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Mounting Technique of 0402-Sized Surface-Mount 
Device (SMD) on FPC

Tomofumi Kitada,1 and Yoshihito Seki1

A reduction in the size of surface-mountable passive devices from current 0603 to 0402 is 
expected as electrical appliances are miniaturized. Flexible printed circuits (FPCs) are used in 
electrical appliances equipped with three-dimensional wiring boards on which various surface- 
mount devices (SMDs) are soldered. With this being the situation, we established a series of 
constituent technologies from pattern designing to reflow soldering processes to achieve the 
mounting of 0402-sized SMDs on FPCs. 

1. Introduction
Electrical appliances, such as mobile phones, mo-

bile audio players, and digital cameras, need to have 
more functionality while being miniaturized. For this 
purpose, various technologies have been developed to 
reduce the number of printed circuit boards in the 
electrical appliances and to downsize the boards. One 
of such technologies is high-density mounting, and ef-
forts to downsize the surface-mount devices (SMDs) 
and increase the board density are underway. For pas-
sive chip devices, such as laminated ceramic capaci-
tors (LCCs) and resistors, their sizes have been de-
creased from conventional 1005-size (1.0 ¥ 0.5 ¥ 0.5 
mm) and 0603-size (0.6 ¥ 0.3 ¥ 0.3 mm) to 0402-size 
(0.4 ¥ 0.2 ¥ 0.2 mm) as shown in Fig. 1. Various types 
of Flexible Printed Circuits (FPCs) as wiring boards 
are currently used in the electrical appliances as men-
tioned at the beginning of this report. For the mobile 
phones, FPCs are used as signal lines between an LCD 
and a main board. FPCs are necessary components 
not only for conventional clamshell (foldable)-type 
phones but also for slide-out phones, which have been 
increasing in number in recent years. Moreover, vari-
ous types of SMDs are mounted on FPCs to achieve 
both low profile and high functionality. Although 0603-
size is currently the smallest among chip devices 
mounted on FPCs, we predict that mounting technique 
of 0402-sized SMDs on FPCs will be necessary in fu-
ture. Then, we launched the development of 0402-sized 
SMDs mounting on FPCs to establish a series of con-
stituent technologies that include designing patterns 
of FPCs, printing solder paste, and reflow soldering.
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2. Design of pads

2.1 Pad size

The Cu part exposed on the surface of a circuit 
board, which is called Cu pad, needs to be built in the 
appropriate size to mount chip devices on an FPC. In 
light of high-density mounting, it is necessary to de-
crease the pad size as much as possible and narrow 
the gap between the devices. However, in light of re-
ducing faulty soldering or improving soldering reli-
ability between the electrodes and pads, it is important 
to enlarge the pads and soldering area 1). Figure 2 
shows two different pad designs. For the design of 
type A, pad lengths are increased (L=25μm) on both 
sides. For the design of type B, the lengths are the 
same as the outline of the chip device (L=0μm). On the 
other hand, we designed three types of fillet widths 
(W), which are 0.10, 0.05, and 0.00 μm. Figure 3 shows 
the appearance of six pads for which L and W are dif-
ferent. The distance between two pads is 0.15 mm in 
both types of chips.

2.2 Opening of solder resist

The surface of FPCs is covered with an insulation 
layer called solder resist to keep insulation among the 
Cu patterns. Therefore, the resist must be stripped off 
to form the pads for soldering. Figure 4 shows the two 
types of openings. For type A (pattern-type), the open-
ing is formed outside of the Cu pattern, so the pad fig-
ure is determined by the Cu pattern. On the other 
hand, for type B (resist-type), the opening is formed 
inside of the Cu pattern, so the figure is determined by 
the opening of the resist. Each design has both merits 
and demerits, and the appropriate type is selected ac-
cording to the specifications of FPCs, so we evaluated 
both types of pads; hereafter, the former will be called 
pattern-type pad (A) and the latter resist-type pad (B).

