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Abstract—Fabrication methods of planar printed circuits on fab-
rics are introduced and their electrical characteristics are mea-
sured and analyzed. Wet patterning method like screen printing
as well as dry process of sputtering are used to fabricate the pat-
terned film electrodes on various types of fabrics. The minimum
width of the patterns is 0.2 mm for screen printing and 0.1 mm for
gold sputtering, and the typical sheet resistance is 134 m� . Fab-
rication methods of capacitors of 1 pF–1 nF and inductors of 500
nH–1 H at 10 MHz on the fabrics are also introduced. Bonding
and packaging of silicon chip directly on the fabric circuit board
are proposed and their mechanical properties are investigated. The
ac impedance of the transmission line is measured as 201–215 �
with � �% variation, and the time-domain reflectometry profile
shows that the � dB frequency of the printed transmission line
of 15 cm on the fabric is 80 MHz. A complete system composed of
a fabric capacitor sensor input, a controller system-on-a-chip, and
an LED array display is implemented on the fabric and its opera-
tion is demonstrated successfully.

Index Terms—E-textile, fabric, electrical characterization of
fabric, packaging, planar-fashionable circuit board (P-FCB),
silk-screen printing, sputtering, transmission lines, wearable
computing.

I. INTRODUCTION

I T is widely expected that many portable electronic devices
such as cell-phones and MP3 players, now carried in the

pockets or arm bands, will be integrated in the clothes itself
for the convenience and mobility. Consequently, on the clothes
more functions than just climatic protection and a good look
are expected to be integrated in the near future. Although such
wearable computer concepts have been actively studied by many
research groups over the decades, still they are not fashionable
and comfortable to wear in daily life because of their bulky sizes
and bad human–computer interactions [1]. The e-textiles which
mean that the computing and communication functions are in-
tegrated into the textile itself, will be more flexible, unobtru-
sive, robust, small, inexpensive, washable, biocompatible with
human skin, and aesthetically acceptable [2].

There have been a number of e-textile researches focused on
conductive threads or yarns to integrate electronics into fabrics
[3]–[7]. Georgia Tech Wearable Motherboard (GTWM) used
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optical fibers to interconnect sensing, monitoring and informa-
tion processing devices together [3]. Massachusetts Institute of
Technology (MIT) and Virginia Tech studied woven metallic
organza or piezoelectric materials for the fabric keyboard and
music jackets [4], [5]. Cottet has studied electrical characteris-
tics of polyester yarns that are twisted with a copper (Cu) fil-
ament [6]. Jung and Locher proposed a conducting band in-
terconnection technology between textiles and electronics [7],
[8]. However, all of these approaches used just the conducting
threads or yarns for interconnection of electronic devices with
fabrics, and only perpendicular wiring structure is possible due
to the intrinsic characteristics of fabric weaving. In addition, the
insulating materials coating the conductive yarns in e-textiles
should be removed by the laser blowing process or by a mechan-
ical stripper to make the electrical junctions for the formation of
the circuit path [7]. These interconnection processes have to be
performed one by one resulting in low productivity and connec-
tion errors or electrical discontinuity are not negligible. In ad-
dition, for the integration of integrated circuit (IC) with fabric,
they placed the packaged chip on the interposer which felt stiff
and obtrusive because of its different hardness and temperature
expansion coefficients [7], [8]. Moreover, their limited fabric se-
lection restricts freedom in the aesthetic issues which are very
important in fashion industry.

Recently, Kim, et al. proposed a new paradigm of electronic
textile, planar-fashionable circuit board (P-FCB) [9]. They
apply thin and thick film processes on the fabric directly to
form the patterned electrodes for the integration of the elec-
tronics with fabric. In analogy, its direct circuit printing on a
fabric can be compared with the planar semiconductor process
which has replaced the bulk process. In addition, it is a new type
of package technology to integrate system-on-a-chip (SoC) on
the fabric very close to the human body. Once its reliability is
confirmed, the P-FCB may bring about thin, light, low cost,
and human compatible package containing electronics inside.
Since the thickness of the common fabric is 100 m and the
patterned films on P-FCB are 10 m thick, the packages can be
folded or wrapped freely like the plain clothes enabling P-FCB
technology to be the genuine e-textiles.

