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Abstract: An electro-plating technology on a cured isotropic conductive pattern with a hybrid Cu paste composed of

resin matrix, copper, and solder powders has been developed. In a conventional technology, Ag paste was used to perform

a conductive pattern on a PCB or silicon substrate. From previous research, the electrical conductive mechanism and prin-

ciple of the hybrid Cu paste were concisely investigated. The isotropic conductive pattern on the PCB substrate was per-

formed using screen-printing technology. The optimum electro-plating condition was experimentally determined by

processing parameters such as the metal content of the hybrid Cu paste, applied current density, and time for the electro-

plating in the plating bath. The surfaces and cross-sections were observed using optical and SEM photographs. In con-

clusion, the optimized processing conditions for Cu electro-plating technology on the conductive pattern were a current

density of 40mA/cm2 and a plating time of 20min on the hybrid Cu paste with a metal content of 44 vol.%. More details

of the mechanical properties and processing conditions will be investigated in further research. 
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1. Introduction

For the building process of a conductive pattern on sub-

strates such as silicon and printed circuit boards (PCBs),

electroplating technologies after the screen printing process

are widely used for cost reduction and high reliability [1],

[2]. Mette introduced an electro-plating technology with

silver on cured silver paste performed using a screen print-

ing method for silicon solar cells [1]. To reduce the contact

resistance between silver pastes including glass frit and a

silicon solar wafer, the silver is electro-plated on the sur-

face of the printed silver and silicon substrates. From this

technology, the contact resistance was reduced from 1×

10−3 Ω cm2 to 2×10−7 Ω cm2.1) Nguyen et al. reported the

effect of electro-plated Ni and Cu on the surface of silver

paste to decrease the contact resistivity and increase the fill

factor.2) A line resistivity of 1.75 µΩ-cm, which is very

close to that of bulk Cu 1.70 µΩ-cm, was achieved using

the electroplated Ni-Cu method.2)

In previous research,3) hybrid Cu paste (HCP) as an iso-

tropic conductive paste (ICP) composed of metal powder

and polymer resin was successfully developed. After cur-

ing process of conductive pattern with HCP, it is observed

that metal particles are randomly exposed on the surface of

conductive layer and other area is covered by cured resin.

An electrical resistance of interconnection between con-

ductive layer and an electrical device is strongly dependent

on the exposed metal particles of the conductive layer.

Therefore, the contact resistance between the conductive

layer of HCP and an electrical device will be relatively

higher than another interconnection material such as solder

paste. For the lower electrical resistance of interconnection

between conductive layer and electrical device, an electro-

plating process on the surface of conductive layer with

HCP is required. HCP is composed of copper and solder

powders with a resin matrix, including a fluxing function

to remove the oxide. The electrical interconnection mecha-

nism of HCP was characterized through the measurement

of differential scanning calorimetry (DSC) and the electri-

cal resistance. To reduce cost, HCP material processed
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below 200oC was developed to substitute the high-cost Ag

paste. 

At the beginning the present research, the resin matrix

based on epoxy to effectively remove oxide without the

use of a conventional flux3-9) was investigated. In addition,

instead of the Ag paste used in,9) HCP was finally devel-

oped and used to perform a conductive pattern. Figure 1

shows the structure of the electrical conductive pattern

with electroplated Cu on the HCP. First, the conductive

pattern is performed using a screen printing method with

HCP material, as shown in Fig. 1, and is cured under the

given processing conditions. Copper is then electroplated

on the surface of the cured conductive paste fabricated with

HCP material.

