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Abstract: This work is devoted to the study of solutions for the stages of cleaning-conditioning and micro-etching before chemical copper 
plating of printed circuit board (PCB) holes. It has been shown that in the presence of a quaternary amine in the conditionin g solution, the 

negatively charged initial surface of the PCB holes is recharged. This, apparently, promotes the subsequent electrostatic adsorption of 

negatively charged colloidal particles of palladium activator in the holes of the PCB. It was revealed that the presence of copper ions in the 
micro-etching solution leads to an increase in the surface roughness, which contributes to an increase in the adhesion strength of the 

resulting metal layer to the dielectric. 
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1. Introduction 

 
The creation of a strong electrical connection between the 

layers of printed circuit boards and a conductive pattern on the 
surface of the dielectric is one of the most critical stages of the PCB 

manufacturing process, which includes the stage of chemical 
metallization [1]. The quality of the chemical copper layer in the 

holes of the PCB largely depends on the technology of preparing 
the dielectric surface for metallization, which includes the stages of 

cleaning, conditioning, micro-etching, and palladium activation of 
the surface. 

Russian standard solutions [2] for preparing the surface of PCB 

holes for the process of chemical copper plating do not meet 
modern requirements for technological characteristics (resource, 

stability, deposition rate, etc.) and properties of coatings, such as 
compactness of coatings and adhesion to the base. They have not 

found practical application, since they are inferior to imported 
counterparts in the listed parameters and manufacturability. Russian 

PCB manufacturers use foreign technologies. 
The disadvantages of using imported compositions are their 

high cost, the need for a warehouse reserve due to possible 

interruptions in supplies, as well as the risks of termination of 
supplies in the context of the imposition of sanctions. 

 

2. Preconditions and means for resolving the problem 

 
The test coupons of foil-clad and non-foil dielectric FR-4 (Fig. 

1) 2.5 cm × 4 cm in size and 2 mm thick with holes 0.2, 0.4, 0.6, 

and 0.8 mm in diameter were used as samples. 
Working solutions were prepared from reagents of at least 

“pure” grade and distilled water. 

To study the effect of conditioning, the ζ-potential was 
measured, which was determined on a ZetasizerNano device. The 

measurement is based on the electrophoretic mobility of the 
particles according to the Doppler effect. The FR-4 dielectric was 

crushed to a finely dispersed state, after which it was treated with 
the test solution of a cleaner-conditioner in compliance with the 

operating parameters of the process. To measure the ζ-potential, the 

cell was filled with a liquid with crushed dielectric particles and 
placed in a device in which an electric field with a certain strength 

was created. The particle velocity was measured using the patented 
M3-PALS technology [3] (light scattering with phase analysis), 

which made it possible to calculate the electrophoretic mobility, 
and from it the ζ- potential. 

To measure the surface roughness, a contact scanning method 
was used using a Mitutoyo MT178-601 profilograph. 

 
Fig.1. Test coupons of foil-clad (1) and non-foil (2) FR-4 dielectric 

The etching rate was determined by the gravimetric method. 

Samples of rolled sheet copper 2 × 2.5 cm in size, pretreated in a 

cleaning-conditioning solution, were dried and weighed on an 

analytical balance. Then, the surface was etched in the solutions 

under study, the samples were again dried and weighed. The etching 

rate (μm / min) was calculated using the formula (1): 

ν = 
𝛥𝑚∙104

𝜌∙𝑆∙𝜏
                     (1), 

where ∆m - the difference in masses before and after etching the 

surface of the samples, g; 

ρ - the density of copper, g / cm3; 

S - the surface of the part to be vented, cm2; 

τ - processing time, min. 

The study of the surface relief of the samples before and after 

the micro-etching stage was carried out on a LEXT-OSL 4100 

confocal laser microscope using an MPLAPONLEXT 100 objective 

at a magnification of 50 times. Specialized software made it 

possible to obtain images of structures [4]. 
 

3. Results and discussion 
 

Considering the literature data [2, 5-8], a solution containing (g / l): 

monoethanolamine 40, PEG (8000) 20, a mixture of oxyethylated 
synthetic higher fatty alcohols of fractions C12-C14 (synthanol ALM-10) 

5, amino-tris (methylene phosphonic acid) 7. Treatment in solution 
was carried out for 5-10 minutes at a temperature of 50-55°C. 