In this paper, the thick and thin film processes on fabric will
be proposed and their electrical characteristics will be evaluated
to investigate the performance and limits of the printing circuit
technology. In Section II, the test of the various types of fabrics
will be reported for the selection of the optimal fabric substrate
of the printed circuits. The dc and ac electrical parameters of
P-FCB transmission lines will be analyzed in Section III. The
passive circuit elements such as R, L, and C formed on the tex-
tile will be explained, and the bonding and packaging of the sil-
icon chip on P-FCB directly will be introduced in Section IV.
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TABLE I
VARIOUS TYPES OF FABRIC [11], [13]

In Section V, a system integration example integrating a SoC, a
fabric capacitor sensor, and LED arrays on a single cloth will be
introduced. Finally the conclusion will be made in Section VI.

II. PRINTING PLANAR CIRCUITS ON FABRIC

In this paper, the printing circuit technology including thick
and thin film technology is proposed for the integration of elec-
tronic devices on the fabrics. The thick film process is screen
printing, and the thin film process is sputtering deposition. The
proposed planar circuit printing approaches can make entire
electronic circuits on a planar fabric board at once and also re-
produce the identical circuit boards repeatedly, resulting in low
cost, high productivity, and high quality circuit board, just as the
electronic printed circuit board (PCB) technology does, which
makes the current electronic industry possible.

A. Fabric Substrate

Fabrics, woven with synthetic fiber, such as polyester (PES),
as well as natural fiber, such as cotton and wool, are tested for
the possible substrates of the planar-fashionable circuit board
(P-FCB), instead of polyimide or Flame Retardant 4 (FR4)
which are mainly used in electronic PCB [10]. However, the
detail electrical characteristics of the fabrics are not reported
in the recent literatures except only limited information related
with electromagnetic interference (EMI) shielding, static dissi-
pation, and resistive heater applications [11]–[14]. In this study
the fabrics made with cotton, wool, viscose, polyester (PES),
and polyacrylonitrile (PAN) are tested. Viscose is made with
fibers of regenerated cellulose obtained by the viscose process,
and PAN is fabricated with fibers composed of synthetic linear
macromolecules [13].

The electrical and geometrical parameters of the investigated
materials are summarized in Table I. Three types of polyester
fabrics with different yarn fineness and fabric density are used
in this experiment. The fineness of yarn is expressed with the
unit of “tex” which is defined as the mass in grams per 1000 m
(g/km), and the texes of the investigated materials are 4.4–43.
The electrical resistance of textile materials is strongly depen-
dent on the humidity of the environment. Table I shows the mea-
sured resistance values of the fabric samples at a relative hu-
midity of 35%. Practical dielectric permittivity of the fabric can
be extracted by measuring the capacitance values of the parallel
plate capacitors using the fabric as its dielectric material. Even

though it was known that the measured permittivity strongly de-
pends on the ratio of fiber and air, they are given from 1.3 to 5.4
at a relative humidity of 35% [11], [13].

The electrical resistance of film wire and the electrical sta-
bility of the electrical junction on the P-FCB are mainly depen-
dent on the roughness of surface of the fabric substrate. To re-
duce the resistance and to maintain the stability of connection,
the dense fabric with thin yarn is better. In addition, since con-
ductive ink consists of metal, e.g., silver, which dries rigid after
drying and firing, the elasticity of the substrate fabric may de-
stroy the integrity of the metal wire films on it. Therefore, PES
of type #3 in Table I with the densest fabric and the finest fiber
is chosen as the fabric substrate for P-FCB owing to its small
elasticity.

B. Thick Film Process: Screen Printing

Thick film process is a simple and low-cost process which
is well established in electronics industry to make complicated
electronic circuitry on the plastic boards [15]. In this paper, we
propose that the silk-screen process can be also applied to form
the circuit patterns onto fabrics. The standard thick film process
is comprised of printing, drying, and firing. These processes
have been widely used in textile industry to form embroider pat-
terns on the fabrics even before it was adopted to fabricate elec-
tronic PCB. The proposed technology, however, uses a conduc-
tive ink to form the electronic circuits rather than to use simple
colored ink to paint figures on the clothes. The conductive ink is
painted through the open areas of a mesh-reinforced stencil onto
the substrate fabric like the common silk screening process, and
alignment for geometric accuracy can be achieved with common
screen printing equipments. The conductive paste consisting of
silver, polymer, solvent, polyester, and cyclohexanone is used
as the silk screen ink due to its high conductivity and adhe-
sivity to the fabrics. Of course, its adhesivity can be varied with
the amount of adhesives in the ink. Table II shows the screen
printing parameters and Table III summarizes the characteris-
tics of the conductive ink. The firing process is performed below
150 C for 20–30 min to avoid the deformation of the fabric sub-
strate.

