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1. Introduction

With increasing downsizing and weight reduction
of electronic equipments, the components are
demanded to be much thinner and the density of
mounting to the substrate needs to be increased,
resulting in a growing demand for the flexible printed
circuit (FPC) board. Generally, FPC is manufactured
by etching the copper foil bonded to the resin film.
Apart from this method, FPC can also be manufac-
tured by printing the conductive paste on the resin
film. The latter type of FPC (with printed conductive
paste) is called the membrane circuit board 1) and is
now increasingly accepted.

For the membrane circuit board, the method of
printing the silver paste on the polyester film (PET) is
predominant (Fig. 1)2). The demerits of this method,
however, are the limited printing accuracy and the
difficulty of fine structuring because of the use of sil-
ver readily causing migration for the circuit board

material. The existing membrane circuit board is
compatible with minimum 0.5 mm pitch connectors.
As compatibility with the 0.3 mm pitch connectors
will be needed in the future, we have, however, devel-
oped the membrane circuit board compatible with
fine-pitch connectors.

2. Objective of development

2.1. Conventional technologies

Silver used in the conductive circuit of membrane
circuit boards tends to develop elution and crystal
deposition from oxidation-reduction in the presence
of water. Therefore, voltage application at high tem-
perature causes dissolution deposition of silver
between silver circuits, with tree-like dendrite grow-
ing between these circuits as shown in Fig. 2. To
avoid this phenomenon called migration 3), the con-
ductive circuit is covered with the water-resistant
insulation resist to prevent contact between the silver
circuit and water. However, the conductive circuit in
the connector fitting portion has to be exposed so as
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Fig.1.  Fabrication method of membrane circuit board.
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to establish the electric connection, so that this por-
tion cannot be covered with the insulation resist.

The approach to prevent migration in the connec-
tor fitting portion of the membrane circuit board con-
sists of covering the conductive silver circuits with
migration-free carbon, as shown in Fig. 3. Fujikura
has employed this approach, with success, to the
membrane circuit boards compatible with 0.5 mm
pitch connectors 4). When applying this approach to
the membrane circuit board for 0.3 mm pitch connec-
tor, the difficulty has, however, occurred because of
limited accuracy of the conductive carbon paste print-
ing. This study was intended to select and employ the
migration-free conductive material, as an alternative
to silver, so as to develop the membrane circuit
boards compatible with 0.3 mm pitch connectors
(Fig. 4).

2.2. Objective of development

Table 1 shows the requirements of the membrane
circuit board connector fitting portion. The conduc-
tive circuit in the connector fitting portion must be
sufficiently migration free and low in resistance and
must withstand repeated plugging/unplugging
into/from the connector. With regard to migration,
the development target was established so that the
duration of the blockage of the circuit width of 200
µm by deposit produced from the application of DC 5
V, as shown in Fig.5, namely, the short-circuit period,
becomes 1,000s equivalent to that of FPC or less. As
regards reduction of the resistance of the connector
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Fig.3.  Migration-proof membrane circuits for 0.5 mm pitch
connector.
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Fig.4.  Concept of migration-proof conductive paste.

Table 1. Properties required for membrane connector circuit.

Term Test condition (Specification) Demand characteristics

Appearrance − − −
No curvature deformation and float

No sink, no grime, no blemish and no printing blurs

Resistance −
<50Ω : (for switches)

<1Ω : (for LED)

Electric 
−

Voltage AC100V between two lines for an hour No arc damage and no electric breakdown
properties endurance On the condition of sensed current 2mA during voltage

Insulated 
DC 100V for an hour

Above 10 MΩ between 
resistance the next two conductive lines

Heat 
80°C×500h

resistance

Humidity 
40°C, 95%RH×500h

resistance
No appearance change, no resistance change, Heat and humidity

Wet heat 
60°C, 95%RH×500h no peel-offproperties

endurance

Heat cycle
80°C×1h⇔40°C×1h  400 cycle

Authenticity
(Change rate of temperature 120°C/h)

