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1. Introduction

In the wake of remarkable miniaturization of elec-
tronic equipment, demand for flexible printed circuit
(FPC) board has been increasing. In addition to ordi-
nary FPC composed of circuits based on copper foils
laminated on resin films, membrane wiring boards
(MB) composed of circuits where conductive silver
paste is printed on the PET film are available.

The popularity of MB is due to its simple manufac-
turing process and low costs. However, its circuit
resistance is much higher than that of FPC based on
copper foil and its application is limited as a matter of
course. In order to eliminate these drawbacks and to
apply the MB to as many goods as possible, we
launched a development program of the MB (highly
conductive MB) with greatly reduced resistance. As a
result, we have successfully developed a highly con-
ductive silver paste, jointly with Fujikura Kasei Co.
Ltd., which allows the formation of a circuit with elec-
trical conductivity higher than that of conventional
ones, and put the highly conductive MB to which the
above-stated paste is applied for practical applica-
tions. This paper explains the mechanism for devel-
oping good conductivity by the highly conductive sil-
ver paste and discusses characteristics of the paste
already put on the market and of the highly conduc-
tive MB thus developed.

2. Target of Developing Highly Conductive
Membrane Printed Wiring Board

With a conductive silver paste used for the printed
wiring board, conductive silver particles are dis-

persed in the binder. This paste falls into two cate-
gories: polymer-type and sintering-type (Fig. 1). With
the former, conductive silver particles in the range of
several tens of millimeters are dispersed in the
binder made of polyester resin, epoxy resin and so
forth. When this paste is printed or baked to form a
circuit, conductive silver particles contact each other
due to contraction stress of the binder resin thereby
generating electric conduction. Figure 2 shows an
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Fig. 2.  Surfaces of Cured Conventionally 
Conductive Silver Pastes.
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Fig. 1.  Concept of Highly Conductive Silver Paste.



example of the SEM image of the surface of the cir-
cuit being formed using polymer-type paste. It is
noted in the figure that the silver particles in the scale
profile touch each other. Since the formation of a cir-
cuit by this type of paste is possible at a temperature
lower than 150°C, it is used extensively in the MB in
which PET film is used as the base material.
However, since its conductive mechanism contains
many contact resistance constituents of the conduc-
tive particles1), specific resistance of the baked film is
more than 4.0 × 10−5 Ωcm - as high as approximately
30 times that of bulk silver. This disadvantage is one
reason for the limited application of the membrane-
printed wiring board.

The latter (sintering-type) consists of conductive
silver particles and glass frit and is used frequently
for the formation of a circuit on the ceramics sub-
strate or formation of electrodes. One distinctive fea-
ture of this type is that by baking at a high tempera-
ture of more than 500°C, sintering is caused between
the conductive particles, thereby remarkably reduc-
ing contact resistance constituents between the parti-
cles. For this reason, although specific resistance as
low as 3 × 10−6 to 8 × 10−6 Ωcm can be realized, this
type is not applicable to the wiring board based on
resin such as PET film with low heat resistance. 

We have developed a new conductive paste
equipped with features of both types. Namely, a new
paste allows low-temperature baking at 150°C applica-
ble to PET film substrate and has a specific resistance
of less than 8 × 10−6 Ωcm. We then set a target for
practical application of MB, which is applied, to this
paste. In order to attain this target, it is absolutely
necessary for fusion between silver particles to be
carried out at 150°C.

3. Development of Highly Conductive Silver
Paste

Several papers have already reported the method-
ology for obtaining a coating film or a circuit with
lower specific resistance by sintering of silver parti-
cles at a low temperature. The conductive paste
referred to in these papers which utilizes low-temper-
ature sintering of silver particles in the nano world
with extremely high surface energy2) 3) not only real-
izes lower specific resistance in the order of 10−6

Ωcm, but is also equipped with favorable printing
workability that allows thin-film circuit formation at
30µm intervals4). However, this material needs a bak-
ing temperature of more than 180°C, and therefore
its application to PET film-base material is difficult. 

We developed a technique for fusion of particles at
150°C, which showed that utilization of silver oxide
fine particles is effective.
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Fig. 3.  Condition of Sintered Particles by Reduced Silver
Oxide Fine Particles.
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Fig. 4.  TG-DTA Charts of Reducing Silver Oxide.



3.1 Silver Oxide Fine Particle Reduction Method

When a mixture of silver oxide fine particles (mean
particle size: approximately 250 nm) and ethylene gly-
col (EG) as the reducer is heated on a hot plate at
150°C, reduced silver is separated out and at the
same time fusion is caused between the particles.
This is referred to as the silver oxide fine particle
reduction method. Figure 3 shows SEM images of
the particles before and after heating. It can be under-
stood from this that particles independent of others
before heating are fused by the heating process.

