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Super fine membrane circuit board
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We have developed a gravure-offset printing technology to achieve a finer trace width than 
that of a screen printed one. We have successfully produced a super fine membrane circuit board 
of L/S=30 μm. This product is promising for uses in a capacitance touch panel with peripheral 
routing traces or transparent electrodes with fine silver mesh traces. In this paper, we report the 
printing technology and the properties of the membrane circuit board.

1. Introduction
A membrane circuit board is built from polyethyl-

ene telephthalate (PET) on which silver traces are 
formed by screen printing. This method is widely ad-
opted to produce various electronic devices including 
digital consumer products because of its simple manu-
facturing process and low cost. 

Demand for the density growth of traces on a mem-
brane has increased with downsizing and growing 
functionality of electronic devices in recent years. We 
launched the development of a new fine printing tech-
nology to put a super fine membrane circuit board of 
L/S 30 μm to practical use to meet the demand (Fig.1). 
In this paper, we report the background of the devel-
opment of the printing machine and the dedicated sil-
ver paste, the properties of a super fine membrane 
circuit board and its expected applications.

2. Printing technology 
2.1  Development of printing technology

Screen printing is extensively used for manufactur-
ing electronic components because of its fewer steps  
in the manufacturing process and lower costs than 
photolithography. In the printing, paste passes through 
screen mesh opening to be printed on a base film. So 
there is a limitation of making printed line width finer 
due to the restriction on a diameter of screen mesh. 
Therefore, present minimum circuit L/S is 75/75 μm 
in mass production (Fig.2). We aimed to overcome the 
limitation by a new fine printing technology and to ob-
tain high productivity equivalent of screen printing 
and high quality fine circuit lines comparable to photo-
lithography. The technologies for fine printing that 
draw attention are flexo printing, gravure printing, off-

set printing, gravure-offset printing and inkjet printing 
1). It is necessary for a membrane circuit board to have 
thick traces, low resistance and a high accuracy of di-
mensions to avoid mismatch of connections with other 
electronic components and of incorporation into chas-
sis. We selected gravure-offset printing technology 
that has advantages in these respects (Fig.3). Gravure-
offset printing has combined advantages of gravure 
printing and offset printing technologies. This technol-
ogy offers a high accuracy of dimensions peculiar to 
the gravure plate. Additionally, it can print sharp pat-
terns with few bleeding of paste, which is typical of 
offset printing. The printing steps are as follows: 
(Fig.4) 
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Fig. 1. Concept of super-fine membrane circuit board.

Squeegee

Opening
Screen Paste

Printing direction

Printing table

Base
film

Fig. 2. Mechanism of screen printing  and appearance of screen 
mesh.
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STEP1  Paste filling : Fill the grooves of the gravure 
plate with paste using a doctor blade.

STEP2  Paste transfer : Contact the gravure plate 
with a blanket to transfer the paste to the 
surface of the blanket.

STEP3  Transfer to film : Contact the blanket with a 
film to print the paste to the surface of the 
film.

In the gravure-offset printing, the paste transfer pro-
cess is performed by bringing the blanket consisting 
of an elastic body into contact with the paste in the 
groove of gravure plate and accepting sufficient 
amount of high viscosity paste to the surface of the 
blanket. This paste transfer process enables us to 
make fine and relatively thick patterns on the base 
film. The pattern which is transferred to film complete-
ly from the very flat and smooth surface of the blanket 
has a nearly oblong cross section shape. Such a cross 

section allows achieving designed electric properties. 
We cooperated with the maker of the printing machine 
and put the gravure-offset printing machine of high ac-
curacy to practical use for achieving demanded dimen-
sion accuracy and productivity for membrane circuit 
boards.

2.2   Development of silver paste for gravure-offset 
printingg

We cooperated with a material maker and developed 
a new silver paste for gravure-offset printing which al-
lowed L/S 30 μm patterns. To obtain positive outcomes 
at each process, the silver paste requires the following 
properties: 

-  Paste filling : Enough viscosity to fill the paste in 
the groove of the gravure plate,

-  Paste transfer : Balancing viscosity to attach to the 
blanket and elasticity to transfer enough amount of 
the silver paste, and

-  Transfer to film : Balancing viscosity to attach to 
the base film and high elasticity to transfer the sil-
ver paste on the blanket to the base film complete-
ly.

We optimized the kind and molar weight of the 
binder resin, shape and composition of a conductive 
silver filler for the silver paste. We adjusted the rheol-
ogy of the silver paste to provide with high viscosity 
when it is subjected to high-speed shear in doctoring 
process for paste filling. Next, we did so to provide 
with high elasticity when the paste is subjected to low-
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speed shear during transfer to the film (Fig.5). More-
over, we adjusted the volatilization volume of the sol-
vent included in the silver paste and the absorbed 
amount to the blanket to keep up sufficient viscosity 
for transferring to film. As the result of the adjust-
ments, we achieved stable printing of L/S 30μm pat-
terns without any pinhole and breaking (Fig.6, Ta-
ble1).

