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Stretchable Wiring
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Keigo Takahashi,3 Tomomasa Fujita,3 and Satoshi Watanabe4

The recent progress of wearable electronic devices opens a novel demand of stretchability in 
the electronic wiring. In this context, we, Fujikura Group, have been developing the stretchable 
electronic wiring. Our developed stretchable wiring is applicable to wearable devices, since it 
keeps conductivity even under the 60% strain which corresponds to the maximum strain arises 
on a human skin.

1. Introduction
With the continuous progresses of electronic devic-

es, advanced wiring techniques have been required. 
For example, we had developed flexible printed cir-
cuits (FPCs) with unique features such as bendable, 
thin, and lightweight compared to rigid circuit boards, 
and have contributed to the downsizing of electronic 
components especially for mobile devices. In recent 
years, wearable devices as a terminal unit for internet 
of things (IoT) are believed to form a new market of 
the technology. In the wearable devices, reduction of 
the uncomfortable feeling being attached on the hu-
man body is essential for product advantages, as well 
as lightweights, small sizes, and low power consump-
tions. In this point, we focused on a stretchablility of 
the electronic wiring, which surpasses the limitation 
of the conventional FPCs, to follow the motion of the 
human body and to reduce the uncomfortable feeling. 
In this report, we discuss an application concept of 
stretchable devices and show recent progresses of our 
newly developed stretchable wirings.

2. Concepts for stretchable wirings 
2.1   Application image of the stretchable wirings for 

wearable devices

One of the most promising applications for stretch-
able wirings are the interconnection of the wearable 
devices that acquire vital signs from the human body. 
Figure 1 illustrates an application image of a plaster-
shaped biological sensor system. In the case of Fig. 
1(a), the stretchable wirings connect the sensing 
nodes and the main module formed on separated sub-
strates. In this example, one can arbitrarily arrange 
each plaster-shaped components by connecting 
stretchable wirings without breaking the electric con-
nection against any stretch caused by the motion of 
the human body. Another concept, that each compo-

nents are integrated on the same stretchable substrate 
such as fabric or elastomer, is shown in Fig. 1(b). In 
this case, modules connected by the stretchable wir-
ings are also expected to work successfully even after 
lamination or delamination of the substrates.

2.2  Required characteristics for stretchable wirings

Since the stretchable wirings are adopted to con-
nect components electrically, electric reliability is in-
dispensable. The resistance variation caused by the 
stretch of the wirings would result in an unexpected 
consequence of connected devices, therefore, such re-
sistance variation must be minimized, so we defined 
the acceptable resistance variation was less than 5%.

In addition to the electric reliability, some mechani-
cal characteristics are also necessary. One essential 
mechanical factor is to follow the motion of the human 
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Fig. 1. Application concepts.
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body, namely the wires can stretch equal to or greater 
than the maximum strain on the human skin. As listed 
in Table 1, the surface elongation of human skin is 
larger than 10% at every joint, and is the largest at 
knees with 51%, so the stretchability requirement is to 
be approximated 60%. Another factor for the mechani-
cal requirements is to improve the feeling sense of 
wearing. For this point, the wirings and the substrates 
need to be stretched without extra forces. According 
to the researches in the textile industries, people feel 
the strain force of 17.7 N from the stretched textile 
with 50 mm in width 1) 2). By taking into account above 
value as a threshold, the Young’s modulus as an indi-
cation of the softness of the stretchable wirings is set 
as less than 3 MPa.

Other required characteristics including resistivity 
and insulation between wirings and the human skin 
are summarized in Table 2. 

2.3  Technologies to stretch wirings

In order to realize the stretchable wirings, several 
approaches have been proposed 3) 4) 5) 6). For instance, 
fibrous electric conductors sewn on a cloth, or mean-
dering metal conductors patterned on or in dielectric 
elastomeric substrates were previously reported. 

