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1. Introduction

In recent years, the demand for flexible print cir-
cuit (FPC) has been increasing. Ordinary FPC is pro-
duced using circuits composed of plastic films onto
which copper foil is laminated. In addition, silver
printing circuit board (membrane circuit board, MB)
that has a structure in which conductive silver paste
is screen printed on a PET (polyethylene terephtha-
late) film to form circuits is available.

Although MB has features such as low cost and
simple manufacturing method, its applicability is lim-
ited since its circuit resistance is significantly higher
than that of FPC using the same foil. The authors
developed and successfully commercialized highly
conductive membrane circuit board (highly conduc-
tive MB) with reduced circuit resistance in an
attempt to eliminate this disadvantage and to apply
MB to as many products as possible. This circuit
board is based on highly conductive silver paste
which has been developed jointly with Fujikura Kasei
and exhibits extremely high conductivity compared
with the conventional ones. This paper briefly
explains highly conductive silver paste and describes
the characteristics of highly conductive MB, expect-
ed scope of applications, and application of highly
conductive paste to other fields.

2. Highly conductive silver paste

2.1. Types and features of conductive silver paste

Conductive paste for screen printing used for for-
mation of circuits in the MB uses silver material in
conductive particles. Although silver has a disadvan-
tage that ion migration can occur easily, it is handled

with ease since it is more resistant to oxidization com-
pared to copper, which has specific resistance of a
similar level, and hence this material is used widely.
Polymer-type conductive paste utilized in the MB is
specific in that low-temperature baking at less than
150°C(PET film circuit board is capable of withstand-
ing this temperature) is possible. Silver conductive
particles are dispersed in organic binder (polymer)
and if printed or baked, conductive silver particles
make contact each other thereby ensuring good elec-
trical conductance. However, with this conductive
mechanism, there are many contact resistance
between conductive particles 1), specific resistance of
the circuit being formed is more than 4.0 × 10−5 Ω cm
which is more than 30 times that of bulk silver (Fig.
1).

In the meantime, conductive paste used in the
ceramics substrate is composed by conductive silver
particles and glass frit, and its baking temperature is
more than approximately 500°C. After baking, con-
ductive particles are sintered and contact resistance
between conductive particles is greatly reduced.
Therefore, it is possible to form a low-resistance cir-
cuit having specific resistance of the order of 10−6 

Ω cm.
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Fig. 1.  Concept of  highly conductive paste.
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The highly conductive silver paste we developed
also possess features of the said paste. Conductive sil-
ver particles are sintered by baking at 150°C, a
process, which is applicable to PET films and specific
resistance less than 8 × 10−6 Ω cm can be realized
(Fig. 2).

2.2. Highly conductive silver paste

As a means to obtain coating film or circuit with
lower specific resistance by sintering of particles at
low temperature, utilization of silver nano particles
has already been put into practical use 2). However, a
paste of this kind is too expensive to be applied to the
MB.

We then searched for a new method taking costs
into considerations and found that utilization of silver
oxide particles as the precursor of conductive silver
particles is encouraging 3). When silver oxide fine par-
ticles are mixed with a reducing agent such as ethyl-
ene glycol, etc. and heated to 150°C, inter-particle
fusion bonding as well as deposition of reduced silver
are caused. In order to apply these phenomena to the
paste, we investigated possible methods for adding
reducing agents and established a method that uti-
lizes silver oxide particles to which carbon con-
stituents having reducing function are attached 4), and
a method that utilizes organic silver compound which
generates for the first time reducing agent con-
stituents by heating at baking 5). By adding appropri-
ate organic matter binder, etc. to these materials, we
succeeded in the practical application of this highly
conductive paste suitable for screen printing (Table
1).

3. Examples of application of highly conductive
silver paste

With highly conductive paste, printing workability

identical to that of a conventional polymer-type con-
ductive silver paste is basically secured and there is
no need for new facility investment. In addition to the
fact that this is advantageous from the viewpoint of
cost, conventional engineering method and quality
control know-how can be used without modification,
and high-reliability products can be presented.

3.1. Highly conductive MB

The following description deals with the expected
application fields of the highly conductive MB. Figure
3 shows an example of MB for connection of sub-
strates. With this configuration, it is possible to real-
ize a resistance value of 1/10 of that of the conven-
tional one at the maximum in a stable manner (Table
2) and application to large-sized electronic equipment
or longer wiring materials is now made possible.
(Conventional circuit board was hardly applied to
these fields due to resistance problem.) It is also able
to cope with bending as small as φ 1 mm and can be
applied to small-sized electronic equipment.

Figure 4 shows the simulation of detection antenna
circuit board used in the pen tablet. The circuit has a
four-layered structure where the dielectric interlayer
is formed by screen printing of the exclusively resist-
ant paste. Thus, highly conductive MB for multi-layer
circuit can be also formed. With conventional prod-
ucts, circuit resistance is high and application to a
large-sized panel was hardly possible. We expect that
implementation of highly conductive MB will

(a) polymer type (b) sintering type (c) highly conductive
silver paste

Fig. 2.  Surface images of cured conductive paste.

Fig. 3.  Sample of menbrane wiring board for connecting
PWBs. Pitch:min0.5mm.

Fig. 4.  Sample of antenna circuit boards for tablet PCs.

Table 1. Performance of highly conductive paste.