Even if silver oxide heated in the air in the absence
of any reducer, it undergoes self-reduction at about
430°C and generates silver. This reaction is consid-
ered to be an endothermal reaction on the basis of
thermogravimetric or differential thermal analysis
(TG-DTA) (see Fig.  4(a)). In the meantime, if ther-
mal analysis is attempted under coexistence with EG
as the reducer, a large peak of heat generation is

observed at around 140°C, which indicates reduction
(see Fig.  4(b)). This is explained by the fact that
oxidative destruction in which oxygen of silver oxide
is removed by EG accompanies the large heat gener-
ation. It is considered that reduction is promoted sig-
nificantly by this heat. Consequently, a violent heat
generation takes place during the process resulting in
high-temperature atmosphere and fusing between
particles is accelerated. 

3.2 Paste Produced by Silver Oxide Fine Particle
Reduction Method

In order to apply this technique to the production
of conductive paste, if silver oxide fine particles are
maintained in dispersion liquid state containing the
reducer, reduction is caused gradually even at room
temperature, and almost all silver oxides are reduced
in a single day. We attempted to use a weak reducer
to control this reaction, but sufficient fusion between
particles did not take place.
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Fig. 7.  EDS Analysis of Silver Oxide Fine Particles.

Adsorbed organic substances

Temp. (°C)

430°C

D
TA

 (
µ

V
) Origin

154°C
6.0

4.0

100 200 300 400 500 600

2.0

0.0

-2.0

-4.0

Fig. 5.  Effect of Adsorbing Organic Substances on
Silver Oxide Fine Particles.

100nm

Layer of adsorbed
organic substances

Fig. 6.  TEM Image of Organic Substances Adsorbed
Silver Oxide Fine Particle.



During investigations to confirm that stability is
compatible with reactivity, we discovered that if silver
oxide fine particles with carbon component adhered
onto the surface are used, reduced silver in the fused
state can be obtained by heating (150°C for 60 min)
without a reducer. The carbon component adhered
onto the surface of these silver oxide fine particles is
originated in ethanol solvent used during the produc-
tion process of silver oxide fine particles and adhe-
sion can be treated simply by some device applied to
the process. 

Figure 5 shows differential thermal analysis (DTA)
chart for silver oxide fine particles adsorbed on
organic substances and for untreated silver oxide fine
particles. With silver oxide fine particles not subject-
ed to removal of the carbon component adhered, an
endothermal peak is solely observed at around 430°C
while with treated silver oxide fine particles, a high
heat generation peak is noticed at around 150°C, indi-
cating that reduction occurs. These reaction charac-
teristics remained unchanged even after storage at
room temperature for three months, and thus good
stability is revealed.

Status of carbon component absorption was

checked by transmission electron microscope
(TEM). Figure 6 shows TEM images of the silver
oxide fine particles adsorbed on organic substances.
It is understood from the photograph that a very thin
coating layer exists on the surface, which is not
observed with the silver oxide fine particles not sub-
jected to the treatment. Analysis of elements on the
fine particles by energy-dispersive X-ray spectrometer
(EDS) yielded the charts shown in Fig. 7.
Comparison of two types of fine particles paying
attention to the peak strength ratio between the car-
bon atom and the silver atom showed that the per-
centage of carbon atom is evidently higher in the
treated fine particles. It is confirmed from this that
the coating layer on the surface of fine particles sub-
jected to the treatment contains much more carbon
atoms5). 

It is probable that the adhered carbon components
that withstood high-vacuum state at TEM observation
result from adsorption of ethanol due to hydrogen
bonding or of alkoxide.

As an alternative for securing storage stability, uti-
lization of an organic silver compound is cited6).
Heating of the organic silver compounds adopted at
150°C causes decomposition and precipitation of sil-
ver fine particles, and oxidative destruction of organic
components thereby generating an aldehyde.
Eventually, a strong reducing feature appears eventu-
ally. For this reason, the reaction is not promoted at
room temperature even under coexistence with silver
oxide fine particles and an extremely stable paste is
produced. If heated at 150°C, reduced silver particles
are obtained which are sintered.

Using the techniques mentioned above, we
checked optimization of screen-printing perfor-
mances by the addition of the polymer binder and
produced a paste suited for practical application.
Adhesiveness of this paste with PET printed wiring
board was inferior to that of the previous paste. We
then developed a primer paste for exclusive use.
Table 1 shows the characteristics of the highly con-
ductive paste developed. It is noted that for both the
materials, baking temperature of 150°C and resistivi-
ty of 10−6 Ωcm are compatible.

