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New Chip Mounting Technology on Membrane 

Tomoharu Sagawa,1 Atsushi Kume,1 Takayuki Imai,1 Yasushi Ono,2 
and Toru Nakatsuka 3

The membrane used for circuit boards in operation switches is getting smaller due to the 
miniaturization of digital home appliances. Accordingly, the chip mounting area is required 
to be smaller. The chip mounting technique currently used for the membrane uses the 
encapsulation resin to increase bonding strength, but this has obstructed the reduction of the 
mounting space. To satisfy downsizing requirements, a mounting method in which encapsulation 
resin is not used has been developed. We have applied this technology, and mass production has 
been launched.

1. Introduction
As the miniaturization of digital household electrical 

appliances such as the digital cameras or the digital 
video cameras advances, the membrane which is in-
corporated inside is also required to be downsized. 
Generally, LED is in many cases mounted in mem-
branes for digital household appliances, so it is neces-
sarily required to make it smaller, about the chip 
mounting space. Conductive adhesive, which hardens 
at low temperature has been used as the connecting 
material for membranes, because polyester fi lm is 
used for the base material of the membrane. However, 
the conductive adhesive cannot  bond the mounting 
chips strongly enough, so it is necessary to seal chips 
by encapsulation resin. This resin makes the reduc-
tion of the mounting space diffi cult. For such a reason, 
a new method of chip mounting that does not use en-
capsulation resin has been developed. Low melting 
point solder that includes the resin is adopted as con-
nection material and can realize high strength with 
high connection reliability. We have applied this tech-
nology to membranes for operation switches of digital 
cameras and digital video cameras, and have mass- 
produced them.

2.  Structure of conventional and new chip 
mounting method

2.1 Problem of conventional method

The structure of the conventional method by which 
the LED is mounted in the membrane is shown in Fig. 
1. The process consists of the following fi ve steps:

1) Dispensing the conductive adhesive 
2) Mounting the chip

3) Curing the conductive adhesive
4) Coating the encapsulation resin
5) Curing the encapsulation resin
The conductive adhesive electrically connects the 

base circuit and chip, and it is coated with the encapsu-
lation resin to bond chips strongly. However, it is dif-
fi cult to decrease the chip mounting area in this meth-
od, because coating space for the encapsulation resin 
is required.

The conductive adhesive is also pressed and spread 
when a chip is mounted, and then its viscosity decreas-
es in the curing process, so additional spreading oc-
curs. If the gap between lands is small, shorting often 
occurs after mounting. Therefore, it is diffi cult to 
mount small chips (less than 1.0¥0.5 mm in size) and 
IC chips, which require smaller gaps between lands 1).

In addition, galvanic corrosion occurs in high hu-
midity if chips plated with tin are mounted by conduc-
tive adhesive. As a result, the tin plating can undergo 
oxidation or dissolution, increasing contact resis-
tance. 
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Fig.1. Structure of conventional chip mounting.
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To solve these problems, we started to develop a 
new method of chip mounting, which does not use en-
capsulation resin, and is able to mount small chips or 
IC chips even if the gaps between lands are narrow, 
and maintains good conductivity even in high humidi-
ty.

2.2 New method

The key to development of a new mounting method 
is the choice of the connecting material. Solder is used 
for ordinary Flexible Printed Circuit (FPC), and has 
both high conductivity and bonding strength. Solder 
was also applied in this case in an attempt to achieve 
characteristics the same as in FPC.

However, the solder which cures at high tempera-
tures cannot be applied to the membrane because the 
polyester fi lm of base material cannot bear tempera-
ture exceeding 200 °C. Instead, a low melting point 
solder consisting of Sn-Bi and melts at less than 150 
°C was selected.

Two problems arise if the low melting point solder is 
used for membrane. The fi rst is low solder wettability. 
The circuits are normally formed by screen-print of 
the thermosetting conductive paste in membrane. The 
surface of the circuit is fi lled not only by the conduc-
tive fi ller, but also by the binder. It obstructs wetting of 
the solder, so the solder wettability lowers. As a result, 
the solder cannot melt on the circuit well and the con-
ductivity decreases.

We investigated material with surface formed by 
more conductive fi ller for the circuit. However, me-
chanical strength of the circuit itself and adhesive 
strength with the fi lm were reduced, because the resin 
content in the material was low. Therefore, a new ma-
terial that consisted of a special conductive fi ller and 
thermosetting binder was made, and adopted as the 
land for the chip mounting. As a result, both high sol-
der wettability and high conductivity were obtained.

The second problem is low bonding strength of the 
chips. Low melting point solder includes Bi, which re-
duces the mechanical strength of the solder itself, and 
especially the fatigue life. In fact, it is known that the 
adhesive strength of chips mounted with low melting 
point solder consisting of Sn-Bi is lowered. (about 1/10 
degree in comparison with the conventional method)

Therefore, we considered using low melting point 
solder that contains resin. It consists of low melting 
point solder and epoxy resin. Conductivity is provided 
by low melting point solder, and adhesive force is in-
creased by resin. That means the connectivity level is 
the same as normal low melting point solder and the 
epoxy resin makes up for bonding strength, which 
otherwise becomes lower due to Bi. Figure 2 displays 
the sectional picture of chip mounted by low melting 
point solder with resin. From this picture, it is appar-
ent that epoxy resin covers the solder while improving 

the adhesive strength. As a result, the adhesive 
strength of low melting point solder with resin is dou-
ble that of normal low melting point solder.