Figure 2 shows a schematic of the electrical interconnec-

tion mechanism of a conductive pattern with hybrid Cu

paste. The screen-printed conductive pattern with HCP

material is shown in Fig. 2(a) before application of the cur-

ing process. It can be assumed that the copper flakes and

solder powder are homogeneously dispersed in the resin

matrix. With an increase in the processing temperature, the

solder particles are melted and can be freely wetted to the

adjacent Cu flakes, as the resin matrix is still in a liquid

state. The electrical passage indicated by the red arrow in

Fig. 2(b) is then completely formed. The processing tem-

perature is increased again to the curing temperature to

obtain a complete curing state of the resin matrix. The

interconnection mechanism of HCP was clearly investi-

gated in previous research.9) Recently, it was reported that

Ag-coated Cu flake as a filler was used for isotropic con-

ductive paste.10) It is believed that the isotropic conductive

pattern with Ag-coated Cu flake can be used for an electro-

plating process in the near future.

2. Materials and Experimental

2.1. Materials 

As shown in Table 1, there are two kinds of HCP, HCP-1

and HCP-2, with metal contents of 32 and 44 vol.%,

respectively.9) The resin matrix of HCP material is mainly

composed of epoxy, a curing agent, a reductant, and some

additives. The average diameters of the conductive parti-

cles used, such as copper flakes and Sn/58Bi solder pow-

der, are about 5µm. The melting temperature of Sn/58Bi

solder is 138oC. For the screen printing process, 20 mm×

20 mm non-conductive PCB with a thickness of 0.2 mm

was used. For the electroplating process, a typical current

source was used for applying a constant current.

2.2. Experiment

Figure 3 shows some schematic drawings of the screen-

ing-printing and Cu electroplating processes on a PCB sub-

strate. To perform a conductive pattern on a PCB substrate,

HCP material was printed using a screen printing method

at a dimension of 10 mm×10 mm, and cured at 180oC for

10 min on a hot plate, as shown in Fig. 3(a). Before the Cu

electro-plating process, one-half (5 mm×10 mm) of the

conductive pattern was covered by masking tape to prevent

the electro-plating of Cu, as shown in Fig. 3(b). For the

Cu electro-plating, the sample shown in Fig. 3(b) was

immersed in a plating liquid, and a constant direct electric

current (DC) was applied for a given period of time. After

the Cu electro-plating process, the electro-plated sample

was cleaned with water and the masking tape was

removed. The applied density of the current and the time

used for electro-plating were 20 and 40 mA/cm2, and 10

Fig. 1. Structure of the electrical conductive pattern with electro-

plated Cu on cured HCP: (a) surface and (b) cross-sectional

views.

Fig. 2. Schematic of electrical interconnection mechanism of con-

ductive pattern with hybrid Cu paste: (a) before and (b)

after the curing process.

Table 1. HCP materials used for screen printing as an isotropic

conductive paste

Material Copper [Vol.%] Solder [Vol.%]

HCP-1 16 16

HCP-2 22 22
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and 20 min, respectively. For an inspection of the electro-

plated Cu, surface and cross-sectional views were observed

using a scanning electron microscope (SEM). 

3. Results and Discussion

Figure 4 shows photographs taken by an optical micro-

scope. A conductive pattern with a dimension of 10mm x

10mm was performed through the screen printing and cur-

ing process conducted at 180oC for 10 min on the hot plate,

as shown in Fig. 4(a). The average thickness of the conduc-

tive pattern for the HCP-1 and HCP-2 materials was mea-

sured to be about 30 µm. The average electrical resistances

of HCP-1 and HCP-2 between points A and B in Fig. 3(a)

were about 4.0 and 2.0 ohm, respectively. As expected, the

HCP-2 material with a high metal content of Cu 22 vol.%

and solder content of 22 vol.% shows lower electrical

resistance than HCP-1, with a Cu content of 16 vol.% and

solder content of 16 vol.%. Figure 4(b) shows an optical

photograph taken after a 10-min Cu electro-plating process

with a current density of 40 mA/cm2. The pink area indi-

cates the electro-plated Cu, while the dark brown color

indicates the cured conductive paste of the HCP materials.