Silver precursor
Silver oxide fine particles
organic silver compound

Baking condition 150°C × over 30 min

Resistivity Under 8.0 × 10−6 Ω cm

Adhesiveness
Good

with primer

Minimum pitch
L/S = 0.1mm/0.1mm

(with PET film substrate)

Life One month (cold storage)
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enhance widespread application.
Figure 5 shows the simulation of a non-contact IC

card. Communication distance of the non-contact IC
card is expressed as follows:

(Communication distance) = √(Transmission out-
put) × (Receiving gain) × (Wavelength)2 / (4π)2 ×
(Receiving side power consumption)

Power consumption at the receiving side is
required to be low. For this reason, it is very impor-
tant to maintain resistance of the antenna circuit for
IC card at a lower level, and therefore, no MB is used
till now. The highly conductive MB reduces not only
the specific resistance of the circuit but also the cir-
cuit resistance effectively by controlling the film
thickness of the circuit. It is therefore expected that
characteristics close to those of the antenna circuit,
which is formed by aluminum foil etching and used
extensively at present, will be obtained. We also
expect that if highly conductive MB is to be applied
to film antenna for car-mounted television, etc., which
has been becoming increasingly popular, an improve-
ment in the industrial design resulting from a thinner
line of the circuit is to be made possible.

3.2. Application to dye-sensitized solar cells

As discussed above, although highly conductive sil-
ver paste was originally developed for the sake of low-
temperature baking, it has advantages for applica-
tions involving high-temperature baking.

As one of applications, current collection wiring of
transparent conductive glass substrate (transparent
conductive glass) for dye-sensitized solar cells (DSC),
which has been attracting attention recently as the
next generation solar cells, is cited. With DSC, power
is taken out through transparent conductive glass
used as the window electrode. Since it has a certain
resistance, the power generated is lost in part while
the internal resistance of the battery is increased. In
order to prevent this, efforts have been made in such
a way that current collection wiring is provided to
transparent conductive glass so as to reduce the loss
to a minimal level 6).

In order to check the effects of current collection
wiring formed using various conductive silver pastes,
we produced a sample shown in Fig.6 and performed
experiments. Resistance across A and B reflects its
effects well and if resistance across C and D is the
same, the lower the resistance across A and B, the
higher will be the performance obtained. Table 4
summarizes the results obtained. It is known from
Table 4 that resistance across A and B of the sample
utilizing highly conductive silver paste is remarkably
lower than that of the sample using conventional bak-
ing type silver paste (conventional paste) while resis-
tance across C and D is same for the both.
Observations of the cross section (Fig.7) reveal an
apparent difference in the reinforced conductive
wiring formed by two types of pastes. With wiring
formed by highly conductive silver paste, inter-parti-
cle sintering is more remarkable than in the other
and results in a state close to that of bulk silver. It is
therefore considered that effective reinforced conduc-

Fig. 5.  Sample of antenna circuit boards for RF-ID tags.

silver pattern
transparent conductive substrate

A C

65 5m

D B

Fig. 6.  Cross-sectional design of a electric resistivity test piece
of a transparent conductive substrate. 

Table 2. Performance of highly conductive membrane wiring
board for connecting PWBs.

Item Conventional MB
Highly

conductive MB

Silver conductive Polymer-type Highly conductive 
paste (conventional) paste

Substrate 75µmPET

Insulation
Flame retardant insulation paste

(eco-friendly material)

Part of engaging Covered by conductive carbon paste 
with connector (migration proof type)

Circuit thickness Average 10µm Average 15µm

Circuit resistivity 4.0−6.0 × 10−5 Ω cm 8.0 × 10−6 Ω cm

Circit resistance
magnification 1 About 0.1

(average)

Insulation
Over 1010 Ω

resistance(Ω)

Adhesiveness Good

∅1mm curving test Not open (after 10 times)

Environmental test
Good

80°C × 240 h· −40°C × 240h · 60°C95% × 240 h
−40°C ~ 80°C heat cycles (40times)
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tive wiring having wide contact area with transparent
conductive membrane can be formed. We have suc-
cessfully developed high-performance large-scale
DSC module equipped with current collection grids
utilizing highly conductive silver paste (Fig. 8)7).

4. Conclusion

As mentioned above, we consider that highly con-
ductive MB eliminates one of drawbacks of conven-
tional MB and its scope of applications has been
widened substantially. We are currently promoting
the optimization of the structure, the manufacturing
process as well as the designing of highly conductive
paste in the hope that highly conductive MB may be
adopted by as many users as possible. Its characteris-
tics have been improved noticeably compared with
those at the beginning of the development. We

expect that in the future, this will develop into the
essential wiring materials in the electronics industry.
We also intend to promote aggressively the applica-
tion of highly conductive silver paste to uses other
than circuit boards as typically represented by cur-
rent collection grids in the dye-sensitized solar cells.
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3.2×10−6 Ω ⋅cm 450°C×1hr

10µm

2.4×10−6 Ω ⋅cm 450°C×1hr

10µm

Fig. 7.  Cross-sectional sem images of metal grid layer 
on a transparent conductive substrate.

Fig. 8.  Dye sensitized solar cells using highly conductive paste.

sintering type (conventional) highly conductive paste

Table 3. Specification of an antenna circuit board for tablet PC.

Wiring board Highly conductive MB

Substrate 75µmPET

Circuit layer 4 layers

Circuit thickness Advantage 6µm

Circuit resistivity Under 7.0 × 10−6Ωcm

Insulator among the layers Special insulation paste

Insulation resistance
Over 1010Ω

among the layers

Table 4. The result of an electric resistivity test for 
a transparent conductive substrate.

Item
Conventional Highly conductive
sintering type paste

Circuit thickness 10µm 6µm

Circuit width 5 mm 5 mm

Resistivity 3.2 × 10−6 Ωcm 2.4 × 10−6 Ωcm

Resistance between
21 Ω 12 Ω

A and B

Resistance between
0.05 Ω 0.05 Ω

C and D


