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1. Introduction

Embedded passive technologies can cause a reduc-
tion in the total number of surface-mounted passive
devices. This reduction allows high-density intercon-
nection and reliability of high-speed signal transmis-
sion. Therefore, considerable research and develop-
ment has been made on this technology 1).

The technology to fabricate passive devices inside
the board can be classified into two main groups. One
is to mount ready-made passive devices inside the
board. This method is utilized to embed devices
inside rigid printed circuit board that has enough
thickness to embed thick ready-made passive
devices. The other method is to fabricate passive
devices inside the board 2). The passive devices are
fabricated by the same process as used for drawings
on the board, since the thickness of the passive
devices is less than that of ready-made passive
devices. In this paper, we report the embedded capac-
itors, inductors, and resistors in the multilayer FPC.
Each device was fabricated by latter technology in
order to take advantage of the thinness of FPC.

2. Capacitor

Figure 1 shows a schematic illustration of the
embedded capacitor, which has four conductor lay-
ers. Layers 2 and 3 are etched to form an electrode
for embedded capacitors. Figure 2 shows a cross-sec-
tional view of the embedded capacitor. Dielectric
resin, which was interleaved by copper foils of layers
2 and layer 3, appeared ash gray in color. This is
caused by the color of ferroelectric ceramic fillers
that are doped in this resin to attain higher dielectric
value. The electrodes of the capacitor were connected
to the circuit of surface layer by the plated through

holes (PTH).
The capacitance is calculated from the following

equation:

C = εS/d ..........................(1)

C is the capacitance, ε is the dielectric constant, S
is the electrode area, and d is the interelectrode dis-
tance.

As shown in formula (1), the capacitance increased
in proportion to the electrode area.
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Fig. 1.  Schematic illustration of an embedded capacitor.
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Fig. 2.  Cross-sectional view of an embedded capacitor.



The relationship between measured capacitance of
embedded capacitors and electrode areas is shown in
Fig. 3. From these results, the capacitance of embed-
ded capacitor could be controlled by the design of the
pattern of electrode area in the range of 36.5-1310 pF.

The thickness of the embedded capacitor, shown
in Fig. 2 as an arrow (⇔), was about 65 µm.

The photograph of the four-layer FPC embedded
inside the capacitor is shown in Fig. 4. The thickness
of this four-layer board was 220 µm.

3. Inductor

Some layout examples of embedded inductors are
shown in Fig. 5 3). Meander inductor (a) can be
formed in a single-layer configuration. Spiral inductor
(b) and solenoid inductor (c) have 3D structures. The
framework of solenoid inductor is made up of many
interlayer connections via holes, so solenoid inductor
is not easy to realize using the conventional process.
Spiral inductor is fabricated by a multilayer process,
and inductance per unit area of spiral inductor is larg-
er than that of single-layer configuration inductor due

to the enhanced inductive coupling between neigh-
boring pattern. In this work, we focused on spiral
inductors.

Figure 6 shows a calculation model of spiral induc-
tor. The inductance of this model, which has different
dielectric constants of dielectric material A, is calcu-
lated by high-frequency structure simulator (HFSS)
as a function of operating frequency. The relative
dielectric constant of material B is fixed as 3.3. The
results are shown in Fig. 7. The resonant frequency
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Fig. 3.  Relationships between electrode surface area and
capacitance.

Fig. 4.  Photograph of a capacitor-embedded FPC.
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Fig. 5.  Schematic illustration of layout examples of embedded
inductors.
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Fig. 6.  Schematic illustration of a cross-sectional view of 
an embedded inductor.
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Fig. 7.  Simulated inductance as a function of operating fre-
quency for different dielectric constants of material A and

material B, which are shown in Fig. 6: 
( ) dielectric constant of material A < dielectric constant of

material B, 
( ) dielectric constant of material A > dielectric constant of

material B.



was shifted to higher frequency as the dielectric con-
stants of material A attain higher value.

