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1. Introduction

Membrane switches (MBSWs) are fabricated
based on screen printing technology. The circuit con-
sists of printed and dried silver and/or carbon con-
ductive ink. PET (polyethylene terephtalate) film is
used for the base film of MBSWs from the advantage
of high mechanical strength and low cost. Generally
the conductive circuit of MBSWs are covered with
dielectric layer.

MBSW’s features of thinness and lightness are
suitable for the application of small electronic equip-
ment, such as digital still cameras (DSCs), digital
video camera (DVCs) and portable audio. Since UL
approval is required for these equipment, MBSWs
are also required to be approved by UL for these
application. PET film, which is the base film of
MBSW, is flammable, as the relatively low oxygen
index value, 25, shows. Generally, for satisfying the
UL flammability specified by UL94, flame-retardant
coating layer is necessary for MBSW. The flame
retardancy is second function of above-mentioned
dielectric layer. In our conventional MBSWs, flame
retardancy has been provided by coating plasticized
polyvinyl chloride (PVC) on both sides or one side 1).
The flammability class is VTM2 in UL94.

PVC is widely used as general-purpose plastics due
to their high flame retardency, good mechanical char-
acteristics, electrical characteristics, processability

and low cost. However, PVC has an environmental
problem. It generates carcinogenic dioxins by incom-
plete combustion. Moreover, it contains the environ-
mental cantaminant dioctyl phathalate (a platicizer)
and a lead compound (a stabilizing agent). Due to
these environmental problems, the usage of halogen
compound including PVC for electronic equipment
tends to be limited. 

We developed ecological flame retardant dielectric
ink which does not contain environmental load sub-
stances at all, and passed UL94 flammability test by
over-coating the ink on the MBSW. And we con-
firmed that Eco-MBSW (MBSW with ecological flame
retardant ink) have equivalent characteristics with
traditional MBSW using PVC dielectric ink. We
report the development of Eco-MBSW in this paper.

2. Flame Retardant MBSW

2.1 Method of Flammability Test

A flammability test is performed according to the
test method of UL94. Basically it is the same method
as that of the rigid printed circuit board. In the case
of the thin flexible printed circuit like MBSW, VTM
will be applied because the same test as the rigid
board is difficult under the influence of the flame of
the burner. In the VTM test the sample being used
(50mm × 200mm) is rolled and ignited vertically.

2.2. Structure of MBSW

Our conventional MBSWs are coated with PVC on
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both sides or one side. The PVC layer makes MBSWs
flame retardant. In addition, the function of PVC layer
is to protect circuits mechanically and to insulate cir-
cuits electrically. The most important point of this
paper is the development of the flame retardant coat-
ing layer which does not contain any environmental
load substance and possesses the equivalent mechan-
ical and electrical performance to PVC.

Since there are single-sided and double-sided
MBSWs, the both structure must pass flammability
test. Particularly in the case of single-sided coating,
flammability test must be conducted for both samples
rolled with coating outside and rolled with coating
inside.

2.3 Combustion of Polymer and Flame Retardant
Technique

The steady state of the combustion process is
shown in Fig. 1. The combustion phenomenon is
comprised of the following series of cycles. (1)com-
bustion reaction at the oxidation reaction point,
(2)radiant heat transfer and the heating of material
surface, (3)heat transfer into material, (4)generation
of volatile components at the decomposition reaction
point inside material, (5)diffusion of volatile gas into
material, (6)diffusion of products generated by
decomposition into gas phase 2). Consequently flame
retardancy can be achieved by weakening a single
process of the cycles.

There are many techniques for making polymeric
compounds flame retardant, such as using intrinsic
flame retardant polymers and adding flame retardant
additives. Intrinsic flame retardant polymer contains
elements such as Si, F, Cl, P etc. in the chain.
Flammability can be reduced by adding non-flamma-
ble inorganic filler to reduce the density of flammable
polymer components. Polycyclic structure and highly
cross-linked structure are also effective. 

The result for the flammability test on the PET film
with the thickness of 75 micrometer which is coated
on a single side with three kinds of resin is shown in

Fig. 2.
PVC which has been used hitherto has a tremen-

dously strong effect. It can stop radical reactions
which generate in combustion. The flame retardant
effect can be enhanced by adding antimony trioxide.
It is apparent from Fig.2 that PVC has high flame
retardancy. The flame retardant system of silicon
resin has not been elucidated yet. It forms a hard
Char layer whose structure is formed by cross-link-
ing. It is supposed that this Char layer covers the
material surface as it burns, then removes and
reflects the heat from outside in conjunction with seg-
regation from oxygen and other flammable gases3).
Despite silicon resin’s flame retardancy, the pass
ratio of flammability test in case of coating on PET
film is equivalent to flammable polyester resin’s one.
Thus, it seems that the flame retardancy of coating
material and the MBSW’s passing ratio of flammabili-
ty test do not necessarily agree. 