Our developed stretchable wirings, on the other 
hand, are simply formed by printing a mixture of elec-
tric conductive particles and an elastomer as a binder 
on various kinds of stretchable substrates. Since elas-
tomer-based wirings can stretch with weak force, the 
uncomfortable feeling of the substrate fitted on the hu-
man body will be reduced. In addition, the printable 
elastomer-based wirings can connect components 
with a straight shape to minimize the wire resistance, 
in contrast to the meandering metal conductors.

3. Recent progresses in our stretchable wirings
 To evaluate the stretchable wirings, test samples 

are prepared and its structures are shown in Fig. 2 and 
Table 3. The mixture of silver particles and elastomer-
ic binder was printed on an elastomeric substrate fol-
lowed by laminating a dielectric cover layer. As shown 
in Fig. 3, the fabricated structure could follow the 
100%-strain of the substrate, and confirmed that no 
wire-breaking or delamination of the each of layers 
was found. We also confirmed that the test sample 
laminated on the human skin could follow the motion 
of the human body without uncomfortable feelings.

Figure 4 plots the resistance of the test structure as 
a function of the strain applied along the longitudinal 
direction of the wiring. The resistance variation was 
essentially negligible between 10 and 60%-strain, and 
even at 100%-strain, no significant increase of the resis-
tance was observed. However, an increase of the total 
resistance become 80%, the value of which remarkably 
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Fig. 2. Schematic image of the test structure.
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Fig. 3. Stretching test under (a) 0% and (b) 100% strains.

Body part Elongation(%)

Elbow 17

Waist 21

Shouldar 36

Knee 51

Table 1. Body surface elongation.

Characteristic Value

Elongation > 60(%)

Young’s modulus < 3(MPa)

Wiring resistance < 0.1(W/cm)

Change of resistance < 5(%)

Insulation resistance > 100(MW)

Table 2. Required characteristics.

Element Height (mm) Width (mm)

Elastmeric substrante 0.3

5Wiring 0.15

Cover layer 0.27

Table 3. Dimensions of the test structure. 
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exceeded the specification value of 5% listed in Table 
2. Although further studies to achieve the specifica-
tion value is needed, we are sure to apply the present 
stretchable wirings to applications that allow a little re-
sistance change, eg., wearable measuring devices that 
require high impedance wirings. 

4. Conclusion
We demonstrated the electrical characteristics of 

our newly developed stretchable wirings, and men-
tioned that stretchable wirings are a promising tech-

nology for the wearable devices. We also believe there 
are many possible applications for the stretchable wir-
ings in the field of medical instruments, care and wel-
fare apparatus. We, Fujikura Group, continue this de-
velopment and will contribute to an affluent society by 
this technology in the near future. 

Reference

1)  Y. Araya et al., : “Stretchable fabric (in Japanese),” Sen’i To 
Kogyo, vol.44, pp.318-321, 1984

2)  H. Kawamura, : “Human motions and stretchability (in Japa-
nese),” Textile and fashion, vol.9, 1992

3)  E.R.Post et al., : “E-broidery : design and fabrication of tex-
tile-based computing,” IBM Systems Journal, vol.39, pp.840-
860, 2000

4)  T. Sekitani et al., : “Stretchable active-matrix organic light-
emitting diode display using printable elastic conductors,” 
Nature Materials, vol.8, pp.494-499, 2009

5)  M. Inoue et al., : “Development of Super-Flexible Wires Us-
ing Conductive Adhesives for Artificial Skin Applications of 
Robots and Related Equipments,” IEEE International Con-
ference on Polymers and Adhesives in Microelectronics and 
Photonics, pp.90-95, 2005

6)  D. S. Gray et al., : “High-Conductivity Elastomeric Electron-
ics,” Advanced materials, vol.16, pp.393-397, 2004

0

5

10

15

20

25

0 20 40 60 80 100

R
es

is
ta

nc
e 

( Ω
)

Strain (%)

Fig. 4. Resistance variation under strain.