3. Applications
We are about to mass-produce the super fine mem-

brane circuit board using the gravure-offset printing 
technology. We introduce some applications as fol-
lows:

3.1  Super-fine membrane circuit board

Recently, smartphones and tablet terminals with a 
touch panel have increasingly become a part of mod-
ern life. A capacitance system is a mainstream of touch 
panel detection systems now. The system requires 
high detection sensitivity to achieve high functionality 

such as multiple touch and gesture input. To meet the 
demand, the number of peripheral routing trace to 
control ICs has to be increased because the number of 
electrodes for the sensor increases. These peripheral 
routing traces are intentionally hidden in the back of 
the bezel. However, the smaller bezel area is preferred 
because display sizes are getting bigger and bigger 
and design of the devices is of importance. So a nar-
rower pitch is more strongly required for peripheral 
routing traces than ever before. The mainstream of a 
method to make peripheral routing traces is now pho-
tolithography that has advantages in making fine trac-
es. We are considering using the super-fine membrane 
circuit board produced by the gravure-offset printing 
process for conductor routing (Fig.7). We can respond 
to a demand for fine patterns as we can stably make 
L/S 30 μm patterns which is tightly printed on the In-
dium Tin Oxide (ITO) layer and have low resistance 
(Table2). Our technology also has an advantage in 
cost because the circuit boards are resistant to bend-
ing so that traces can be formed on bends in the 
board. 
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Fig. 5. Viscoelasticity silver paste.
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Fig. 6. Super-fine membrane circuit of L/S 30 μm.
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Fig. 7. Traces of bezel for capacirance touch panel.

Table 1. Performance of silver paste.

Items Developed Ag paste

Printability
Line width [μm] 20 ~

Thickness [μm] 1.5 ~ 2.5

Performance
(160 ∞C 
drying)

Conductive property [W cm] 4.0¥10-5

Bendability

Without 
over-resist

Out-of-plane 
bending

R=0.5 mm: OK

With 
over-resist

Out-of-plane 
bending

R=0.5 mm: OK

Adhesion
Untreated 
PET film

OK

ITO/PET OK

Pencil 
hardness

20 μm line F

30 μm line H

Insulation resistance [W] 1.0¥109 ~ 1.0¥1011

Migration OK
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3.2  Transparent electrode of fine mesh pattern

ITO etched with patterns is mainly used as transpar-
ent electrodes of a touch panel. But ITO is expensive 
and is not suitable for a large-size touch panel of about 
12 to 20 inch which requires low resistance. Fine mesh 
electrodes made by gravure-offset printing are replace-
ment for ITO. For fine mesh patterns, optical transmis-
sion from non-printed area between traces allows hu-
man eyes to perceive them as transparent (Fig.8). Our 
fine mesh electrode (L/S= 20 μm / 1000 μm) achieved 
over 85 % transmission and under 50 W/square sheet 
resistance that was lower than ITO (Fig.9, Table3). 
Moreover, it has an advantage in reducing manufac-
turing processes because L/S 30 μm peripheral rout-
ing traces are printed on the same process of making 
the mesh electrode with the same silver paste. Anoth-
er strength of us lies in a fact that we can tailor trans-
parent mesh electrodes to customer needs by calculat-
ing the transmission and sheet resistance from the 
mesh line width and pitch.

4. Conclusion
We are confident that a gravure offset printing tech-

nology offers a cost advantage of membrane circuit 
boards and their wide application in electronic devices 

that require further compactness and higher function-
ality.  We are now developing a finer trace of 7 μm. We 
have a high expectation that this circuit board will fur-
ther expand the application field of our products.
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Fig. 8. Appearance of fine silver mesh traces of transparent 
electrode.
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Fig. 9. Fine silver mesh traces of transparent electrode.

Table 3. Performance of fine silver mesh traces of transparent 
electrode.

Items
Existing ITO 

electrode

Super fine Ag 
mesh electrode

(L/P = 20 μm/1000 μm)

Sheet resistance [W/   ] 150 35

Transmission [%] >90 89.4

Film-forming method Coating
Gravure-offset printing

Circuit formation method Etching

Table 2. Performance of traces of bezel for capacirance touch panel.

Items Reqired performance Super fine membrane

Printability
L/S [μm]  ~ 50/50 30/30 ~ 75/75

Thickness [μm] - 1.5 ~ 2.5

Performance
(160 ∞C drying)

Sheet resistance [W/   ]  ~ 0.50 0.15 ~ 0.30

Bendability
Without over-resist - Out-of-plane bending

R=0.5 mm : OK

With over-resist - Out-of-plane bending
R=0.5 mm : OK

Adhesion
Untreated PET film OK OK

ITO/PET OK OK

Pencil 
hardness

30 μm line - H

Insulation resistance [W] - 1.0¥109 ~ 1.0¥1011

Migration OK OK