56

Baking
150°C × 60min

Highly conductive
circuit

Printing of resist Products

Printing of the paste Printed sheets

Fig. 8.  Production Process of Highly Conductive
Membrane Circuit Board.

Fig. 9.  Example of a Highly Conductive Membrane
Circuit Board    Pitch : min 0.5mm.

Table 1. Performance of Highly Conductive Pastes

Item Developed paste 1 Developed paste 2

Silver oxide fine Silver oxide fine
Silver particles(250nm) particles(500nm)

precursor Organic silver
compound

Reducer
Adsorbed on silver

Not required
oxide fine particles

Baking 150°C × 120min 150°C × 60min

Resistivity 8.8 × 10 −6 Ω cm 7.0 × 10 −6 Ω cm under

Adhesiveness Good Good
(with primer) (with primer)

Surface image
(baked)

250nm 250nm



4. Development of Highly Conductive
Membrane Printed Wiring Board

Figure 8 shows examples of the production process
of highly conductive MB to which the highly conduc-
tive silver paste we developed is applied.
Conventional facilities may be used without any modi-
fication and no investment of equipment is required.
This process is effective from the viewpoint of manu-
facturing costs.

In order to check the characteristics of the highly
conductive MB, we produced a test pattern as shown
in Fig. 9 and a comparative study was made with
regard to the conventional MB. Table 2 shows exam-
ples of the specifications and characteristics of the
developed MB.

4.1 Characteristics of Developed Article

Figure 10 shows specific resistance of circuits of
the highly conductive membrane-printed wiring
board developed. It is revealed from this that the MB
with extremely low specific resistance of the order of
10−6 Ωcm has been realized. Further, circuit resis-
tance of the developed MB1 with circuit film thick-
ness half that of the conventional one is approximate-

ly 1/3 of that of the conventional one, and the circuit
resistance of the developed MB2 with identical film
thickness is greatly reduced to approximately 1/5.
Figure 11 shows a summary of circuit resistance mag-
nification of the highly conductive MB with different
circuit thickness in comparison with conventional
MB (circuit film thickness: 10µm).

As for other important characteristics required,
resistance against bending is cited. MB is often bent
appropriately to be adjusted to the configuration of
the chassis. Using a test pattern, bending along with
a curvature radius of 1 mm that is guaranteed in the
MB was tested to see if no disconnection occurred.
Besides, through environmental tests including heat
resistance, cold resistance, and withstanding migra-
tion, characteristics equivalent to those of the conven-
tional ones were confirmed.

4.2 Expected Applications

As mentioned above, features of the highly conduc-
tive MB are greatly reduced circuit resistance, ease
of handling equivalent to that of conventional MB,
and realization of low manufacturing costs. We are
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Table 2. Specification and Properties of Highly Conductive Membrane Circuits

Item Conventionl MB Developed MB1 Developed MB2 Developed MB3

Conductive silver paste Polymer type Highly conductive silver paste (developed paste2)

Substrate 75 µmPET

Materials
Primer layer − Primer paste for high conductive silver paste

Cover resist Flame retardant resit paste (eco - friendly material)

Circuit thickness 10 µ m 5 µ m 10 µ m 15 µ m

Thickness of primer layer − 5 ~ 6 µ m

Resistivity (Ω cm) 4 ~ 4.5 × 10 −5 7.2 ~ 7.8 × 10 −6 6.7 ~ 7.5 × 10 −6 6.7 ~ 7.5 × 10 −6

Properties
Circuit resistance magnification 1 0.38 0.17 0.12

Insulational resistance (Ω) over 1010

Adhesiveness Good

φ 1mm curving test No opening circuit (after 10 times)

Environmental test Good

Conventional
MB
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Fig. 10.  Resistivity of Highly Conductive Membrane
Circuit Board.
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currently developing alternatives for some FPCs and
flexible flat cables by utilizing these features . We are
also checking application of RF-ID tags to various
antenna circuits and to fine pitch printed wiring
board. Thanks to lower costs for jigs and tools lower
than those for FPC, application to small-lot printed
wiring board is also possible.

5. Conclusion

This paper introduced a highly conductive silver
paste and highly conductive MB. Realization of high-
ly conductive circuits at a low temperature of 150°C
could endow new features to the MB to be used as
the substrative material for PFT film. We expect that
in the electronic industry where severe cost manage-

ment is essential for development, these wiring mate-
rials will play a key role.
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