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Abstract circuits on the sewing machine. Considerable effort
Embroidery using conductive threads is an appealing was spent manually designing circuits and figuring out
method for creating circuits on fabric, with the the proper scaling to create pads on fabric that match
embroidered threads forming traces and pads, and up with packages. The embroidery software often
ICs the right Furthermore, we aim to use freely available tools

place. The goal of this project is to automate this wherever possible so that the tool-flow can be used by
process by using PCB design tools and custom a wider audience. This method gets rid of expensive
software to convert the layout to an embroidery embroidery software, eliminates the guesswork in
pattern. By automating the tool-flowfrom PCB layout designing embroidery and creates an easy to use
to embroidery, we have improved the quality of the interface for the engineer who is already accustomed
embroidered circuits, reduced the burden on the to PCB design. The original tool-flow involved 11
designer to have extensive embroidery knowledge, and steps and included expensive 3D CAD packages as
taken first steps towards automated assembly of well as expensive embroidery software. This is real
embroidered circuits. hindrance to the engineer both in the time it takes to

master all of the software and the start up expense of
1. Introduction getting into e-broidery. Even with the proper software,
One of the goals of electronic textiles is to stay as it can be difficult to navigate through all of the

close to existing manufacturing processes in both the embroidery choices of what stitches to use, what stitch
textile and electronic industries, in order to leverage density and how far away traces should be so there are
off the economies of scale of both industries, no shorts. This project moves away from these
Embroidery is one of several textile techniques that problems and adopts a standard PCB design tool,
are appealing for creating circuits on cloth. Eagle, to layout the e-broidery circuit as a single layer
Embroidering circuits, or e-broidery, was first circuit and a custom written C# program to convert the
described in 2000 [1]. Since then, several different Eagle output to sewing machine format.
research areas have spawned from embroidering Eagle allows us to utilize PCB rule sets, existing part
conductive thread. At Virginia Tech, we have been libraries and auto routing. The custom software allows
experimenting with varied e-broidery applications the use of predetermined stitches and conversion to
ranging from capacitive sensing and variable resistors our specific machine. Eagle is a good choice because
to attaching standard PCB packages. Thus far, the existing rule sets allows the definition of trace
research papers on the subject have focused on the width and the distance between traces. Also, if the end
result of the embroidery and have not provided in- result is the placement of a PCB, IC or other designed
depth descriptions of the steps used to embroider the part on the fabric, Eagle performs well because the
circuits [2, 3, 4]. The common thread in these papers layout of these other parts is already present in the
is that a machine friendly yarn with conductive software. No additional work is needed to use its large
properties is used to embroider patterns onto fabric. In set of existing and custom libraries. Lastly, auto
our experimentation, for all but the simplest circuits routing eliminates the arduous task of laying out the
(e.g. wide spacing between traces, right angles), there traces. Once the Eagle design is done, it passes it off
was significant work required to use an embroidery to our C# program via Gerber files. While we used
CAD software package to create valid and repeatable Eagle because it is free and works for the typical

complexity of our circuits, it should be noted that any
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PCB design software that outputs RS-274X Gerber custom software have been removed. If your circuit
files should work. Gerber files were originally created passes the design checks in the PCB CAD software, it
to control photo plotters and the format stores can be embroidered. We intend to expand the flow to
commands in an ASCII format that gives information include subsequently automatically placing
such as the type of aperture to draw a line with and components onto the fabric.
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3. Results
One of the applications we have explored with e-

broidery is capacitive sensing. Our capacitive sensing
board was designed with pie-shaped points for mating
the PCB to the fabric, providing easy attachment to
fabric and sufficient surface area contact. Figure 1
shows the pie shaped connection points routed to the
desired capacitive sensing segment. The goal was to
attach the capacitive thread sensor to the board. If this
were to be done without the exact layout in Eagle, it Figure 1 - Eagle Embroidery Design
would be difficult because of the specific placement
and angle of the pie shaped elements. Figure 2 shows
the final embroidered product on woven cloth with

This paper has described some of the difficulties of
using embroidery software to create e-textile circuits
and outlined our e-broidery tool-flow based upon a
standard PCB layout tool. Our previous tool-flow
involved coercing the software into creating_
something we could use. With our tool-flow, anyone llll.li ii
who can design a circuit in PCB software can design a 111 ..
fabric circuit. Many of the complicated decisions andFiue2-EbodrdDsg