2.4 Flame Retardant Agent and Their Extinction
Flame Digesting Mode

We selected polyester resin whose adhesion with
PET, flexibility and heat resistance are good as a base
resin. Various kinds of flame retardants are added to
the polyester resin. The mechanisms of flame retar-
dant agent are summarized in Table.14). 

Flammability test was carried out for 75 micro-
meter PET films of which single side was coated with
polyester resin containing various kind of flame retar-
dant. The result is shown in Fig.3.

The passing ratio of PET outside (coating inside)
samples is lower than that of coating outside samples,
as seen from Fig.3. This phenomenon is due to a rise
of the flame along the PET film when the flame retar-
dant coating comes inside. As a consequence, the
entire sample is covered with the flame. 

The difference of combustion mode in each flame
retardant agent is explained here.

In the case of flame retardant agents like metal
hydrated compound A which extinguishes a flame by
stimulating a formation of non-flammable Char layers,
PET film which is outside of the sample burns even if
forming non-flammable Char which is inside of the
sample. Therefore it is conceivable that a large
amount is required if it is to be extinguished.
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Fig. 2.  Flame Retardancy of Several Resins Coating PET Film.
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In the case of the flame retardant agent like nitro-
gen compounds, the momentum of combustion is
reduced by the effect of non-flammable gas.
Moreover, the important phenomena occurs in com-
bustion. The upper vicinity of the combustion point is
heated by radiation and convection. Then, in some
cases, PET melts at the portion. Consequently, flam-
mable PET is divided into an upper non-burning side
and a lower burning side. When the lower PET is
completely burned, the sample is extinguished.
Although the phenomena are complex such as curl-
ing by the difference of thermal behavior between
PET and coated layer, it seems that such division of
the flame is difficult to occur with the flame retardant
coating layer which makes Char layer fast.

In the case of the extinction by division of the
flame, the flame sometimes drips and flammability

grade is VTM-2. 
The key of this extinguishing mode is the balance

of the combustion speed and the timing of melting.
As described later, we could control the balance by
optimizing the content of nitrogen compounds and
the surface treatment of nitrogen compounds.

Phosphorus compounds was highly flame retardant
as shown in Fig.3. From the preliminary test, howev-
er, the insulation resistance of the coating which con-
tains phoshphorus compounds tends to decline under
the high humidity with voltage applied. It is consid-
ered due to the higroscopocity and easiness to gener-
ate the ions of phosphorus compounds. Therefore we
excluded it from a candidate.

2.5 Surface Treatment of Nitrogen Compounds 

The passing ratio of the flammability test are affect-
ed by surface treatment of nitrogen compounds as
shown in Fig.4. Inorganic surface treatment enhances
generation of Char layer when it burns. In the case of
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Table 1.  Main Flame Retardant and the Effect

Dehydra- Promotion Dilution of Block of Stop of
Item tion with of Char O2 density O2 density combustion Mechanism Compound Problem

endotherm reaction

Metal
2Al (OH)2→ Al(OH)3, 3CaO·

hydrate
™ ™ Al2O3 + 3H2O· Al2O3·6H2O, Mg(OH)2,

298kJ/mol Magnesium carbonate

Nitrogen ™
Generation of Melamine

NO, NO2 compound

P compounds→P2O5
Red phosphorus, Insulator (Phosphate),

Phospho-
™ ™ ™

→metaphosphoric
phosphate, Environmental

rus acid→orthophosphoric
polyphosphoric acid (PH3 gas)

acid (Char)

Silicon ™
Generation of

Silicon elastomer Insulator
silicon carbide

Generation of HBr, Bromine compound
Environmental

Halogen ™ ™ HCl Radical trap Chlorine compound
(dioxin)

R· + Br·→R·Br

Sb2O3→SbBr3
Environmental

Antimony ™ ™ Radical trap Sb2O3
(cardiopathy)

H· + SbX·→HX + Sb

B2O3, 2ZnO·

Boron ™ ™
2H3BO3→ 3B2O3·3.5H2O Environmental

B2O3+3H2O- Ammonium borate, (regulation substance)
metabarium metaborate

Stannum ™ ™
SnO2 + 4HCl→ SnO2, ZnSn(OH)6, Environmental
SnCl4 + 2H2O ZnSnO3 (regulation substance)
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Fig. 3.  Flame Retardancy of Several Flame Retardant Agents.
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Fig. 4.  Surface Treatment of the Nitrogen Flame
Retardant and Flame Retardancy.



the sample rolled with PET outside, it shows a similar
extinguish mode to other flame retardant agents in
Fig.3. It is considered that the increasing of inorganic
density accelerate the tendency to make Char layers.
By this result and electric insulation characteristics,
we selected the nitrogen compound without surface
treatment.

