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Abstract 

The increased demand for electronic devices in recent years has led to an extensive research in the field to meet the 

requirements of the industry.  Electrolytic copper has been an important technology in the fabrication of PCBs and 

semiconductors.  Aqueous sulfuric acid baths are explored for filling or building up with copper structures like blind micro 

vias (BMV), trenches, through holes (TH), and pillar bumps.  As circuit miniaturization continues, developing a process 

that simultaneously fills vias and plates TH with various sizes and aspect ratios, while minimizing the surface copper 

thickness is critical.  Filling BMV and plating TH at the same time, presents great difficulties for the PCB manufactures.  

The conventional copper plating processes that provide good via fill and leveling of the deposit tend to worsen the throwing 

power (TP) of the electroplating bath. TP is defined as the ratio of the deposit copper thickness in the center of the through 

hole to its thickness at the surface. 

 

In this paper an optimization of recently developed innovative, one step acid copper plating technology for filling vias with 

a minimal surface thickness and plating through holes is presented.  The direct current (DC) process is studied in a wide 

variety of conditions to collect information on its capabilities.  The plating conditions allowing improved micro-distribution 

for the plated TH are discussed.  Boards with various thicknesses and TH aspect ratios are included in this study. The 

responses included TP min., TP knee, via dimple and cavity formation.  A strong interaction between brightener and leveler 

concentrations was found.  The results obtained allow for enhancing through hole micro-distribution while filling a wide 

range of BMV sizes. The process is designed for a variety of equipment applications with insoluble anodes, including 

vertical continuous plating equipment.  In addition, a modified formula for soluble anodes applications is described.  

 

Filling of through via holes in core layers of HDI and IC substrates in a one-step DC process is also demonstrated.  

Through vias filled with <5 microns or zero dimple and no voids or defects are shown.  Mechanical properties, tensile 

strength => 42,000 psi, elongation > 20% as well as the thermal resistance of copper deposits met and exceeded the IPC 

standards thus satisfying the need of a highly reliable copper electroplating process. 
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Introduction 

Electroplating copper solutions are used in many industrial applications, such as anticorrosion and decorative coatings, and 

in the electronics industry for manufacturing of electronic devices.  Aqueous sulfuric acid copper baths are particularly 

useful for the fabrication of printed circuit boards (PCB) and semiconductors.  Copper, having better electrical conductivity 

than any metal except silver, is the metal of choice since copper metallization allows for smaller features application. 

Interconnect features are features such as blind micro vias (BMV), trenches, and through holes that are formed in a 

dielectric substrate. They are metallized, preferably with copper, to render the interconnect electrically conductive.  During 

circuit fabrication, copper is electroplated over selected portions of the surface of the printed circuit board, into blind vias 

and trenches and onto the walls of through holes passing between the surfaces of the circuit board base material.  The walls 

of the through holes are metallized to provide conductivity between the circuit layers of the printed circuit board.  The 

conductive deposits should be of a uniform plating thickness.   Vias and trenches provide conductive connections between 

circuit board inner layers.  For semiconductor fabrication, copper is electrodeposited over a surface of a wafer with various 

features such as vias and trenches. Copper filled vias and trenches ensure a good conductivity between the semiconductor 



device layers.  Thus, in many printed circuit board and semiconductor fabrication processes, electroplating has been 

adopted by industry as the primary deposition means for copper metallization. [1-2]. 

The trend of portability combined with increased functionality of electronic devices has driven the miniaturization of PCBs. 

Smaller device sizes and increased circuit density require decreasing the dimensions of interconnect features and increasing 

their density.  The conventional multilayer PCBs with through-hole interconnects are not always the optimal solution. 

Sequential build up technologies, which utilize blind vias have been developed for high density interconnects.  Maximizing 

of via filling, while minimizing the surface copper thickness and deposit thickness variation presents difficulties for the 

manufacturers, especially when the PCBs contain both through holes and BMVs.  It is mostly desirable to obtain a good 

throwing power in electrodeposition processes.  Particularly in the through hole plating of PCBs, a uniform distribution of 

deposited copper is demanded including inside the holes on hole walls.  In general, copper plating processes that provide 

good via fill and better leveling of the deposit across the substrate surface tend to worsen the throwing power of the 

electroplating bath.  In the fabrication of reliable PCBs, via filling and plating through holes (PTH) with various aspect 

ratios at the same time, in the same electrolyte is highly challenging for the manufacturers.   