Fig. 1 shows the film wires of 0.2–1 mm width and 2 cm
length formed on the fabric. The minimum line resolution of
200 m can be achieved. The SEM image of the cross section
of the film wire on the fabric and its surface microphotograph
are shown in Fig. 2(a) and (b), respectively. In this experiment,
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TABLE II
SCREEN PRINITNG PARAMETERS

TABLE III
CHARACTERISTICS OF CONDUCTIVE INK (CHANGSUNG CORP. CSP-3163)

Fig. 1. Screen printed wires on fabrics.

the 100- m-thick polyester fabric is used as the fabric substrate
and the thickness of the film wire is 10 m.

C. Thin Film Process: Sputtering

Sputtering process can be used to form the high resolution cir-
cuits on the fabric. The gold (Au) target is used for the sputtering
with Ar inert gas plasma, and the fabric is rolled up on the roller
in the vacuum chamber. A shadow mask with the circuit patterns
formed in it is placed on the fabric, and Au atoms are sputtered
on the fabric passing through the mask to form the electrical
circuits. The vacuum level is torr and the substrate tem-
perature is 150 C. The minimum line width of the sputtered
patterns is 100 m and the thickness is 1 m. Fig. 3(a) shows an
example of 12 pin pads for IC packaging by sputtering process
and its surface microphotograph is shown in Fig. 3(b). Sput-
tering process provides electrically rigid connection and good
washing endurance, but when compared with screen printing,
its process is relatively expensive and time consuming. Since

Fig. 2. Ag screen printed P-FCB. (a) SEM image of the cross section 1500�
magnified). (b) Microphotograph of the surface 100� magnified.

the thickness of thin film wire is thin, the roughness of the fabric
surface is critical for the fine resolution of the patterns.

III. ELECTRICAL CHARACTERISTICS OF THE

PATTERNED CIRCUITS

Even though EMI shielding, static dissipation, and resistive
heater have used the conductor printing process on the fabric,
they are printed onto overall fabric surface without any specific
patterns [14]. The P-FCB is the first of the patterned conductor
printing on fabric for direct chip integration with fabric. In gen-
eral, it is difficult to use fabrics as the substrates of the circuit
boards because they are not as dense as the plastic boards and
not so rigid that they can be easily wrinkled. In addition, only
limited electrical properties about them are available so that it
is impossible to predict accurately their electrical properties as
the signal transmission medium.

In this paper, their electrical characteristics are investigated
in detail. In order to evaluate the performance and limits of
the signal transmission lines on the fabric, we fabricate parallel
film wires of the various widths, thickness, and the space be-
tween them. Their dc resistance, ac impedance, and maximal
signal frequency are investigated by time-domain reflectometry
(TDR) profile and frequency characterization. The dc resistance
of the line will give an idea of the overall conductivity of each
line while the TDR profile shows graphically the variations of
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Fig. 3. Au sputtered P-FCB. (a) Chip pads by sputtering process. (b) Micropho-
tograph of the surface 100� magnified.

Fig. 4. DC resistance versus wire length and thickness.

impedance along the lines. To investigate the frequency char-
acteristics, we measure the transmission properties with vector
network analyzer (VNA) up to 3 GHz. In addition, the low fre-
quency characteristics down to 100 MHz are measured in detail.
The crosstalk between two neighboring signal lines is analyzed
to check its signal isolation. In this study, all of the measure-
ments are performed with the screen printing P-FCB. Table V
summarizes the electrical characteristics of the fabric transmis-
sion line on P-FCB and its comparison with the previous works
of conductive yarn technology and thick film on nonwoven sub-
strates [6], [8], [16], and details will be explained below.

Fig. 5. Variance of resistance with washing.

Fig. 6. Cross-section of GSG coplanar waveguide.

Fig. 7. TDR measurement of transmission lines.

A. DC Resistance

The dc resistance of the film wire on PES fabric, type #3 of
Table III, with width of 1 mm, length of 2 cm and thickness
of 10 m is measured as 4.6 by the four-point probe tech-
nique [17]. The sheet resistance is 0.23 . Like the general
resistive wires, the dc resistance of the P-FCB is proportional to
the length and inversely proportional to its width and thickness.
The variation of resistance values in terms of the wire length and
printing times is shown in Fig. 4.