Figure 5 shows SEM photographs of the surfaces of the

electro-plated Cu and the cured conductive paste itself. The

light gray grainy area is the electro-plated Cu, while the

dark gray area is the bare conductive paste. To determine

the optimum electro-plating condition, different electrical

current densities and metal contents of the HCP materials

were used with a constant electro-plating time in a plating

bath. For the conductive patterns of HCP-1 with 16 vol.%

Cu and 16 vol.% solder in Fig. 5, different electrical cur-

rents of 20 and 40 mA/cm2 were applied for 10 min, as

shown in Figs. 5(a) and 5(b), respectively. In these figures,

it can be seen that a higher current density shows a more

compact electro-plated Cu for a constant metal content of

the HCP material. In Fig. 5(c) and 5(d), current densities of

20 and 40 mA/cm2 were used for 10 min for HCP-2 with a

high metal content of 22 vol.% Cu and 22 vol.% solder.

Figures 5(a) and 5(c) show a comparison of different metal

contents with HCP under the same electro-plating condi-

tion. It can be clearly seen that the speed of the electro-

plating is increased with an increase in the metal contents

in the HCP material.

Figure 6 shows cross-sectional SEM photographs of an

electro-plated Cu layer on a cured HCP layer with different

electro-plating conditions and HCP materials. Figures 6(a)

and 6(b) show photographs of the HCP-1 and HCP-2 mate-

rials, respectively, after the same electro-plating at 40 mA/

cm2 for 10 min. A light-gray electro-plated Cu layer with

an uneven shape can be seen in Figs. 6(a) and 6(b). As

shown in the figures, however, the density of the electro-

Fig. 3. Schematic drawings of screen-printing and Cu electroplat-

ing processes on a PCB substrate: (a) after the screen-print-

ing and curing processes, (b) before electroplating with

masking tape attached to the conductive pattern, and (c)

after Cu electroplating on the conductive pattern.

Fig. 4. Conductive patterns (a) before and (b) after Cu electro-plat-

ing.

Fig. 5. SEM photographs with the surfaces of electro-plated Cu for

10min. and cured Cu pastes: (a) HCP-1 with a current den-

sity of 20 mA/cm2, (b) HCP-1 with a current density of 40

mA/cm2, (c) HCP-2 with a current density of 20 mA/cm2

and (d) HCP-2 with a current density of 40 mA/cm2.
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plated Cu grains of HCP-2 with a high metal content was

higher than that of HCP-1 with a low metal content. Fig-

ures 6(b) and 6(c) show SEM photographs of electro-

plated Cu on HCP-2 with a current density of 40 mA/cm2

for 10 and 20 min, respectively. The average thickness of

the electro-plated Cu layer in both Figs. 6(b) and 6(c) is

about 20 µm, although the electro-plated Cu density of Fig.

6(b) is lower than that of Fig. 6(c). As shown in Fig. 6(c),

the surface of the electro-plated Cu layer with an average

thickness of 20 µm is relatively smoother than in the other

samples. Therefore, it is concluded that the optimum con-

dition of the Cu electro-plating process for HCP-2 material

is 40 mA/cm2 for 20 min.

From the present research, instead of a pre-existing Ag

paste, the possibility of Cu electro-plating on a hybrid Cu

paste was clearly confirmed. As a competitively priced iso-

tropic conductive paste, hybrid Cu paste can be a good

candidate. The process and material reliability such as

adhesion strength, solder wetting, and mechanical proper-

ties of electro-plated Cu will be investigated in the near

future for industrial application.

4. Conclusion

For a competitively priced isotropic conductive paste, a

technology for Cu electro-plating on a low-cost hybrid Cu

paste was developed. The process of Cu electro-plating on

the hybrid Cu paste was investigated experimentally through

the optimization of the metal content of HCP material,

applied current density, and electro-plating time. As future

research, the mechanical properties of an electro-plated Cu

layer and the soldering process on its surface will be opti-

mized.
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