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Abstract: A screen-printed electroluminescent (EL) matrix display on fabric is presented. This work
demonstrates the fabrication of a screen-printed multilayer display with a matrix of 8 x 8 pixels, as
well as the design and construction of integrated drive electronics capable of operating the EL display
and achieving good visibility. Each pixel is 1 mm x 1 mm, which is smaller than in previously reported
literature. The EL matrix was successfully printed and laminated on fabric at this higher resolution,
improving the visual effect and decreasing the overall display size, and reducing the impact on the
flexibility and breathability of the underlying fabric. This proof-of-concept demonstrator EL display
shows the potential for more complex pixel displays for e-textile and printed electronic applications,
such as interactive clothing, and information displays in applications, such as the automotive field,
architecture, and point of sale advertising.
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1. Introduction

Printed electroluminescence (EL) materials are widely used for the fabrication of long-
lasting, high-intensity light-emitting devices on flexible substrates [1]. The main benefits
are the ease of fabrication of an EL multilayer structure via screen printing, which has a
higher layer-thickness tolerance compared with equivalent printed OLEDs. In addition, the
polymer inks required for fabrication are more widely available. The previous literature
has successfully implemented an EL display on fabrics to fabricate a watch [2] and a traffic
signal system on a backpack [1]. To achieve improved high-resolution display performance,
the pixel pitch, which is the distance from the centre of a pixel to the centre of the adjacent
pixel, is a critical dimension. A lower pixel pitch results in an image with smoother
edges, finer detail, and smaller dimensions in the flexible display, increasing the comfort of
wearable e-textile applications.

2. Materials and Methods
2.1. Electroluminescent (EL) Lamp Structure

A standard parallel plate capacitor configuration is used to make EL lamps, with a
light-emitting phosphor layer sandwiched between the two electrodes. To allow light to be
emitted, one of the electrodes is transparent. Because the phosphor layer would electrically
break down at high field strengths, a dielectric layer is also placed between the electrodes
to prevent a short circuit. Figure 1 shows the cross-section structure of a complete EL lamp
with the materials used for each layer, which consists of four layers [2]. A bus-bar layer is
added between the phosphor and the translucent conductor (PEDOT) layer for improved
electric field distribution in this design to create an 8 x 8 pixels array.
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Figure 1. Schematic diagram of the cross-section structure of printed EL lamp with inks used from
Smart Fabric Inks Ltd. for each layer, which are labelled in red.

2.2. EL Pixel Arrays Fabrication

The screen-printing method was used to print the flexible EL lamps array with high
printing resolution and low cost compared with the clean room facilities typically required
for OLED production.

2.2.1. Screen Design

The first step of printing EL lamps is manufacturing the screen. In this project, to
test the resolution limitation of screen-printing method, two layouts for the displays were
designed using Tanner L-Edit software. The screen design is shown in Figure 2A, which
has a print area of 10 cm x 10 cm. It consists of seven large pixel arrays (one of which is
labelled with the red shaded area in Figure 2A) and eight combinations of nine small pixel
arrays (one of which is labelled with the blue shaded area in Figure 2A), plus six alignment
patterns to aid registration of the various layers in the printing process. The screen details
(mesh size and emulsion thickness) are given below for each layer.
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Figure 2. Screen design, which consists of overall layout (A), larger 8 x 8 pixels arrays, (B) and
smaller 3 x 3 pixels arrays (C).

In the large pixel 8 x 8 array, the size of each pixel is 1000 pm x 1000 um with a gap
of 500 um, which is shown in Figure 2B. The linewidth of the connecting tracks is 500 um,
while the width of the connector pitch is 2540 um to match the flexible printed circuit (FPC)
connector used for testing.
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The smaller pixel arrays were designed to test the resolution limits of the screen
printing. The size of each pixel in the 3 x 3 pixels arrays is 800 pm x 800 pm, with a gap
of 300 um (Figure 2C, left part). The sizes of the connecting tracks of nine different arrays
were designed to vary from 100 microns to 400 microns, which is shown in Figure 2C (right
part), to explore the printing resolution limitation of screen-printing method.

2.2.2. Screen Printing Process

The EL lamps array was fabricated using five functional layers as detailed below. The
schematic pictures of the patterns after printing each layer are shown in Figure 3. A 120-34
polyester screen with 5 um emulsion thickness was used for each screen except for the
busbar, which had 30 um emulsion to aid the print step across the layers, and the PEDOT
layer, which used a 140-30 mesh, identified as the optimum mesh by the ink manufacturer.
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Figure 3. Top views of the EL lamps after the printing of each layer: (A) silver layer, (B) dielectric
layer, (C) phosphor layer, (D) bus-bar layer, (E) PEDOT layer.

The printing process used to produce the EL lamp is:

1. Print silver layer to create the conductive tracks and conductive pads. The paste was
cured in a box oven at 120 °C for 10 min;

2. Print dielectric layer to prevent short circuit across the capacitor structure and acts as
a light reflector. The paste was cured at 130 °C for 15 min;

3. Print phosphor light-emitting layer. The paste was cured at 130 °C for 15 min;

4. Print busbar layer to create conductive tracks and conductive pads. The paste was
cured at 120 °C for 15 min;

5. Print PEDOT layer to allow light emission from the phosphor layer. The paste was
cured at 130 °C for 15 min.

3. Results and Discussions

The EL pixels arrays were printed on 120 pm Policrom film and then laminated on
to the fabric to achieve the flexible EL display screen on the fabric. The lamps were tested
using a standard EL driving circuit, shown in Figure 4, which shows the visibility of each
pixel and the retained flexibility of the fabric.

(A) Flat (B) Bent

Figure 4. Powering the larger EL pixels arrays in flat (A) and bent (B) conditions.

The optical properties of the blue emitter were also assessed, which is shown in
Figure 5A. The emission peak is at a wavelength of ~550 nm, with a brightness of
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~200 cd/m?. The detected colour of emitting light was shown in CIE 1931 colour space in
Figure 5B, of which the coordinates are (0.156, 0.426).
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Figure 5. Measured luminance (A) and CIE 1931 colour space (blue circle) (B).

The smaller 3 x 3 pixels arrays were also tested, and the arrays of sizes greater than
or equal to 150 pm were successful. There were defects in the printed 100-microns tracks,
which caused open circuits, meaning the pixels could not be lit up. The printed performance
of nine different sizes of tracks indicates that the screen-printing method is suitable for
fabricating devices with track widths of more than 150 pum.

4. Conclusions

This work improved the screen-printed resolution of electroluminescent (EL) lamps on
fabric and is capable of reducing the size of displays whilst retaining the flexible property
of fabrics, which helps in reducing the size limit of wearable display devices. However,
the limitation is that the screen-printing resolution must be 150 um to achieve operational
displays. Thus, future work must investigate an alternative printing method, namely
reverse-offset printing, and use it to fabricate EL lamps to reduce their size by a factor of at
least two whilst maintaining good performance.
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