In wearable computer applications, the washing endurance is
very important to integrate electronic devices onto real clothes.
Coating of the passivation materials, for example, polyurethane,
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TABLE IV
EXTRACTED EQUIVALENT PARAMETERS

TABLE V
COMPARISON WITH CONVENTIONAL FABRIC TRANSMISSION LINES

Fig. 8. Frequency response at high frequency.

can improve the endurance of the P-FCB against chemical and
mechanical attacks like washing. Several tens of washing tests
including dry cleaning and water-washing with the detergent are
performed to the P-FCB fabrics. The samples without passiva-
tion experience thinning of its wire thickness or even the open
connections, and their resistance values increase up to 40 times
of its original value after about 20 washes. With the passivation
material coated, their endurance against washings increases up,
and the variation of the resistance values is less than 2 times of
their original values after 50 washes, as shown in Fig. 5. This
means that P-FCB degrades gracefully with time and usage in
its performance exactly the same way as the clothes on which
it is placed. That is to say, the P-FCB can be the integral part

Fig. 9. Frequency response at low frequency.

of the clothes and will be aged exactly the same as its hosting
clothes.

B. AC Impedance Characterization

To investigate the ac impedance characteristics, coplanar
waveguides (CPW) are formed on the fabric and are tested.
The ground–signal–ground (GSG) CPW consists of a signal
line paralleled by a pair of ground lines in each side on the
same plane as illustrated in Fig. 6, [18]. We fabricate various
configurations of the transmission lines such as one or two
ground lines. The , the thickness of dielectric substrate, i.e.,
fabric, is 100 m and the , thickness of the printed wire, is
10 m. The , line width, and the , space between the signal
line and the ground line, can be varied.
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Fig. 10. Frequency response with wrinkle.

Fig. 11. Diagram of a wrinkled fabric.

Fig. 12. Crosstalk between two signal lines.

Frequency dependent impedance is measured with TDR
using a Tektronix TDS 8000B. SMA connectors are soldered
on the various kinds of the fabrics, and their measurement
results are shown in Fig. 7. For the signal transmission, no
impedance variation along the transmission line is more crit-
ical rather than the impedance value itself to avoid signal
reflections. The variation of impedance along the transmission

Fig. 13. Resistor and inductors. (a) Resistor (� � �� ��. (b) Square inductor
(� � ��� nH at 10 MHz). (c) Octagonal Inductor (� � ��� nH at 10 MHz).

line on cotton fabric is measured as % and that on type
#2 PES fabric in Table III is %. The equivalent parallel
capacitance , for example, 3.28 pF for PES #3, and series
inductance , 133.7 nH for PES #3, of the sample transmis-
sion line with 15 cm length are obtained by using TDR signal
propagation time and the characteristic impedance . The
extracted values including the relative effective permittivity
for various fabrics are listed in Table IV.

C. Frequency Characterization

S21 parameters for 15-cm-long lines are measured with
vector network analyzer (VNA) up to 3 GHz to investigate
the frequency characteristics of the transmission lines. The
periodical attenuation shown in Fig. 8 comes from impedance
mismatch along the transmission lines. Its bandwidth, defined
as the frequency range from 0 Hz up to the first notch below

dB in the frequency response, is 80 MHz. The detail re-
sponse of the transmission lines at a low frequency from 0 Hz
to 100 MHz are also shown in Fig. 9.

To investigate the variation of the frequency responses with
bending or twisting of clothes, S21 parameters of the transmis-
sion lines on a wrinkled fabric are measured, and its results are
shown in Fig. 10. The percentage of wrinkle means the ratio of
the length of the wrinkled fabric to its original length as
shown in Fig. 11. The effect of the wrinkle height to the S21
is found negligible. Although 5 dB attenuation is observed at
a high frequency of 3 GHz, the overall trend of the frequency
characteristics is maintained the same as that without any wrin-
kles.
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Fig. 14. Measured results of impedance variation of P-FCB inductors.
(a) Square inductor. (b) Octagonal inductor.

D. Crosstalk

Fig. 12 shows the far-end crosstalk measurements between a
signal line and a neighboring ground line with 15 cm length and
terminated by a matched load. The amplitude of the aggressor
signal is 2.5 V with a rise time of 6 ns. The space between two
lines is 6 mm. As shown in Fig. 12, the noise signal on the victim
wire is 0.14 V, or the crosstalk effect appears under 5.6%.

