating surface for soft membrane 
and steel dome contacts. Additional applications include Low Insertion Force (LIF) and Zero 
Insertion Force (ZIF) edge connectors and press-fit applications. 

The electroless palladium layer forms a diffusion barrier that impedes nickel diffusion to the gold 
surface. The immersion gold prevents the palladium layer from reacting with contaminants that 
might otherwise affect joining processes, such as wire bonding and soldering.

XRF has become ubiquitous in the plating industry for measuring plated layer thicknesses. 
However, in response to increasing demand for reliability, the plating industry continues to 
develop new coating combinations that can make XRF analysis more complicated and 
increasingly subject to error if not calibrated and used properly. 

In particular, the use of ENEPIG coatings in the PCB industry, to improve shelf life and 
solderability, presents challenges to the traditional XRF instruments used to measure it.

In recent years, more capable XRF instruments have been introduced for plating thickness 
measurement. The most significant advancement is solid state detectors, which offer a major 
advantage over the common proportional counter, achieving energy resolutions approximately 
5X better than the proportional counter. 

In the case of Au measurement, the Au Lβ peak and the Br Kα peak can be better resolved, 
reducing overlap interference. Furthermore, the Au Lα peak is fully resolved from Cu K peaks. 
As a result, the Au L-α peak may be used without deconvolution techniques.
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Peak deconvolution is especially difficult to employ well when plating thickness is very thin. For 
Au layers less than 3µin, peak deconvolution methods can struggle to achieve high accuracy when 
Br is present. In addition, the nature of the peak deconvolution method requires excellent electronics 
stability to maintain measurement accuracy without frequent recalibration. In some cases, instrument 
design does not offer stability needed to avoid frequent drift correction and recalibration. 

Use of solid state detector-based XRF systems eliminates the need for peak deconvolution methods 
with respect to Au thickness measurements, and permits Au measurements of layers less than 1µin. 
Therefore, solid state detector XRF systems offer much better long term stability and are less reliant 
on operator know-how and vigilance, to achieve accurate Au results.

Solid state XRF instruments offer advantages for Pd measurement as well; because the overall 
background level is lower than for proportional counter systems, a clearer view of the Pd peak above 
background is produced, enabling the measurement of lower Pd thicknesses.

High resolution solid state detector 
(SDD: Typical Energy Resolution is 135eV.) 

High stability and accuracy for ENEPIG 

Closed-coupled geometry layout of the X-ray tube 
and detector provides more than three times higher 
counts, lowering detection limits, and improving 
precision with shorter measurement time. 

Configuration includes a 4-position multiple 
collimator assembly, a variable focus camera, 
and a solid state SDD detector along with a 
long-life micro-focus x-ray tube.

Bowman P Series XRF System

XRF Detectors and Their Limitations

 Au / Minimal measurable thickness ~ 70 - 100 nm ~ 5-10 nm ~ 2 nm

 Pd / Minimal measurable thickness ~ 100 nm ~ 10 nm ~ 5 nm

 Typical Energy Resolution / Mn Kα ~ 900eV  <200eV  <150eV

Prop. Counter PIN SDD

Detector Type
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T = tolerance, s = standard deviation, xm = mean of standard, x-bar = mean value measured 

A gage index is considered capable if

For the IPC-4556 Specification: 

Immersion Au thickness  min 2.8 µin – max 3.94 µin (0.030-0.070 µm)  T= 1.6 µin (0.040 µm)

Electroless Pd thickness  min 2 µin – max 12 µin (0.05 – 0.30 µm)  T= 10 µin (0.25 µm)

Electroless Ni thickness  min 118.1 µin – max 236.2 µin (3 - 6 µm) T= 118.1 µin (3 µm)

Gage Capability of the Bowman P Series XRF System
IPC 4556-specified Gage Capability Indexes are calculated with the formulas below.

The instrument capability is checked through the Cg and Cgk values which are defined as Gage Capability: 

The chart below was generated using the Bowman P Series XRF system, using:

24-mil collimator, W-target X-ray tube, SDD detector

30 seconds measurement time, 30 repeat measurements

  Layer      Au (µin)       Pd (µin)     Ni (µin)

Certified 2.04 3.72 76.8

Measurement average 2.07 3.65 77.7

Measurement Stdev 0.031 0.067 0.272

Tolerance, T 1.6 10 118.1

Cg  1.72  4.98  14.47 

Cgk  1.54  4.63  13.37 

Cg and Cgk of Bowman ENEPIG Measurements (P Series)

With more advanced Bowman instruments, such as the M or O Series, similar Cg and Cgk 
can be achieved in much shorter measurement times.

Cg =
0.2 • T

6 • s
Cgk =

0.1 • T –  X – Xm

3 • s

Cg ≥ 1.33  and  Cgk ≥ 1.33
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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, 
Spain, Portugal, France, UK, the Philippines, Russia, Turkey, Poland, Columbia and Brazil.

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.