Heat shock −40°C×2h⇔80°C×2h  50 cycle

Plugging Repeatable plugging/
No appearance change, no resistance change, 

/unplugging − unplugging 20 times at the rate of
no peel-off

performance 10 times/min under no charge
No problem after voltage endurance test, 

insulated resistance test and contact resistance test

Resistance between the next two conductive lines is 
Migration-proof − 60°C, 95%RH×500h above 10 MΩ when DC100V is applied for a minute 

after water-drop test.



fitting portion, the development has aimed at the
resistance of several 10 Ω by taking into account the
circuit resistance specification of compatible prod-
ucts. In this case, during the design of the 0.3 mm
pitch connector, the target of the volume resistance
of conductive paste was set at 10−3 Ω cm because the
volume resistance required of the paste falls in the
first half of the 10−3 Ω cm range. To assure the repeat-
ed plugging/unplugging of the resistance, the binder
resin complying with specifications shown in Table 1
was selected.

3. Development results and discussions

3.1. Migration-free

The conductive filter to replace silver was selected
as the migration-free conductive material. In order to
evaluate the migration-free performance, the water
drop test as shown in Fig. 5 was made to check the
correlation between the conductive circuit gap width
and the test short-circuit time. The result as shown in
Fig. 6, is that short-circuit occurred, with deposit
observed between the circuits, within a short period
for silver or copper proper, or silver alloy. On the
other contrary, particles consisting of silver or copper
core covered with gold plating indicated delay in the
occurrence of deposit, resulting in an extended short-
circuit time. It is evident that metals such as gold and
palladium are stable against migration 3).
Consequently, by controlling the coating weight for
silver-free or copper-free particles with gold plating,
the material demonstrating the migration-free charac-
teristics equivalent to that of FPC could be developed.

3.2. Resistance reduction of the conductive circuit

Reduction of the volume resistance was attempted
with the conductive material using, as filler, various
gold-plated particles showing migration-free charac-
teristics equivalent to that of FPC. Gold-plated parti-
cles differing in the core were manufactured and
blended with resin to prepare various conductive
pastes. With the conductive paste using gold-plated
particles of nickel core, the gold plating conditions
and coating thickness, particles coagulation state
after plating, particle size distribution, and mixing
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ratio with resin were optimized. The successful result
was the conductive paste with the volume resistance
falling in the first half of 10−3 Ω cm range as shown in
Fig. 7. The optimum coating weight was determined
in the shape as shown in Fig. 8, by considering the
material cost, while taking care of not damaging the
conductivity.

3.3. Connection plugging/unplugging performance

The conductive circuit used in the connector fitting
portion may suffer such troubles as gouging by the
connector pin during repeated plugging/unplugging.
Improvement of this performance requires adjust-
ment of the resin component of the conductive cir-
cuit. Table 2 shows the result of the evaluation on the
conductive circuit resistance value, adhesive proper-
ty, and hardness when resin was changed variously.
It was proved that the use of an appropriate resin
assured characteristics complying with the specifica-
tion. Among materials evaluated this time, the ther-
mosetting resin proved superior to the thermoplastic
resin.

The membrane circuit board compatible with 0.3
mm pitch connector was manufactured experimental-
ly by using the developed paste. The fitting portion
was structured as shown in Fig. 9. The
plugging/unplugging test was made, which indicated
increase in the resistance of fitting portion as the
number of plugging/unplugging increased, as shown
in Fig. 10. As a result of checking the portion where
the resistance increased, crack was detected in the
100 µm width circuit, which might have been caused
by plugging/unplugging. This crack was found to be
responsible for the increase in the resistance. It is
generally said that the bendability of the conductive
circuit formed from the conductive paste is affected
by the shape of the conductive particles used. The
100 µm thin line was formed from the conductive
paste of scale-like conductive particles superior in
bendability in the market when compared with the
developed product in terms of bendability. The result
indicated no difference in bendability, meaning that
improvement of the material only was not sufficient
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Table 2. Relation among polymer matrix, paste conductivity, adhesion between PET and pencil hardness.