IV. INTEGRATED CIRCUITS ON THE PATTERNED FABRIC

A. Resistors

Passive electrical elements such as resistors, capacitors, and
inductors can be fabricated on P-FCB, as shown in Fig. 13. The
resistors can be implemented by long wires. A meandering wire
of 300 mm with 1 mm width and 1 mm space, as shown in
Fig. 13(a), behaves as a resistor of 85 . An approximate for-
mula for the resistance of a film wire is

(2)

where is the wire length, is its thickness and its width,
and is the resistivity of the film, in this case, mm,

m, mm, and m. The

Fig. 15. Three types of capacitors. (a) Type-A. (b) Type-B. (c) Type-C.

sheet resistance is 0.28 . The measured resistivity of the
film wire is larger than m of the conductive paste
and the mentioned sheet resistance due to the nonuniformity of
the surface and the corners of the meandering wire. Of course,
the resistivity can be modified with the screen printing inks by
varying types of the conducting materials and their amount in
the ink.

B. Inductors

A planar spiral inductor can be fabricated on the fabric and
its inductance value is given by (3) with the number of turns ,
the turn width , the turn spacing , the outer diameter , the
inner diameter , the average diameter ,
and the fill ratio, defined as [19]

(3)

The coefficients and are dependent with the layout,
that is, and for squares, and
and for octagonal inductors. Fig. 13(b) and (c) shows
a square inductor on P-FCB with mm,
mm, mm, mm, mm and

and an octagonal inductor with mm,
mm, mm, mm, mm,

and . Their impedance variations with respect to the
frequency are reported in Fig. 14 and their measured inductance
values are 577 nH with at 10 MHz and 970 nH with

at 10 MHz, respectively. Measured Q factors are quite
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Fig. 16. Lead frames. (a) 12 pin. (b) 16 pin.

Fig. 17. Bonding and packaging on the fabric. (a) SoC on P-FCB. (b) Molded
package. (c) Diagram of a flip-chip package.

small due to their planar spiral structures and large resistances.
To obtain larger inductance value, it needs further optimization.

Fig. 18. Tensile strength test with three direction.

Fig. 19. System integration on P-FCB with capacitive sensor, chip and LED
display.

C. Capacitors

Three types of capacitors on the fabric are investigated as
shown in Fig. 15. The type-A capacitor of Fig. 15(a) is a simple
two parallel-plate capacitor. Its capacitance value can be found
with the well known parallel capacitor formulation of

(4)

where is the relative permittivity of the medium, is the
permittivity of free space, is the plate area, and is the
separation between the plates. The capacitance value with
of 35 20 mm and the denim fabric of 320 m thickness is
50 pF. When it is pushed from the top to the bottom, two outer
electrodes get closer to each other due to the flexibility of the
medium fabric to increase its capacitance value. Therefore, the
type-A capacitor can be used as a variable capacitor to detect
the pressure.

The Fig. 15(b) shows the type-B interdigitated capacitor. Its
design variables are the number of fingers , finger length ,
finger width , finger gap , end gap , terminal width , sub-
strate height , substrate thickness , and dielectric constant of
the fabric. Its capacitance value is expressed as follows [20]:

(5)
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Fig. 20. Photograph of the test measurement setup and measurement results. (a) LED off. (b) LED light-on with water drop on the sensor.

where and represent the contribution of the interior and
two exterior fingers, respectively, and their values are a function
of . The type B capacitor of Fig. 15(b) with

mm mm, mm, mm, mm,
m, , and 40 25 mm denim fabric patch is

10 pF.
The type-C capacitor of Fig. 15(c) can be fabricated in the

same way as type-A, but in addition, it has elastic fabrics at both
sides, and when it is stretched horizontally, the overlap areas or
the capacitance values can be varied. This type of capacitor can
detect the horizontal force on the fabric. The capacitance value
of Type-C capacitor with two 60 20 mm planar electrodes
can vary from 10 to 100 pF.

D. Direct Bonding and Packaging of Silicon Chip on Fabric

Fig. 16 shows the lead frames fabricated on the fabric with
12 pads and 16 pads. The width of the leads is limited to 1 mm
for the reliability of the silk screen process. The SoC chip can
be bonded and packaged directly on the fabric lead frame as
shown in Fig. 17. In conventional conductive yarn approaches,
the pitch mismatch between the IC pads and the yarns requires
an interposer between the chip and the fabric. This extra process
increases the cost and hardness mismatch. On the other hand, in
the P-FCB, arbitrary shape of lead frame can be implemented to
optimize the integration of silicon chip onto the fabrics. First, the
chip is attached on the P-FCB lead frame with glue. Then, gold
wire is bonded on the pads of the chip, and next, it is bonded to
the lead frame on the P-FCB. Instead of the SoC chip, chip ca-
pacitors, resistors, LEDs, or any other elements can be mounted
on P-FCB of course. The dimension of the molded package
is 1 cm 1 cm, and the height is 2.2–2.5 mm which is small
enough to make it unrecognizable and comfortable to wear. Of
course the flip-chip bonding can be used on P-FCB. In the final
wafer processing step, the solder bumps are deposited on the
chip pads and then, the chip is inverted to face the solder bumps
down onto the lead frame on the underlying fabric. The solder
is then remelted to make electrical connections, typically using
an ultrasonic process [21].