Therefore, when inductors and capacitors are
embedded in the same multilayered board, the dielec-
tric layer of the embedded capacitor, which has a
high dielectric constant, would affect the properties
of the inductor. The multilayered board, which is
shown schematically in Fig. 8, was examined. The
diameter of PTH was 200 µm and the diameter of a
land of PTH was 600 µm. Both the width and the
space of the conductor of the coil were 75 µm. Figure
9 shows the calculation result of the inductance based
on the calculation model as shown in Fig. 8. There is
a sharp resonance peak near 3 GHz of inductance,
which is caused by stray capacity.

The characteristics of inductor are negatively
affected by resonance, so operating frequency should

be limited below the resonant frequency.
The embedded inductors were so designed that

the resonance point may exceed a GHz order by the
simulation.

The measured and simulated inductance value of
the embedded inductors at 2.45 GHz is summarized
in Table 1. The measured values were 20% less than
the designed values, but we expected to reduce the
gap by further examining the measuring and simulat-
ing conditions.

4. Resistor

The technology to fabricate resistors inside the
board can be classified into two main groups. One
method is to form a thin-film resistor between copper
circuitries by the etching process, as shown in Fig.
10(a) and (b), and the other is to form a carbon resis-
tor between copper circuitries by the printing
process, as shown in Fig. 10(c) and (d).

This paper examined the thin-film resistor. As
shown in Fig. 10, the thin-film resistor is formed
between an insulating layer and copper. Copper and a
thin-film resistor were etched simultaneously by acid
etchant. After forming a pattern including a resistor
and copper, the copper on resistor part was removed
by using alkali etchant. The photograph of a resistor
is shown in Fig. 11. The resistor shown in Fig. 11(a)
is the linear resistor and that shown in (b) is meander
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Fig. 8.  Schematic illustration of cross-sectional view of 
an embedded inductor.
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Fig. 9.  Simulated inductance as a function of operating 
frequency.

Table 1.  Comparison between measured inductance and
designed inductance of the embedded inductor.

Designed value (nH) Measured inductance (nH)

5.2 4.3

6.3 5.1

8.5 7.3
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Fig. 10.  Schematic illustration of embedded resistors: (a)
cross-sectional view of thin-film type, (b) top view of thin-film

type, (c) cross-sectional view of carbon resistor, and (d) top
view of carbon resistor.
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Fig. 11.  Photographs of resistors: (a) straight line and 
(b) meander.
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line resistor. Since the meander resistor can form a
long circuit pattern per unit area, it can realize a high-
resistance value.

The value of resistance R is

R = µL/(D·h) ......................(2)

L is the circuitry length, µ is the resistivity, D is
the circuitry width, h is the thickness.

The thickness of the thin-film resistor, h, was 40
nm, and the resistivity, µ, was unique to the material.

The relationship between L/D value and resistance
is shown in Fig. 12. The segment enclosed within the
dotted line of the high-resistance area in Fig. 12 is the
resistance of meander line type resistor shown in Fig.
11.

As shown in Fig. 12, the resistance of thin-film
resistor can be controlled by the L/D ratio. Figure 12
also shows that the resistance is independent of the
topology, linear and meander.

5. Conclusion

Passive device embedded flexible printed circuit
board is presented. The capacitance of embedded
capacitor depends on its design of electrode areas
and the resistance of embedded resistor depends on
the L/D ratio. The properties of embedded capacitors
and the resistors appear to depend on the feature size
of the devices.

The property of the embedded inductor was able to
estimate in the operating frequency beforehand by
the simulation (HFSS).

The four-layered FPC that embedded integrated
capacitor has a thickness of 220 µm and a flexible
property.

Taking advantage of such a characteristic, it is
expected that the passive-component self-contained
FPC can contribute to a next-generation high-density
packaging.
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Fig. 12.  The measured resistance as a function of feature size
of resistor (L/D).