Resin Volume resistance
Adhesion between PET and conductive

Pencil hardness
paste by cellophane tape

Type (Ωcm)

Resin A 8.0×10−4 × 9H

Thermosetting resin
Resin B 1.5×10−3 ™ 9H

Resin C 4.1×10−3 ™ 4H

Resin D 1.3×10−2 ™ 3H

Resin E 1.6×10−2 ™ H

Thermoplastic resin
Resin F 2.0×10−2 ™ HB

Resin G 2.8×10−2 ™ 2B

Resin H 5.2×10−2 × 6B

0.3mm pitch

Surface Behind

Over resist
Ag

Migration-proof 
conductive paste

Fig.9.  Conventional-structured migration-proof membrane
circuits for 0.3 mm pitch connector.
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enough to enhance the connector plugging/unplug-
ging performance. In consequence, the new structure
as shown in Fig. 11 was designed and a prototype was
manufactured. It showed no increase in the resis-
tance before and after plugging/unplugging, as
shown in Fig.10, indicating a substantial improve-
ment in the variance of resistance among circuits.
With this structure, peeling of the land, deterioration
of migration-free characteristic due to
plugging/unplugging, and so on. were not observed
in the connector plugging/unplugging test.

3.4. Reliability

The newly-structured membrane circuit board for
0.3 mm pitch connector, which uses the developed
migration-proof conductive paste, was manufactured
experimentally and subjected to various reliability
evaluations. On continuous application of DC 5V in
the 60°C and RH95% conditions, silver paste or silver
alloy paste-based products could not survive after 120
h. On the contrary, the developed product could sur-
vive for 1,000 h, which is twice as long as the stan-
dard 500 h. It was also confirmed that the product

was stable without fluctuation of the resistance after
the test.

In this way, by introducing the gold plated nickel
paste in the new structure as shown in Fig. 11, the
product showed satisfactory characteristics without
migration or status change during the connector
plugging/unplugging in high-temperature humid
conditions. Therefore, we have succeeded in develop-
ing the membrane circuit board demonstrating the
characteristics equivalent to the specifications
required for the 0.5 mm pitch connectors (Fig. 12,
Table 3).

4. Conclusion

This report introduced the membrane circuit board
compatible with 0.3 mm pitch connector. It is expect-
ed that, along with the downsizing of digital house-
hold electric equipments, compatibility with 0.3 mm
pitch connectors will be needed in the membrane cir-
cuit board market. As the membrane board compati-
ble with 0.3 mm pitch connectors could be realized to
meet the market needs, it is expected that the fea-
tures of membrane circuit board be accepted in small
products, to which this type of board has not been
applicable, and this in turn would lead to application
in various products.
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Fig.12.  Migration-proof membrane circuits for 
0.3 mm pitch connector mounting metal-dome switches.

Table 3. Specification of developed Migration-proof MB circuits for 0.3 mm pitch connector.

Pitches

0.5 mm

0.5 mm

0.3 mm

0.3 mm

0.3 mm

Migration-
proof 

conductive
paste

Carbon paste

Au-plated 
Ni paste

Carbon 
paste

Au-plated 
Ni paste

Au-plated 
Ni paste

Structure

Fig. 3

Fig. 3

Fig. 11

Fig. 11

Fig. 9

Electric properties

Resistance
Insulated
resistance

1.5~5Ω ™

13~19Ω ™

12~32Ω ™

2~7Ω ™

15~35Ω ™

Plugging/
unplugging

performance

Abruption
Resistance
increasing

™ ™

™ ™

™ ™

™ ™

30~
™ 100%

UP

Authenticity

Heat Cold Humidity Heat Heat Wet heat Migration-
resistance resistance resistance cycle shockendurance proof

™ ™ ™ ™ ™ ™ ™

™ ™ ™ ™ ™ ™ ™

Increasing
™ ™ ™ ™ ™ ™ of line

resistance

™ ™ ™ ™ ™ ™ ™

Increasing 
™ ™ ™ ™ ™ ™ of line 

resistance