 

The purpose of this work was to optimize a recently developed innovative copper process for simultaneously filling vias 

and plating through holes (TH) with a minimal surface thickness.  The process was evaluated in a wide variety of 

conditions to collect information on its capabilities.  The effect of inorganic components and organic additives 

concentrations and the influence of the plating parameters on the plating process performance in terms of throwing power 

and via filling were determined.  A series of copper electroplating solutions were evaluated.  THs with various diameters / 

aspect ratios in boards up to 1.6mm thick were measured.  

 

Insoluble and soluble anodes applications were considered.  Filling of through via holes in core layers of HDI and IC 

substrates in a one-step DC process was also studied.  Panel plating as well as pattern plating for vertical plating 

applications including vertical continuous plating (VCP) equipment were included in the experiments.  The mechanical 

properties of plated copper deposits, Tensile Stress and Elongation were measured. The thermal characteristics were 

evaluated. 

 

Acid Copper Plating Process 

A typical copper plating solution contains copper sulfate, sulfuric acid, chloride ions, and organic additives that control the 

deposition process and the quality of the plated coatings [3-8]. Solutions that provide good via filling and leveling of the 

copper deposits usually are characterized with low polarization and presence of leveling agents.  High copper, low acid 

base electrolytes (VMS) are used.  The brighteners are adsorbed at low current density areas of the cathode surface, 

accelerating the process, while the levelers are adsorbed at the most negatively charged areas thus slowing the deposition 

rate there.  On the other hand, high throwing power is achieved in low copper, high acid baths.  The throwing power of an 

electroplating bath depends on solution conductivity, electrodeposition kinetics (the slope of the polarization curve, the 

higher the better TP min), cell geometry, and temperature.   

 

The innovative plating process is an advanced, direct current acid copper system offering simultaneously via filling and 

through hole plating [9].  The plating is uniform over the cathode surface and no TH thin knee or “slope” is observed 

around the THs.  Key features include filling BMV up to 5mils x 4mils with a low dimple size, any layer build up 

applications, as shown in Figure 1.  Figure 2 shows a typical plating in the bath at 20 ASF.  Surface copper thickness is 18 – 

20 microns and the surface appearance is bright.  The process is compatible with direct metallization or Electroless copper.  

The low organic (TOC) system has extremely long life and it is easily maintained; all organic additives are CVS 

analyzable.       





















The thermal characteristics of plated copper met the IPC standards and ensured that no failure occurs during the subsequent 

soldering operations.   

 

Summary 

An innovative DC acid Cu process for simultaneously filling vias and plating through holes was studied in a wide variety of 

conditions to collect information on its capabilities.  The throwing power can be enhanced with optimized physical and 

chemical plating parameters while keeping very good via fill across a wide range of geometries.   

 

A high copper, low acid solution was used for Through Hole ARs up to 5:1, in 0.8 mm thick panels. The optimization 

included organic additive concentrations and plating parameters.  Conditions of minimum and maximum throwing power 

and minimum and maximum dimple size were determined, and experiments were run under these conditions.   

A compromise was achieved between plating conditions that favor via fill and those that are beneficial for TH Plating.  

For thicker panels of 1.6 mm, a TP min = 78% was obtained for 0.25 mm diameter holes, AR = 6.4:1, in a bath containing 

reduced copper ions concentration and increased acid concentration.   

Insoluble and soluble anode applications were shown in this paper.  

 

Filling through via holes in core layers of HDI of the PCB and IC package substrate was discussed.  X-through vias, 90 x 

150 m that were filled with <5 microns or zero dimple and no voids or defects were shown.  The filling conditions are 

given. Further work is under way to achieve filling up through via holes in thicker cores. 

 

For mechanical properties, tensile strength => 42,000 psi and elongation > 20% as well as the thermal resistance of copper 

deposited from baths with soluble or insoluble anodes meet and exceeded industry standards thus satisfying the need of a 

highly reliable copper electroplating process. 
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 An innovative DC acid Cu process for simultaneously filling BMV and plating 

through holes was studied in a wide variety of conditions to collect information 

on its capabilities.  

 Conditions of minimum and maximum Throwing power and minimum and 

maximum dimple size were determined

 The Throwing power can be enhanced with optimized physical and chemical 

plating parameters while keeping a very good via fill across a wide range of 

geometries.  

 Insoluble and soluble anode applications

 A through-via hole copper filling technology can be applied to high density 

interconnect construction and IC substrates

 Properties of plated Cu meet or exceed all IPC Standards 

Summary
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