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1. Introduction

Flexible printed circuits (FPCs) that have very thin
thickness and light weight are adopted in modern
electronic devices, such as a mobile phone, a digital
camera and so forth. Recent miniaturized portable
devices promote the demands  for FPCs. Until now,
connectors and anisotropic conductive films (ACFs)
have been used in the interconnection technology
between an FPC and a rigid printed circuit (RPC).

On the other hand, rigid-flex board (R-F board)
united with FPC and RPC has also been used in such
devices recently. One of the advantages of R-F board
is the reduction of connection areas because of the
FPC contained in the RPC. However, the build-up R-F
boards cause long process periods and very compli-
cated operations.

Board-to-board interconnection between FPC and
RPC can easily realize an R-F board structure.  Its
process can be simplified compared with the build-up
R-F board production. Moreover, it brings in more
flexible design such as flexible board shape, free
number of layers and free connected location. The
authors have focused on board-to-board interconnec-
tion with solder bump instead of connectors and
ACFs, which has been used in flip chip (FC) bonding
technology1) 2).

2. Technology of Board-to-board
Interconnection

The greatest advantage of the connector is its
detachablity after the interconnection. Currently, con-
nectors are being used even if the connection point is
not designed to be detachable. Generally it is well
known that the connector occupies more space on
the board, especially in terms of height. Moreover,
the finest pitch of connectors is generally 0.3 mm, so

FPC less than 0.3 mm pitch cannot be applied. In our
opinion, this is a harmful limitation to the flexible
design.

The ACF is a film made of of thermosetting resin
including conductive particles, which has also been
commonly used. In the case of board-to-board inter-
connection, the ACF is heated and pressured
between two electrodes. Then, the particles held
between the electrodes produce electrical conduc-
tion. The hardened resin has enough strength to per-
form at the same time. The special feature of the ACF
is its capability to provide fine pitch connection of
about 0.1 mm. However, the conduction depends only
on the physical contact among the electrodes and the
conductive particles. It is generally known that a high
resistance of the connection point is observed. 

3. Board-to-board Interconnection with Solder
Bump

One of the features is that FPC can be connected in
reflow process with other surface mount devices
(SMDs) on the board. Another feature of solder
bump is lower resistance of the connection point than
ACF.

The process of board-to-board interconnection with
solder bump is shown in Fig. 1. The solder bumps are
formed on the electrodes of FPC and coated with
flux. Then, the electrodes with solder bumps are con-
nected with the electrodes of another FPC in reflow
process. In this process, the distance between two
electrodes must be kept the height of solder bump.
After that, the spaces among the neighboring elec-
trodes are filled with underfill resin to realize the
highly reliable connection performance.
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4. Solder Bump

4.1 Bump-Forming Process

The solder paste that becomes the solder bump in
later process is formed on the electrode by screen-
printing method. The process is shown in Fig. 2. A
stencil having many openings is set on the FPC, and
the openings are filled with solder paste with a

squeegee. Compared with the case of SMD bonding,
the openings have a high aspect ratio that is the pro-
portion of the thickness of the stencil to the width of
the openings. It is generally known that the openings
are hard to be filled with solder paste in case of high
aspect ratio. Then, the printing pressure is set higher
than the condition of SMD bonding to fill the solder
paste in the full openings. 

Thus, solder paste is formed in the bump shape on
the electrodes when the stencil is removed off the
FPC. It can be easily destroyed because it is close to
the liquid, and there is the risk of its touching the
neighboring solder paste. To prevent this, a reflow
process is indispensable to make it a solid solder ball,
which is shown in Fig. 3.

4.2 Voids within the Bump

It is known that voids within the solder bumps
should not exist from the viewpoint of reliability. Fig.
4 shows the X-ray image of solder bumps on the elec-
trodes. We could observe a few voids in the solder
bump. 

We estimate that water vapor results to be the
voids, which is generated by the chemical reaction
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(1) Solder bumps are formed on the electrodes of FPC-A.

(2) Solder bumps are coated with flux, and FPC-A is 
put on FPC-B. 

(3) FPC-A and B are connected in reflow process.

(4) Spaces among the neighboring electrodes are filled 
with underfill resin 
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Fig. 1. Process of Board-to-board Interconnection with Solder
Bump.

(1) A stencil is set on a FPC.

(2) Openings are filled with the paste with a squeegee.

(3) The stencil is removed off the FPC.

(4) Solder paste becomes solid solder ball in reflow process.
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Fig. 2.  Process of Screen-printing Method.

Fig. 3. Appearance of Solder Bumps.

Fig. 4. X-ray Image of Printed Solder Bumps 
on the Electrodes.

Anti-tarnish process Pb-free solder plating

Fig. 5. X-ray Images of Solder Bumps 
on the Electrodes.



between the flux in the solder paste and copper oxide
on the electrode. Then, we try to cover the electrodes
with anti-tarnish layer, and we also do Pb-free solder
plating. Fig. 5 shows the X-ray image of solder bumps
tried in the two ways. Compared with Fig. 4, the anti-
tarnish process provides no effect on the reduction of
the voids. We consider that it is because initial copper
oxide remains on the surface of the electrodes under
the anti-tarnish layers. On the other hand, voids seem
to have almost disappeared in the case of solder plat-
ing. It can be said that the solder plating blocks the
copper oxide from the flux. 

5. Results of Prototypes

Figure 6 shows the appearance of FPCs after the
interconnection. The 0.45-mm-diameter land elec-
trodes were located in triple inline. In the case of 30
electrodes, we could realize the connection space in
half area of connectors. Moreover, we could reduce
the height to one-third of the connectors.

The large deviation of the bump heights causes the
disconnection between the electrodes. Then, we mea-
sured the heights of solder bumps after reflow
process to investigate the effect of the deviation. The
result is shown in Fig. 7. The height deviation was
less than 10%. We consider this result small enough.
Figure 8 shows the cross-sectional view of solder
bumps. Two electrodes were strongly combined with
the bump, and no contact between neighboring elec-
trodes was observed. We also observed enough low
initial electrical resistance. 

Next we evaluated the reliability of the solder
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Fig. 6. Appearance of FPC after the Interconnection.
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Fig. 7. Histogram of Solder Bump Height.

Fig. 8. Cross Section View of Solder Bump after 
the Interconnection.
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Fig. 9. Result of Thermal Cycle Test.
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Fig. 10. Result of High Temperature and High Humidity 
Bias Test.

Table 1. Test Conditions

Test Condition

Thermal cycle test
−25°C/10min.⇔125°C/10min.

1,000cycles

High temperature and high 
85°C 85%RH, 50V, 1,000hours

humidity bias test 
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bump connection. A thermal cycle test, and a high-
temperature and high-humidity bias test were done
under the same conditions as those of R-F boards.
Table 1 shows the conditions. We evaluated the sam-
ples with anti-tarnish process and the Pb-free solder
plated samples. The results of thermal cycle test and
bias test are shown in Fig. 9 and Fig. 10, respectively.
We could find no rise of the resistance in both groups
of the samples. We consider that the voids in the
bumps cause no fatal effect to the reliability in this
examination. We could also find high insulation resis-
tance which is more than 10 MΩ. 

6. Conclusion

We have focused on board-to-board interconnec-

tion with solder bump and made prototypes of FPCs
with this method. As a result, we found that the inter-
connection with solder bump showed high reliability
which is same as that of the build-up R-F board. 

Board-to-board interconnection between FPC and
RPC can successfully realize the R-F board structure.
Moreover, it can provide more flexible design in
board shape, the number of layers and the connected
location.
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