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RATIONALE

This report provides background information and general guidance required by users who need
to implement UV laser marking technology for wire identification during the process of preparing
wires and cables as part of the process of wire harness manufacture. It has been updated to
reflect the current state of knowledge and best practice.
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1. SCOPE:

Ultraviolet (UV) laser marking for aerospace wire and cable is now a well established and
accepted process. The purpose of this report is to provide general information on the
technical basis of marking systems that apply UV laser energy to the wire surface. This
includes materials for UV laser marking; the key characteristics of UV lasers suitable for this
application, in terms of the mark process requirements and operational requirements; the
various types of UV lasers which meet the general requirements for wire marking; and the
generic components of UV laser marking systems. Subjects beyond the scope of this report
include other wire marking systems not utilizing UV lasers; legibility; and contrast
measurement. The contents of this document are for information only. It is not intended that
it should be used as the basis for marking process specifications or standards, which are
covered by AS5469 Wire and Cable Marking Process, UV Laser.

2. REFERENCES:

[1] “Laser Beam Absorption and Mark Depth of Laser Marked Wires”, Philip Cornish et al.,
Report Ref: ST0012, Spectrum Technologies, December 9, 1997

[2] “User applied markings on wires: working towards perfect legibility”; Simon Lau and
Claire Higgitt, AEISC conference paper October, 1997

[3] “Evaluation of excimer laser marked wires”; Paul Lefebvre, QETE Project Report No.
A010591, Canadian Department of National Defence Quality Engineering Test
Establishment; July 5, 1991

[4] “Excimer Laser Printing of Aircraft cables”; S. W. Williams, P.C. Morgan. ICALEO:
International Congress on the Application of Lasers and Electro Optics; Oct 30 - Nov 4,
1988; Santa Clara, CA.

[5] “Testing of MIL-W-22759 Wire Marked by (IR) Laser, Hot Stamp, Inkjet and Dot Matrix
Methods”; Rex A. Beach, Conference proceedings, 5th Aerospace Electrical
Interconnect System Conference, October 11, 1989

NOTE: The above referenced papers can be accessed from the internet via the
SAE AE-8A webpage

2.1 Further Reading:

“Ultraviolet UV lasers for aerospace wire marking”; P.H. Dickinson, Spectrum
Technologies plc report STO01, November 6, 1997

“Relationship between composite wiring markability and wet arc resistance performance”;
Brad Elik, AEISC, Norfolk, VA, October 20, 1999
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3. DEFINITIONS:

LASER: (Light Amplification by the Stimulated Emission of Radiation). A source of intense
monochromatic light in the ultraviolet, visible or infrared region of the spectrum. Solids,
liquids and gases may be used as the active or lasing materials. The laser beam is
generated by ‘energizing’ the active medium by power from an external source. The power
source is most commonly electrical or optical.

INFRARED (Abbreviation - IR): Electromagnetic radiation in a wavelength range from
approximately 700 nm to in excess of 10,000 nm.

ULTRAVIOLET (Abbreviation - UV): Electromagnetic radiation in a wavelength range from
approximately 200 to 400 nm.

IR LASER: a laser that produces a beam of radiation in the IR range.
UV LASER: a laser that produces a beam of radiation in the UV range.

FLUENCE: the energy density, measured in J cm™ (Joules per square cm) of a single pulse
of the laser beam at a surface, which, for the purposes of this document, is the wire
insulation.

PULSE LENGTH: The time interval between the laser energy crossing half the maximum
energy on the rising and the falling edge of the pulse. For the applications discussed here,
pulse lengths are measured in nanoseconds, ns. 1ns =10°s

WAVELENGTH (L): A = c/f where c is the velocity of light and f is the frequency. Wavelength
is measured in nanometres, nm. 1 nm = 10° m.

DAMAGE: for the purposes of this document, damage is defined as an unacceptable
reduction in a wire insulation’s mechanical or electrical properties, i.e., a reduction outside of
its defined specification.

Nd (NEODYMIUM): Neodymium is an elemental metal, which forms the active laser material
in the most common type of solid state laser. The neodymium is held in an optically
transparent solid ‘host’ material, and is energized by optical input, either from flashlamps or
from the optical output of diode lasers. The host material does not play a direct role, but can
slightly influence the laser wavelength. Typical host materials are specialized crystal
materials, such as YAG and YLF (see below). These lasers are commonly referred to as
Nd:YAG or Nd:YLF. The primary wavelength of Nd solid state lasers is in the infrared (IR) at
a wavelength of approximately 1064 nm. The IR output of such lasers can be conveniently
reduced to lower wavelengths by use of harmonic generation (see below).

