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Imagine donning a jacket

that can play a video or 

display various images that

have been downloaded

from the Internet. A group

of French researchers have 

developed optical fiber

fabric displays that could

make such “communica-

tive clothing” possible. 

In this article, Vladan

Koncar describes a new

approach to flexible textile

display with potential

applications that extend

far beyond fashion. F lexible displays can be created on textiles by producing a
screen matrix using the texture of the fabric during the
weaving process. A small electronic device that is integrated

into the system controls the Light Emitting Diodes (LEDs) that
illuminate groups of fibers. Each group provides light to one
pixel on the matrix.

These displays are very thin and ultra lightweight—two 
characteristics that could enable many innovative applications.
Although initially developed for clothing, the displays could be
used to exhibit information or designs in cars, portable elec-
tronic devices and even houses and buildings. Indeed, research
on the design and development of flexible displays based on 
processed optical fibers has opened up new frontiers in fashion,
public safety, automotive equipment and home decoration.

Weaving optical fibers
Poly(methyl methacrylate) (PMMA) optical fibers possess a
rigidity and fragility that make them different from most tradi-
tional textile fiber threads and filaments. With regard to section
diameter, a good compromise must be reached: A diameter that
is too large can cause inflexibility, while a too-small diameter
induces a low shear resistance and loss of light intensity.



We used fibers with a diameter of
0.5 mm to make the first prototypes. We
have also conducted tests on fibers with a
diameter of 0.25 mm, but further devel-
opments in the process of weaving are
still required to ensure sufficient fabric
resistance in bending.

Weaving takes place on a traditional
two-dimensional loom. The optical 
fibers can be woven or placed in a chain,
in addition to other kinds of yarns.
Therefore, it is theoretically possible to
obtain an optical fiber X-Y network.
However, this would present several 
disadvantages:

• The grid (and, hence, the resolution)
would not be very dense and the fabric
would be extremely rigid because of
the relatively high radius of curvature
of optical fibers.

• Constituting an optical fiber chain 
is very long and very expensive.

• The resolution would be tiny.

It is also possible that a three-dimen-
sional structure in weaving would not
bring any significant advantages.

Thus, our initial plan was to develop a
fabric comprising optical fibers for wefts
and silk in chain. Other natural, artificial
or synthetic yarns could also have been
used to constitute the chain. Yarns were
chosen for the chain with the aim of
achieving good flexibility in the fabric,
fine titration and an improved capacity
to diffuse and reflect the light emitted by
optical fibers for better legibility of infor-
mation. An example of an optical fiber
fabric display (OFFD) weaved structure is
shown in Fig. 1. Different textile finishing
methods are being tested—either in past-
ing or in coating—to guarantee grid sta-
bility and flame resistance and to enable
optimal light emission intensity and con-
trast.

Display matrix design
The screen for fabric displays comprises a
number of surface units, or pixels; each
one can be illuminated by a light source
emitted from one side of the fabric by
one or several PMMA optical fibers with
discrete index variation. The pixels are
directly formed on optical fibers while
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Figure 1. Scanning
electron microscope
picture of OFFD
structure (a two-
layer basic-velour
fabric). 

Figure 2. Principle of lateral light emission. (a) Original optical fiber; (b) processed optical fiber.
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Figure 3. Micro perforation obtained by mechanical treatment (particle projected on the
cladding of optical fiber). Picture obtained by nanoscope. 
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transversely forming a spout of light 
on the fabric. The process consists of
generating micro-perforations that reach
into the core of the fiber (Fig. 2). The
remainder of the optical fiber, which did
not receive any specific processing, con-
veys the light without being visible on 
the surface.

Two processing techniques have been
developed for optical fibers. The first is a
mechanical treatment by the projection
of micro particles with different veloci-
ties on the optical fiber’s cladding. The
result is presented in Fig. 3. The second
technique uses different chemical sol-
vents to make these micro perforations;
this method seems to produce a better
final result. (A chemically processed
cladding surface is shown in Fig. 4.)
Finally, Fig. 5 shows the chemically 
processed fiber obtained by a scanning
electron microscope.

There are three methods that are used
to light ON and OFF static patterns on
the fabric (texts, logos and scanned pic-
tures), which we adapted to develop our
own technique. A basic fabric is used in
the first method. The lighting zone to be
processed, which is composed of optical
fibers, is delimited by a stencil key. The
picture remains static—with eventual
color changes—but can offer quite a high
resolution.

In the second method, the zone to be
lit is formed during weaving on a
Jacquard loom before being processed.
The remaining, inactive fabric is com-
posed of the floating fibers on the back 
of the fabric.