3. Solder paste
Solder paste printing with a stencil is commonly 

used to feed solder on pads. The paste is made of mix-
ture of fine solder particles and flux. In the mounting 
of chip devices of the conventional sizes, a typical 
thickness of the stencil is over 100 μm. However, a 
paste thickness of 100 μm is too much for the mount-
ing of 0402-sized SMDs, so a stencil thickness between 
60 and 80 μm, which is even thinner than 100 μm, is 
more suitable to the mounting. Accordingly, finer sol-
der particles are required for such a thin stencil. Table  
shows the major properties of a solder paste we have 
used. Although the common particle size of solder 
paste is 25 - 40 μm, we used a solder paste containing 
particles ranging in size 20 - 32 μm for this work.

The demand of customers, mainly from overseas, 
for a halogen-free (Cl £ 900 ppm, Br £ 900 ppm, Cl + 
Br £ 1500 ppm) solder paste has been more than be-
fore. Therefore, a halogen-free paste was used for this 
developmental work.

4.  Influence of mounting conditions on the as-
sembly yield

4.1 Outline of the evaluation

We used 0402-sized surface mountable LCCs for the 
mounting evaluation. One of the important factors that 
affect the mounting quality is the mismatch of the posi-
tions between the printed solder paste, mounted 
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Fig. 5. Solder paste and SMDs.
(They are displaced from the initial position)
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Fig. 4. Comparison of resist openings.

Table. Specifications of solder paste.

Solder alloy Sn - 3.0wt%Ag - 0.5wt%Cu

Melting point of solder 217 °C

Size of solder particles 20 ~ 32 μm

Viscosity 180 Pa.s

Flux content 11.5 %

Thixotropy 0.6

Panel 1. Abbreviations, Acronyms, and Terms.

FPC–Flexible Printed Circuit
SMD–Surface-Mount Device

LCC–Laminated Ceramic Capacitor
PWB–Printed Wiring Board
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SMDs, and the Cu pads of FPCs. In particular, the ex-
pansion and the contraction of FPCs are more than 
those of rigid printed wiring boards (PWBs) because 
the FPCs are composed of thin materials. Therefore, 
the mismatch of the positions on FPC boards tends to 
occur more often compared with PWBs and thus leads 
to low yields. As shown in Figure 5, displacing the sol-
der paste and devices from the proper position on the 
pads and subjecting them to the reflow process is an 
effective way to evaluate the influence of the mismatch. 
In this evaluation, solder paste and chip devices were 
displaced -50 and +50 μm from the pads in both X and 
Y directions, respectively, and the appearance of the 
chips was observed after reflow.

4.2 Influence of preheat time

Figure 6 shows two different reflow profiles that 
have different preheat times. Preheat conditions were 
set at 130 - 200 °C for 40 to 60 seconds. Figure 7  
shows the number of open circuit failures and the 
breakdown of the failure modes of every pad size in 
each profile. As examples of the failures in Fig. 8 show, 
displacement of devices, such as tombstone, rotation, 
and cold joint on the electrodes, was observed. The 
number of failures with type-A pad was much smaller 
than that with type-B pad, so it was apparent that the 
difference of the pad length (50 μm) affected the sol-
dering quality. Most failures with type-B pad were 
caused by a lack of solder wettability on the SMD’s 
electrodes. Moreover, unmelted solder and extremely 
small solder balls appeared around the devices as 
shown in Fig. 9. These failures were caused by oxi-
dization of solder particles. As shown in Fig. 7 (b), it 
was found that solder wettability on the electrode was 
improved by reducing the preheat time to 40 seconds. 
In addition, the number of solder balls decreased as 
shown in Fig. 10. While the 40-second preheat time is 
very short in comparison with the conventional reflow 
profile, we think it is reasonable. The volume of print-
ed solder paste on the pads for 0402-sized SMDs was 
only about 1/10 of that for 1005-sized SMDs. As a re-
sult, the ratio of surface area to the solder volume be-
came large; we think that the surface of solder parti-
cles was easily oxidized and the solder wettability on 

Fig. 7. Comparison of the number of failures (Air reflow).
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Fig. 8. Examples of open circuit failures.
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the electrodes became insufficient for the 0402-sized 
SMDs. Therefore, the preheat time should be shorter 
than the one usually required, although the appropri-
ate time is dependent on the property of each solder 
paste. The number of solder balls that appeared around 
the devices varies depending on the shapes of opening 
of the resists. Figure 10 shows that more solder balls 
appear on the resist-type pad compared with the pat-
tern-type pad. This difference is attributable to the sur-
face tension of the solder on the resist, where the sol-
der balls left on the surface of the resist remain when 
the solder melts and flocculates.