Finally, the structure of the new method was decid-
ed as Fig. 3. The procedure to mount chips is as fol-
lows.

1)  Dispensing of the low melting point solder with 
resin

2) Mounting chips
3) Curing the low melting point solder with resin
Remark) The lands are formed with new material in 

a screen-printing process such as circuits or resist 
printing.

Conventional methods need to coat chips with resin, 
therefore coating and curing processes are needed. 
However, the new method can reduce these process-
es, and thus reduce the manpower and process costs.

Comparison of the materials, process and character-
istics of the conventional and the new method is shown 
in Table 1. The new method realizes good connectivity 
and adhesive strength reaches the same level as in the 
conventional method. Figure 4 shows the connection 
resistance in a high humidity test (60 °C 95 %RH¥1000 
h). In the case of the conventional mounting method, 
the connection resistance increases with time, while in 
the case of the newly developed method, the connec-

Fig.2. Cross section of mounting chip by low melting point 
solder with resin. 
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tion resistance remains minimal and constant. Addi-
tionally, the newly developed method can reduce the 
mounting space. 

3. New mounting process 

3.1 Dispensing and mounting process

Solder is normally coated by printing method using 
metal mask, however, this time we applied the dis-
pensing method to coat the new material, low melting 
point solder with resin. While applying dispensing 
method, alignment marker can be put on each product 
or each dispensing point of solder, and each position 
to dispense can be adjusted on a scale of each product 
or each dispensing point of solder with this alignment 
marker.   However, the amount of the new material to 
be dispensed may vary on each dispensing point. The 
less the dispensing amount of the new material is, the 
more the adhesion of chips is lost, because the content 
of resin also becomes low. On the contrary, if the dis-
pensing amount becomes high, the solder component 

is pushed out of the land and remains as solder ball, or 
the resin component lifts up the chip and makes it 
move. Therefore, we have determined the range of 
dispensing amount and controlled it closely.

The chips are mounted in the next step. Care must 
be taken with the mounting position in this process. 
Nevertheless, the new material has an advantage in 
aligning chips. It can align the chip position by surface 
tension like normal solder, making it simple to man-
age the chip position.

3.2 Curing process

After the chips are mounted, they are heated to melt 
the solder component and cure the resin.

Peak temperature and heating time should be close-
ly monitored in this process. The peak temperature 
must be set up to higher than the melting point of the 
solder, 139 °C. As for heating time, a defi nite period of 
time is needed to harden the resin suffi ciently.

The rate of temperature increase must also be con-
trolled. The new material contains both the solder and 
the resin, so as the solder melts, the resin is cured. If 
the temperature rises slowly, the resin is completely 
hardened before the solder melts. As a result, the sol-
der ball cannot joint together. Thus, rising tempera-
ture rate is a concern to the behavior of the solder.

The thermal analysis of the material was done to 
better understand the behavior of the solder and resin 
component during the heating process. Figure 5 shows 
the differential scanning calorimetry (DSC) curve 
while the material was heated by 0.5 °C/sec from 25 
°C to 160 °C and kept for three minutes. The positive 
area of the graph indicates the absorption of heat, and 
the peak at about 140 °C indicates the melting point of 
the solder. Conversely, the negative area represents 

Table 1. Comparison of conventional and new mounting method.

Item Conventional method New method

Material
Conductive adhesive (Ag fi ller, Epoxy resin) Low melting point solder with resin

(solder of Sn-Bi type, Epoxy resin)Encapsulation resin (Epoxy resin)

Process

1. Dispensing conductive adhesive
2. Mounting chips
3. Curing conductive adhesive
4. Coating encapsulation resin
5. Curing encapsulation resin

1.  Dispensing low melting point solder 
with resin

2. Mounting chips
3.  Curing low melting point solder with 

resin

Characteristic

 Connection resistance (Ω) 0.50 0.10

Shear strength (N) 25 22

Durability for bending Minimum Φ5mm Minimum Φ10mm

Mounting space 3¥4 mm 1.5¥3 mm

Feature

Merit 1. High durability for stress
1. High conductivity
2. Small mounting space
3. Few processes (Low man-power)

Demerit

1. Low conductivity
2. Large mounting space
3. Many processes (high man-power)
4.  It’s diffi cult to mount some chips like 

small size and narrow gap of terminal.

1. Little low durability
    (compared with conventional method)

Fig.4. Connection resistance in high humidity test.
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the heat evolution as the resin is cured. Therefore, the 
resin is the best cured at about 160 °C, or the negative 
peak. However, to the left of the 140 °C peak, the heat 
amount falls after the temperature reaches 100 °C. 
This indicates the resin begins to cure before the melt-
ing point of the solder. Solidifi cation of the solder can-
not occur if the curing resin is too extensive. For that 
reason, this should be prevented.