It is known that the recharge of the glass fiber surface at the 
conditioning stage occurs due to the presence of cationic surfactants 

in the solution, in particular, quaternary ammonium salts, however, 

there is no experimental confirmation of this fact in the literature.  
The effect of some substances was investigated, which, 

presumably, due to their structure, being adsorbed on the surface of 
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a dielectric, change its charge. Cationic surfactants of various 
natures and water-soluble polymers were studied as conditioning 

additives. 
The conditioning ability of the selected compounds was 

investigated by determining the ζ-potential of the dielectric before 
and after the purification-conditioning step. 

The results of the study showed that the recharge of the 

dielectric surface from a negative value to a positive value after the 
cleaning -conditioning stage occurs only in the presence of 0.6 ̶ 1.2 g 

/ l of the Cationic surfactant K1. In this case, the ζ-potential changes 
from         -57.7 mV to +12.6 mV, which is comparable to the effect 

of a foreign analogue (+8.12 mV), which was chosen as a cleaning-
conditioning solution of a Swedish company [5]. 

It is known that the presence of copper ions in a micro-etching 
solution promotes uniform etching of the copper surface [9, 10]. 

A composition containing (g / l) was chosen as the base 

solution for micro-etching: S2O8
2- (in the form of K2S2O8 or 

Na2S2O8) 38-39, H2SO4 (94-98%) 35-37, Cu2+ (in the form of 

CuSO4*5H2O) 0,5. The micro-etching process mode coincided with 
the mode of the foreign analogue [11] used by Russian manufacturers: t 

= 20-35 ° C, τ = 1-3 min, mechanical stirring. 
To assess the quality of the etching of a copper surface, the 

following were selected: Ra - the arithmetic mean of the absolute 

values of the deviations of the surface profile - the surface 
roughness index; etching rate of the copper substrate. 

Fig. 2 shows the dependence of the roughness index of the 
copper surface Ra after treatment of the foil-clad dielectric in a 

micro-etching solution on the concentration of the oxidizing agent 
is potassium or sodium persulfate in the presence and without 

copper ions in the solution. The green dashed lines indicate the area 
of roughness values for a foreign analogue (Ra = 0.38-0.40), red 

dashed lines indicate the area of roughness values for the original 

untreated sample (Ra = 0.34-0.36). 
It was found that the introduction of copper ions into the 

micro-etching solution, regardless of the nature of the cation in the 
oxidizing agent, leads to an increase in the surface roughness index 

in the concentration range of S2O8
2- 0.1-0.2 mol/l. The optimal 

concentration of S2O8
2- corresponds to the interval 0.15 ̶0 .20 mol / l, 

in which the roughness index of the copper surface is in the required 

range of values. 

 
Fig. 2. Dependence of the roughness index on the concentration of 

S2O8
2- in the base micro-etching solution 

  
The values of the surface roughness index after etching with 

sodium or potassium persulfate are comparable, however, 
considering the economic factor, it is preferable to use sodium 

persulfate. 

The rate of etching of a copper foil on the surface of a 
dielectric in a micro-etching solution was investigated as a function 

of the concentration of S2O8
2- ions. The results are shown in Fig. 3.  

 
Fig. 3. Dependence of the etching rate on the concentration of 

the oxidant in the base micro-etching solution  

The obtained dependence shows that with an increase in the 

concentration of the oxidant in the solution, the etching rate 

increases. Considering the permissible etching rate (0.8-1.2 μm / 
min, which corresponds to the etching rate in a solution of a foreign 

analogue), the range of S2O8
2- working concentrations is 0.15 ̶ 0.25 mol 

/ l. 

4. Conclusion 
Thus, it was found that the presence of a cationic surfactant K1 

in the cleaning-conditioning solution at a concentration of 0.6-1.2 g / l 

promotes the recharge of the dielectric surface from -57.7 mV to 

+12.6 mV. 

It was shown that the presence of copper ions in the micro-

etching solution leads to an increase in the surface roughness and 

also contributes to a more uniform etching of the copper surface. 

All the obtained characteristics of the developed solutions are 

comparable with the characteristics of foreign analogues. 

«The work was carried out with the financial support of the 

Mendeleev University of Chemical Technology. Project number X-
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