5. Nitrogen reflow
Nitrogen reflow is the most effective way to prevent 

oxidization of solder particles. Figure 11 shows the 
number of failures and the breakdown of failure modes 
in the environment of the preheat time for 60 seconds 
and in an atmosphere of nitrogen during reflow pro-
cess (the concentration of oxygen is less than 500 
ppm). In nitrogen reflow, the solder wettability on the 
electrodes was significantly improved; however, we 
found that tombstone failures occurred at a high fre-
quency. Various parameters are responsible for tomb-
stone failures. As shown in Fig. 12, when the moment 
is unbalanced (T1+T2 < T3), turning force acts on the 
chip device and pulls it up 2). For the 0402-sized SMD, 
the weight is very light, which is 1/10 of the 1005-sized 
SMD. So its T1 is very small and thus the tombstone 
phenomenon tends to occur. Moreover, in nitrogen 
reflow, as oxidization of solder and electrodes of the 
SMD is inhibited, the solder that has larger contact 
area with an electrode of the device (on the right in 
Fig.12) melts faster than the solder that has smaller 
contact area with the other electrode (on the left). This 
means that T3 acts on the joint area between the solder 
and the device faster than T2. We conclude that such 
mechanism controls tombstone phenomenon.

6. Solder joint strength
We carried out two tests by measuring shear 

strength between chip components and Cu pads. One 
was the comparison of shear strength among three 
types of chip sizes at room temperature, and the other 
was the comparison of shear strength among six Cu 
pads in different designs using 0402-sized SMDs be-
fore and after a thermal cycling test. Figure 13 shows 
the comparison of shear strength among the three 
types of chip sizes. The tool height and the speed of 
applied force were 50 and 300 μm/s. As for the shape 
of pads, we applied our current design to 1005 and 
0603 size, and A1 pad to 0402 size. The results of the 
test show that the strength of 0402-sized SMDs 
dropped to about 30 % of that of 1005-sized SMDs and 
45 % of that of 0603-sized SMDs. Figure 14 shows the 
results of the thermal cycling tests. The test was con-
ducted to 2000 thermal cycles at -55 °C for 15min and 
125 °C for 15 min. At room temperature, the strength 
increased with an increase in fillet width (W), and the 
shear strength of type-A pad was relatively higher than 
type-B pad. In contrast, the strength after thermal cy-
cling test was reduced to 50-60 % of that before the test, 
and especially, the shear strength of the small pads 
(A3, B2, and B3) was less than 100 gf after the test. 
The observation results of breakage mode after the 
shear tests indicate that most breakage occurred in 
the chip electrode area at room temperature, whereas 
most breakage occurred in the joint between solder 
and fillets after the chips underwent thermal cycling 
tests. From these results, it is considered that deterio-
ration in soldering strength was accelerated by ther-
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Fig. 12. Mechanism of tombstone phenomenon.
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mal expansion and contraction. So enhancing solder-
ing strength is possible by increasing the width of a 
solder fillet as described above. It is necessary to es-
tablish the specifications according to each application 
and to design the pad in the appropriate size. In high-
density mounting, because the expansion of pad width 
is limited, the coating of chip devices with reinforcing 
resin should be considered.

7. Conclusion
We have acquired some knowledge about mounting 

0402-sized SMDs, such as recommended pad design, 
and reflow condition. Figure 15 shows the example of 
0402-sized SMD mounted on an FPC, which is very 
similar to a mass-produced model. Now, mounting 
various types of devices on the same FPC has become 
possible by applying our knowledge. The technique 
for mounting extremely small chip devices is essential 
for FPCs to play an important role not only as a wiring 
board but also as a module device that accommodates 
various devices. We will contribute to further miniatur-
ization of electronic devices with more functionality.
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Fig. 15. Example of 0402-sized SMD on FPC with other devices.
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Fig. 13. Comparison of shear strength among three SMD sizes.