A third method uses a two-layer
adapted basic-velour fabric that makes
optical fibers as visible as possible, but
with sufficient consistency of fabric
structure. Prior to the weaving process,
the optical fibers are chemically treated,
enabling the specific dynamic lighting
zones to be created.

We modified these techniques by cre-
ating specific weaving armor and an
adapted lighting control in order to gen-
erate variable information on the same
fabric zone. We developed a matrix that
makes it possible to display a great deal of
basic information, such as texts, logos or
other patterns, in a static or dynamic way.

Because a fabric display can only be
produced by columns made of a single
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Figure 4. Micro perforations obtained by chemical treatment (solvent action on the
cladding of optical fiber). Picture obtained by nanoscope. 

Figure 5. Micro
perforation
obtained by
chemical treat-
ment (solvent
action on the
cladding of opti-
cal fiber). Picture
obtained by scan-
ning electron
microscope. 

optical fiber or group of fibers, we had to
create lines artificially. Similar to the pro-
cess that would be used with two super-
imposed patterns to be lightened on the
same column, this involves alternating
two consecutive weft fibers—one for the
first pattern, and the other for the second.
Each is processed on a precise section in
order to re-emit light at a specific place.

The principle is the same for three
superimposed patterns, except that one
fiber is taken out of three for each pat-

tern. When the weaving is sufficiently
tight, a visual impression is given of full,
enlightened zones. Chain wires will be
able to help diffuse the light toward the
dark zones between lightened segments.
The number of rows to be produced
seems limited by the technique, insofar
as, on the same unit zone, more dark
zones are produced than lightened ones.
The appreciation of the definition
will then be based on the size of the 
pixels and the screen, in addition to the 
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distance from which people watch the
screen.

Various light sources can be used to
feed the matrix. The choice mainly
depends on the number of fibers con-
nected to each source and the level of
power consumption. For the first proto-
types, we used high luminous LEDs that
are 3 mm in diameter. LED technology
has many advantages, as diodes can be
easily driven by electronics under low
voltages (2V to 4V, depending on the
color). Therefore, many “light effects”
can be generated on the display, such as
flashing or varying the intensity of the
light, providing all kinds of animated
movies.

The very first OFFD was displayed on
a jacket (pictured on p. 41). It comprises
a screen matrix specially designed to dis-
play on one line three 60 mm � 60 mm
alphanumeric characters, each made up
of three rows and three columns using
0.5 mm diameter optical fibers and a 7
fibers/cm width density. Each pixel is
composed of four fiber segments and is
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controlled by one LED located in the lin-
ing of the cloth, on one side of the OFFD.
The color of the pixels is determined by
the corresponding LEDs.

OFFDs offer another possibility:
Although the definition is limited by the
number of rows, it is possible to repeat
on fabric the same line of characters or
patterns in the direction imposed by
optical fibers. The fixed or animated pat-
tern reproduction can be used for purely
decorative applications; for example, to
create a mural tapestry adapting its colors
to the clothes worn by the occupants of
a room.

Implications and applications
Optical fiber screens provide access to
simple and animated visual information,
such as texts or pictograms. It is possible
to download, create or exchange visuals
via the appropriate Internet gateway.
Conceivably, images or text could be sent
using wireless technology from a com-
puter or a mobile Internet terminal to an
article of clothing.

The main functions of the new proto-
types are:

• To “be seen,” for security, publicity,
recreational or aesthetic purposes

• To show one’s affiliation or support
for a group

• To personalize one’s clothing accord-
ing to the latest fashions

• To communicate or exchange infor-
mation or to signpost advice.

Fabrics based on flexible display tech-
nology have the obvious potential to
influence fashion designers, but they have
a variety of other useful applications as
well. OFFDs can be used as displays for
mobile phones, PDAs (personal digital
assistants), wearable computers and other
portable electronic devices.

There is also enormous potential for
firefighting and police applications. For
example, information and warnings
could be displayed on clothes—which
could both increase public safety and
help officers and firefighters to operate 
in remote and challenging conditions.

The interior of cars contain many
flexible elements that could be used to
display relevant information that might
help drivers navigate or avoid accidents.
Finally, houses and buildings could use
OFFD technology to display or enhance
drawings, pictures and lighting.

In this digital age, information is vir-
tually everywhere and a multitude of
screen and display technologies will be
necessary to keep up with the demand.
OFFDs have shown great promise as a
new and interesting way to present
images and information.

Vladan Koncar (vladan.koncar@ensait.fr) is profes-
sor at ENSAIT textile engineering institute (Ecole
Nationale Supérieure des Arts et Industries Textiles),
Roubaix Cedex, France. 
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Optical fiber screens provide access to simple 
and animated visual information, such as texts 
or pictograms.