2.6 Content of Nitrogen Compounds

The relationship between the eontent of nitrogen
compounds and flame retardancy is shown in Fig.5.
When the content is low, the intensity of flame is
strong, and the sample burns in a moment. However
when compounding ratio is too high, the combustion
reaction becomes quite slow under the influence of
the flame retardant gas which generates from the
frame retardant agent, and PET is heated only in
proximity to the oxidation reaction point by radiation
and convection. It reduces the possibility of the divi-
sion of the flame with melting of PET. Consequently,
combustion time is elongated, and it is liable to fail.
Therefore the flame retardancy can be obtained in
suitable content range of nitrogen compaunds. As
described, we established a basic concept of coating
material (Eco-dielectric ink). The following section
details the studies to apply the flame retardant Eco-
dielectric ink to the flame retardant Eco-MBSWs as
real products, and introduces the properties of the
flame retardant Eco-MBSW. 

3. Properties of the Eco-MBSW

3.1 Flame Retardant Agents and Insulation
Properties

The migration test result(60°C, 95%RH, an exter-
nally applied voltage is DC5V ) is shown in Table 2.
The test specimens are
1) coating the flame retardant Eco-dielectric ink on

the silver circuit of L/S=0.4/0.2 mm and
2) Sandwitching 40 micrometer flame retardant Eco-

dielectric ink layer with silver electodes.
Nitrogen compounds with various surface treat-

ment are tested. The inorganic and organic treatment
show steep decline compared to no treatment.
Generally, surface treatment enhances compatibility
with resin. In this case, it is considered that the
excessive hydroxyl groups of the treatment are influ-
enced on the hygroscopicity. From the result fo the
migration test and the result of flame retardancy in
chapter 2.5, we selected the nitrogen flame retardant
agent without surface treatment. 

3.2 Printability of the Eco-dielectric Ink

This ink contains comparatively amount of much
flame retardant agents to the base resin for maintain-
ing the flame retardancy. Therefore it has a higher
thixotropy than normal inks. Depending on the condi-
tion of screen printing, air bubbles, unevenness of
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Fig. 6.  Surface Condition of Printed Membrane.
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(Ω)

Item Inorganic Organic No treatment

To line
Initial 1.5 × 1012 2.0 × 1012 1.5 × 1012

After test 4.0 × 1011 1.5 × 1011 3.0 × 1011

Sandwitched
Initial 4.5 × 1012 4.0 × 1012 3.8 × 1012

After test 6.0 × 109 2.0 × 109 2.0 × 1011

Table 2.  Migration Test Result of Dielectric Layer Containing
Nitrogen Compound with Various Surface Treatment



thickness and the aggregation of flame retardant
agents occur as shown in Fig.6. It can have a detri-
mental effect on the electric properties. 

Thereupon, amine dispersing agents were added to
improve the rheological properties of ink and to pre-
vent the aggregation of flame retardant agents
(Fig.7). Through the addition of dispersing agents,
the dispersion of flame retardant agents becomes bet-
ter and the discontinuous interface with the resin is
decreased (Fig.8). As a consequence, the air bubbles
and the unevenness of thickness are disappeared,
and good protection properties of the circuit and insu-
lation properties were obtained. 

3.3 Design of Base Resin and Bending Properties

MBSWs for small electric devices such as DVC and
DSC are required the stability of the resistance of the
circuits. In these products, against bending MBSWs
are usually used with bending in curvature radius of
R=0.5mm. In the case, maximam local elongation of
the dielectric layer is about 10%. Normally, if the filler
content increase, the mechanical characteristics
become worse. The tensile characteristics data of the
dielectric films is shown in Table 3. Base resin of Eco-
dielectric ink used to be single polyester and the
elongation at break of its is 3-5%. If these inks are
used, the cracks of the dielectric layer or the break of
the circuit will be caused. As this measure, the poly-
ester resin which have lower Tg (glass transition
point) than base resin is blended into the base poly-
ester resin. They are expected to form the alloy struc-
ture. 

Resistance change in silver circuit coated with vari-
ous dielectric layer is shown in Fig.9 (a 360°angle
bend, the curvature radius of R= 0mm). These values
are the circuit resistance when it is bended with cir-
cuit outside of each cycle. In order to investigate the
fatigue by the repeatedly bending, this is a severer
test than the actual products operating condition. In
single polyester coating, the circuit resistance rises
by a few bending cycles. As shown in the pictures of
the cross section at the bended point, there are
cracks of the silver circuit and the dielectric layer. In
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a) Before dispersing agent addition. b) After dispersing agent addition.

Fig. 8.  SEM Photographs of the Surface of Dielectric Layer.