DSC curves of different rising temperature rates 
were monitored. Figure 6 shows the DSC curves which 
were monitored while the material was heated by 0.1, 
0.5, 1.5 and 3.0 °C/sec from 25 °C to 160 °C and kept 
for three minutes. The melting point of solder moves 
towards higher temperatures with increased rising 
temperature rate. In case of both 1.5 and 3.0 °C/sec, 
the rate is so high that the reaction of the solder can-
not follow the temperature shift. The peak of absorp-
tion of heat also rises with a higher rate. The reason is 
that the time to melt the solder is not the same in each 
case. When the rising temperature rate increases, 
melting time of solder becomes shorter and the peak 
of absorption of heat becomes higher. In contrast, 
when the rising temperature rate is lower, melting 
time becomes longer and the peak of heat absorption 
decreases. However, in both cases, the amount of heat 

absorption remains constant.
From these results, the relationship between the 

level of curing resin before the melting point of solder 
and the rising temperature rate was examined. The 
amount of change in enthalpy (GH, Fig.7) was calcu-
lated to quantify the level of reaction of curing resin 
before the solder melting point. The relation between 
GH and the rising temperature rate is shown in Fig. 8. 
Because heat evolution occurs while the resin is being 
cured, the relation is indicated in the negative area as 
the heat amount. GH shows a negative value for a rate 
of 1.0 °C/sec or less, indicating the resin is cured. 
However, GH for rates more than 1.5 °C/sec is zero, 
meaning no curing is taking place. That means the sol-
der may not melt at the rate of 1.0 °C/sec or less, how-
ever, it will certainly melt at more than 1.5 °C/sec. 
Consequently, it was decided to manage the rate at 
more than 1.5 °C/sec.

In the conventional mounting method, a batch oven 
has been used in the curing process, because conduc-
tive adhesive requiring a prolonged heating time has 
been applied. However, a batch oven cannot regulate 
increased rising temperature rates, so a conveyer style 
oven that can control this rate was chosen. The new 
oven also features far infrared radiation heaters, giving 

Fig.5. DSC graph of low melting point solder with resin.
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Fig.6. DSC graph for four rates of rising temperature.
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Fig.7. Change in enthalpy before melting solder.
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Fig.9. LED mounting sample.
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Table 2. Reliability test items.

 Item Test condition Evaluation items

Heat +80 °C¥1000 h

1.  I-V graph of 
LED

2. Shear strength

Cold -40 °C¥1000 h

High 
humidity

+65 °C, 95 %RH¥1000 h

Thermal 
shock

-40 °C¥1 hC+80 °C¥1 h, 
200 cycles

Migration 
test

+65 °C, 95 %RH, DC5 V¥240 h

1.  Monitoring the 
ion migration

2.  Inspection of 
appearance

Knocking 
test

Force 1 kgf, Knocking speed 3 
Hz, Number of knocking 10,000

1.  I-V graph of 
LED

2. Shear strengthVibration test

Frequency 10~55 Hz, Amplitude 
1.5 mm,

Change in frequency 1 Hz/sec,
Direction of vibration X/Y/

Z(each2h)
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it the ability to cure the resin well in a short time. As a 
result, a reduction in overall heating time has been 
achieved.

4. Reliability test
Sample with an LED for reliability tests is shown in 

Fig. 9. Test items are displayed in Table 2, including 
four kinds of environmental tests (Heat, High humidi-
ty, Cold, Thermal shock), a knocking test, a vibration 
test and a migration test. 

Before and after results for I-V graphs are shown in 
Fig. 10. All graphs exhibit normal shape. Figure 11 dis-
plays the shear strength before and after the testing, 
and shows all data as equal. In the migration test, it 
was found that ion migration did not occur in all test 
samples (N=16 pcs).

5.  Application to the mass production and fu-
ture plan
We have applied this technology to mass production 

for mounting LEDs of 1608 size in the operation 
switches for digital home appliances. Small-sized chips 
and narrow terminal gaps, which were diffi cult to be 
mounted by conventional mounting method are able 
to be mounted with the new method. We have been 
investigating mounting smaller-sized chips (1005 size) 
like Fig. 12, or IC chips that have a narrow terminal 
gap like Fig. 13, as well as connector chips.

The membrane could be used in more applications 
if these varieties of chips were successfully mounted 
with this newly developed method.

6. Conclusion
We have developed a new chip mounting method 

that has high conductivity and mechanical strength 
without encapsulation resin, and then applied it to 
mass production. This technology has resulted in a re-
duction of the mounting space, and so the membrane 
has been able to be downsized. In addition, it has 
mounted smaller chips and IC chips with narrow ter-
minal gaps that conventional technology was not able 
to mount. Therefore, this membrane could be applied 
to various applications more and more instead of 
FPC.
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Fig.12. Chip of 1005 size and LED mounting samples.

(a) LED of 1005 size

(c) Cross section of mounting LED of 1005 size

(b) Resistor of 1005 size
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Fig.11.Reliability test of shear strength.
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Fig.13. IC chip mounting samples.
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