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Abstract: This work is devoted to the study of the stage of galvanic copper plating of through-holes in multilayer printed circuit boards. Hole 

plating is one of the most difficult stages and requires high-tech electrolytes and equipment. The present study was carried out within the 
framework of the development of a domestic electrolyte for copper plating of PCB holes and is devoted to the study of the effect of the nature 

and concentration of brightening additives on the gloss of a copper coating. 
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1. Introduction 

 
With the development of technologies, the relevance of 

creating high-precision printed circuit boards (PCB), which are the 
main component of electronic devices, increases. The printed circuit 

board is a dielectric plate (fiberglass, getinax, etc.), on the surface 
and in the volume of which electrically conductive elements of the 

electronic circuit are formed, which are intended for the electrical 
and mechanical connection of electronic components. 

Taking into account modern requirements for the dimensions 

and compactness of products, the most demanded in industry and 
constituting the bulk of the volume of printed circuit boards 

produced are multilayer printed circuit boards (MPCB), which are 
pressed-in alternating layers of dielectric with a conductive pattern 

(TP) applied. TP are located on the outer sides and inner layers of 
the dielectric, the electrical connection between which is carried out 

by metallization of the through holes of the PCB [1]. 

The main requirements for electroplated copper coating inside 
the holes and on the surface of the PCB are: continuity and 

uniformity of the coating, incl. no «dog bone» effect – excessive 
metal build-up at the inlet of the hole [2]. In addition, the copper 

plating should be glossy. 

 

2. Preconditions and means for resolving the problem 

 
To prepare solutions of galvanic copper plating, reagents of 

«pure», «chemically pure» qualifications and distilled water were 

used. As samples for the deposition of copper coatings, we used 
plates of foil-clad dielectric (fiberglass) FR-4 with a thickness of 

1.5 mm, which is widely used in the production of multilayer 
printed circuit boards (fig. 1). 

 
 

 
 

 

 
 

 

Fig. 1. Foil-clad dielectric FR-4  

 
Freshly prepared copper plating electrolyte was worked 

through to remove impurities for 2 A·h/l (cathode current density is 
2 A/dm2, t = 25оС, mechanical stirring on a magnetic stirrer – 750 

rpm).  

Before applying a copper coating from the electrolyte under 
study, FR-4 plates were degreased with Viennese lime and activated 

in 10-% H2SO4. The process of galvanic copper plating of the 
prepared foil-clad dielectric was carried out under the following 

conditions: i = 2 A/dm2, 𝜏 = 57 min, t = 25оС, mechanical stirring 

on a magnetic stirrer – 750 rpm. 

One of the main requirements for the quality of the coating is 

gloss. Therefore, in this work, this characteristic was chosen as a 

criterion for assessing the quality of the developed electrolyte. 
The gloss of the copper plating was measured with a gloss 

meter «Elcometer 480». 
To numerically estimate the gloss value, the GU (Gloss Unit) 

scale was used. The current standards define the 0 GU and 1000 GU 
breakpoints (gloss angle 60°). With this value 0 GU corresponds to 

a matte surface with zero reflection, and the maximum value of GU 
corresponds to a black glossy surface. The 60° angle is the most 

universal, therefore, in this work, the gloss was measured at this 

angle [3]. The gloss measurements of each sample were carried out 
at least 5 times. 

The gloss value of the initial copper foil on the dielectric was 
82 GU. 

 

3. Results and discussion 
 

Sulfuric acid electrolytes containing Cu2+ and H2SO4 in a ratio 

of 1:10, as well as Cl– ions, are promising electrolytes for copper 

plating of PCB holes [4]. 
Based on the literature data [5-8] and preliminary tests, an 

electrolyte containing (g/l) was selected as the base one: 
CuSO4·5H2O 100, H2SO4 (96 %) 200, NaCl 0,11. 

The introduction into this electrolyte simultaneously of three 
types of additives (inhibiting, leveling, brightening) allows to 

ensure the uniformity and gloss of the coating on the surface of the 

PCB [4]. 
The aim of this work was to study the effect of the nature and 

concentration of brightening additives introduced into the base 
electrolyte on the gloss of the resulting copper coating. 

But before the effect of brightening additives on the gloss of 
the coating was studied, the gloss of coatings obtained from a base 

electrolyte (2.3 GU), an electrolyte of the base composition 
containing imported inhibiting and leveling additives (7.1 GU), as 

well as an electrolyte from a foreign analogue (636 GU). 

The following compounds were considered as brighteners in 
the concentration range from 0.001 to 0.3 g/l: MPS (sodium salt of 

3-mercaptopropane-1-sulfonic acid); UPS (3-(amidinothio)-1- 
propanesulfonic acid); MSA (methylsulfonic acid); p-TSA (para-

toluenesulfonic acid); m-NBS (sodium salt of 
methanitrobenzenesulfonic acid) (table 1) [9-11]. 

Table 1: Dependence of the gloss value of coatings (GU) on the 

nature and concentration (g/l) of the brightening additive 

 [g/l] 

Additive 
0,001 0,005 0,01 0,05 0,1 0,15 0,3 

MPS 4 590 644 5 4 4 4 

UPS 4 4 4 5 222 160 121 

MSA 8 4 4 4 4 3 3 

p-TSA 9 10 14 49 133 151 140 

m-NBS 5 5 4 4 3 3 3 
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Thus, glossy coatings make it possible to obtain an electrolyte 
containing a brightening MPS additive at a concentration of 0.005-

0.01 g/l. The gloss value of the copper coating obtained from the 
electrolyte of this composition was 590-643 GU, which is 

comparable to the gloss value of the coating obtained from the 
electrolyte of a foreign analogue (636 GU). 

In the case of UPS and p-TSA additives, a further increase in 

their concentration in the electrolyte does not lead to an increase in 
the gloss value of the copper coating. The additions of MSA and m-

NBS do not at all contribute to the production of glossy coatings. 

4. Conclusion 

 
It has been established that the use of the MPS additive, which 

is a substance from the class of sulfonic acids, as a brightening 

additive at its concentration in the electrolyte of 0.005-0.01 g/l, 

makes it possible to obtain coatings that meet customer-specified 

gloss requirements. 
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