Liquid molding epoxy is coated on the chip after bonding
process. This molding process provides highly robust protec-
tion against potential pressure on the packaged chip. For the in-

tegrity of the package with the fabrics, the tensile strength test
is performed by straining the P-FCB along the x-direction, y-di-
rection, and the diagonal directionn. In every experiment, the
fabrics are torn before the bonding or package is broken. The
maximum load is 85.1 N/cm in the x-direction, 85.2 N/cm in the
y-direction and 99.3 N/cm in the diagonal direction as shown in
Fig. 18. Total strain in the x-direction is 19.5%, the y-direction
27.2%, and the diagonal direction 26.8%, respectively.

V. SYSTEM INTEGRATION ON THE FABRIC CIRCUIT

The P-FCB technology is applied to implement a complete
system for continuous healthcare [9]. It is composed of a fabric
capacitive sensor, a controller SoC chip including the capacitive
sensing circuit, and an LED array display as shown in Fig. 19.
The capacitive sensor is fabricated in the type-B capacitor of
Section IV. Its number of fingers , finger length
mm, finger width mm, finger gap mm, end gap

mm, terminal width mm, and substrate height
m, and its capacitance value is 1 pF. The supply

voltage line and ground line with LED array connected between
them are formed in the shape of a flower for the purpose of
display, and chip resistors are surface mounted. The controller
SoC is integrated on the P-FCB lead frame through the bonding
and molding process of Section IV. The lead frame has 12-pin
pads. Each module of the sensor, the display, the controller, and
a battery is electrically connected by sewing of the conductive
yarns on the fabric. All measurements are conducted on wear-
able system as shown in Fig. 20. The humidity has a great effect
on the capacitance values of all types of capacitors, which was
well known by Ong’s study [22]. The capacitance value goes up
when humidity increases. Without a water drop, the number of
the pulses of Fig. 20(a) is 34 or equivalent to 200 pF. When
a water drop is detected by fabric sensor electrode, the con-
troller chip senses the variation of the capacitance value. Then,
the LED light is on when the capacitance value is over the pro-
grammed threshold value and the number of pulses decrease to
4 or equivalent to 1 nF, as shown in Fig. 20(b).

VI. CONCLUSION

This paper proposes, for the first time, planar circuit printing
technology for the formation of the electronic circuit board and
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direct integration of silicon chips on the fabric. The thick film
process, screen printing, and thin film process, sputtering de-
position, are used in manufacturing P-FCB. After investigation
of electrical properties of some textile materials, the polyester
fabric with fine yarn and high density is selected for its low re-
sistance of wire and relatively high stability of connection. The
thickness of the fabric substrate is 100 m and that of conduc-
tive wire is 10 m.

For the extensive characterization of textile transmission
lines on P-FCB, we extract the dc resistance, TDR profile,
and frequency characterization. TDR measurements show that
the characteristic impedances are between 180 and 230 .
High-frequency network analyzer measurements were per-
formed up to 3 GHz for high-frequency behavior and down to
100 MHz for low-frequency behavior. Reliable signal transmis-
sion for 80 MHz clock signal was observed along 15 cm textile
lines. The experiments show that the variation of insertion loss
is limited in 1.2 dB with fabric wrinkle.

Various types of electric elements, such as resistors, capac-
itors, and inductors are fabricated and experimental formulae
to calculate their values are obtained. Lead frames with 12-pin
or 16-pin pads are fabricated for the chip integration. A SoC
chip is wire-bonded on the lead frames directly and the pack-
aging process is performed on the chip in the same way as the IC
industry. With the molded package, P-FCB provides high me-
chanical endurance against any directional pressure on clothes.

Finally, a system with a capacitive sensor, an LED array
display, and a SoC controller is assembled on P-FCB and its
operation is demonstrated successfully. Potentially, the P-FCB
system will open up a new solution to the healthcare area
by allowing people to monitor their health condition just by
wearing clothes with the P-FCB system.
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