Item
Tensile elongation at Tensile strength at 

break(%) break(MPa)

Base resin 300~320 9.80

Before improvement
3~5 1.96

(single polyester)

After improvement
50~60 4.90

(polyester alloy)

Table 3.   Tensile Characteristic
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polyester alloy coating, circuit is protected securely
even after bending, as shown in the cross section.

As a consequence, the resistance rise by bending is
as small as that of conventional PVC dielectric coat-
ing.

As these two polyesters do not dissolve completely
each other, both of two good performance appears,
such as the flexibility of a low Tg ingredient, the heat
resistance, hardness, blocking, and insulation of a
high Tg ingredient. The dynamic viscoelasticity is
shown in Fig.10. Little two Tg peaks are observed,
and it is anticipated that two characteristics have
appeared.

3.4 Characteristics of Eco-MBSW and Application
Examples

The basic characteristic of Eco-MBSW is summa-
rized in Table 4. In addition, the design guide of Eco-
MBSW is shown in Fig.11 and Table 5.

We have been producing MBSWs with mounted
electronic chip parts and those that are connected
with liquid crystal displays or transparent touch pan-
els. MBSW takes advantages of low cost, design flexi-
bility and ease for electric contacts. Recently, it is
required to attach MBSW with various kinds of
mechanical parts such as switches, potentiometers,
panels and cabinets (Fig.11). On the substitution of
the new developed Eco-dielectric ink from the con-
ventional PVC dielectric ink, the characteristics of
MBSW and MBSW module are shown in Table 5.
Eco-MBSW is possible to shift from the conventional
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Table 4.  Characteristic of Flame Retardant Resist with Eco Materials

Item
Eco-dielectric ink PVC dielectric ink

(enforcement method)

Flame retardancy
UL UL94 VTM-2 UL94 VTM-2

Environmental load substance OK Halogen, DOP, Lead

Processability Printability, Appearance OK OK

Coating characteristic
Adherence (cross cut) 100/100 100/100

Hardness (pencil hardness) HB-F F

Electrical characteristic
Insulation properties

over 1.00 × 109Ω over 1.00 × 109Ω
(60°C, 95%RH, DC5V × 240h)

Bending properties Relative change of resistance Relative change of resistance
Mechanical characteristic (repeatedly bending at value after 10 cycles value after 10 cycles

curvature radius R=0) 1.00 0.97

Heat resistance (80°C × 240h)

Cold resistance (−30°C × 240h)

Moist heat resistance
Environmental characteristic (60°C, 95%RH × 240h) Above characteristics does not change at all environmental test

Heat shock resistance
(−30°C × 30min←→80°C ×

30min ~20 cycles)

Table 5.  Characteristic of Flame Retardant
MBSW with Eco Materials

Item Specification, Performance

Long term bending hold Curvature radius R = 0 mm bending

Fine pitch circuit
Line to line 0.1mm

(Insulation properties test of Table 4)

Jumper circuit
Layer to layer 40micrometer

(Insulation properties test of Table 4)

Printed resistor 100Ω−500kΩ (±30°C)

Printed slide resistor 100Ω−100kΩ (±30°C)

MD mounting Over 500,000 cycles

Electric parts mounting
Possibility of the structure by epoxy

adhesive and sealing compound 5)

Protect tape, Adhesive Acrylic adhesive

Hot melt coating Polyester adhesive

Contact with functional
ABS, POM, SUS

parts such as mold parts

Metal dome
Printed slide resistor 0.5mmP CN

(ionic migration-proof)

Protect tape Printed resistor

Printed slide resistor

Fine circuit
Jumper circuitRotary

switch

Long-term
bending hold

Electric parts
mounting

Adhesive,
Hotmelt
coating

Mold parts

Fig. 11.  Application Example of MBSW Modules.
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MBSWs using PVC, and there are no problems on
adaptation for MBSW module products.

4. Conclusion

We have developed Eco-MBSW which do not con-
tain any environmental load substances including a
halogen compound. This Eco-MBSWs has character-
istics equivalent to the conventional MBSWs which
used PVC. These products are already adopted as
some electron devices, and are due to be promoted
further from now on.

References

1) T. Imai, et al.: Fujikura Technical Review, No.32, pp.31-35,
2003

2) Takeda, et al.: Nonhalogenkei nannenzairyou niyoru nan-
nenka gizyutu , First Edition, pp.9-10, 2001, N.T.S Co.

3) H. Nishizawa : Koubunshizairyou nannnenkagizyutu no
shintenkai, First Edition, pp.89-90, 1998, B.K.C Co.

4) Nakamura, et al.: Matsushita Technical Review, p.20,
Aug.2001

5) K. Motoki, et al.: Fujikura Technical Review, No.99, p.43,
2000