YAG: Yttrium Aluminum Garnet, the crystalline host material most commonly used for
Neodymium lasers.
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YLF: Yttrium Lithium Fluoride, an alternative crystalline material used for Neodymium lasers.

EXCIMER: a gas laser deriving its name from the term “excited dimer”. The laser is
energized by means of an electrical gas discharge in a specialized mixture of rare gases
and halogens. Excimer lasers are available operating at a number of discreet wavelengths
throughout the UV, the most common of which are 193, 248, 308, and 351 nm. The
wavelength is purely dependant on the gas mix used.

HARMONIC GENERATION: the use of non-linear processes to frequency multiply the
output of a high intensity laser beam. This enables the wavelength of an infrared laser to be
converted to the green and/or the UV. In the case of Nd lasers this results in a frequency
doubled output at 532 nm in the green and a frequency tripled output at 355nm in the UV,
which is used for wire marking. The process is not 100% efficient and appropriate
precautions must be used in the design and operation of such lasers to ensure that the
residual unconverted infrared laser radiation reaching the wire surface is kept to a safe level.

4. ULTRAVIOLET (UV) LASER WIRE MARKING:
4.1 Materials for UV Laser Marking:

Ultraviolet (UV) laser marking is compatible with fluoropolymer insulations including
polytetrafluoroethylene (PTFE); ethylene tetrafluoroethylene copolymer (ETFE);
fluorinated ethylene propylene (FEP). Wire insulation types suitable for UV laser marking
are tabulated below, however, this list is not exhaustive and UV laser marking may also be
applied to other polymeric insulation materials containing UV sensitive components.

The UV laser beam causes a color change in the insulation material, creating a permanent
mark without affecting the insulating properties of the wire or cable. The UV laser mark
appears gray/ black in color on light colored insulations, particularly those pigmented with
TiO, (titanium dioxide). TiO, is used in wire insulation materials as a white pigment and/or
opacifying agent, though it is not the only pigment available.

NOTE: UV laser wire markers should not be used for marking aerospace wires for which
they have not been specified without establishing the suitability of the wire
marker to process such wires. It is inappropriate to process top-coated aromatic
polyimide insulated wires with this type of equipment, such wires will not mark
with UV lasers.
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TABLE 1 - Laser Markability of Generic Aerospace Wire Types

Insulation type

Comments

Polyimide/PTFE | Fluoropolymer top-coated polyimide wires with very good laser markability

or FEP topcoat have been available for some time. Recent improvements have further
increased the mark contrast achievable on both FEP and PTFE topcoats
to 65-70%.

Polyimide/PTFE | UV laser markable composite PTFE/polyimide wire constructions are

tape widely used. Good mark contrasts, of 55-65%, are achievable on current

UV laser markable stock®.

ETFE, XL-ETFE
extrusion

ETFE is frequently used as a wire insulation either in its natural state or
cross-linked (XL-ETFE) for improved physical properties. In general,
modern ETFE and XL-ETFE wires, where the pigments, color formers and
processes are carefully controlled, give high contrast results (>70%).

PTFE extrusion

This wire construction, less frequently used in unprotected aerospace
wiring applications, may be UV laser marked. These wires have not yet
been specified to the same high standard for laser markability as, for
example, ETFE extrusions. Mark contrasts of around 50% are achievable
on standard product through testing and selection.

FEP extrusion

Extruded FEP wire and cable is less widely used, but can be UV laser
marked, 70% contrast having been achieved on this wire type.

*Note however that contrasts as low as 52% may occasionally be seen, due to variations in

materials and lots.

4.2 Properties of UV Laser Marked Materials:

UV laser marked PTFE/polyimide wire forms a uniform gray coloration which is shallow
compared to the thickness of the outer insulation (Figures 1 and 2). The UV laser mark on
XL-ETFE wire is composed of two layers, an outer darker area, and an inner, lighter area
(Figures 3 and 4). On some ETFE insulations the mark may appear brown/black. Both the
appearance of the marks and the mark depth produced by both excimer and solid state
UV laser systems are very similar for each wire type [1].

TABLE 2 - UV Laser Mark Depths on Aerospace Wire Insulation
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Insulation Type Mark Depth
XL-ETFE 18.5um+ 1 um
PTFE/polyimide | 8.5 um +1 um
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