High Temperature Materials

For Laser Applications

The parameters relevant to selecting a material suitable for use as
an aperture substrate in the optical transfer assembly of a high
power laser are melting temperature, thermal conductivity and

surface reflectivity
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Hi gh energy and high power apertures are intended to be used in the
optical transfer assembly of a system using a large laser as a source.
The application of a high power laser with an optical aperture requires
careful consideration of the aperture substrate material, with reference
to the melting temperature. The laser power and energy and the time
duration of the beam pulse are also important. For applications where
the beam pulse is continuously or intermittently generated in groups,
the repetition rate and time between pulses is important. A repetition
rate should be selected that provides a packet separation time that is
long enough to allow sufficient heat to be conducted away so as to
avoid damage to the aperture disc.

The aperture substrate material should be one that it is not deformed
or partially vaporized by the laser beam. The material of a high
energy or high power aperture disc should both conduct away
sufficient heat and have a highly reflective surface facing the laser. In
concurrence with this, it is advantageous to mount the aperture disc in
a heat conducting holder. Table 1 outlines the melting temperature!
for a few of the more common pinhole aperture substrate materials.

Reflectivity

Table 2 outlines the normal incidence reflectivity? for select materials
in the Nd: YAG wavelength range of 1.064 y for the standard (#10)
or polished finish of the material. The surface of these materials will
reflect most of the laser energy incident upon them such that only a
few percent of the energy will be absorbed and thereby provide
heating. It should be noted that silver reflectivity degrades rapidly
when exposed to air. The surface is then no longer silver, it is silver
oxide or silver sulfide. Before exposure to air, silver may be coated
with a material that is transparent in the laser wavelength. In this
manner, the the high reflectivity can be maintained. Such coatings
are not practical unless they can withstand the high temperature of the
laser beam environment.

A similar degradation occurs when copper is exposed to air however,
the reaction time is considerably longer than the near instantaneous
reaction of silver. If all other operational parameters are stable, a
degradation in system performance provides an indicator for the
condition of the copper surface. If maximum surface reflectivity is a
requirement for your system, the surface should be repolished on a
regular basis. To maintain high surface reflectivity, spare copper
units should be stored in an inert atmosphere.

Aperture substrate discs with a highly reflective surface facing the

Material Melting
Temperature

Alumina 1750°C

Copper 1083°C

Diamond 3550°C

Gold 1063°C

Graphite 3727°C

Hastaloy C-22  1356°C

Iridium

2443°C

Molybdenum 2610°C

Platinum

1769°C

304 Stainless 1397°C
316 Stainless 1370°C

Tantalum 2980°C

Tungsten 3380°C
Table 1

Material Reflectivity, %
At 1.06 u

Aluminum 95

Copper 98

Gold 98

Platinum 80

Rhodium 84

Silver 99
Table 2



laser provide the advantage of reflecting away most of the energy so

that the disc is not damaged by heat. The disadvantage of the

reflective surface is the possible introduction of scattered light in the Material Thermal
optical axis of the system. The use of optical baffles throughout the Conductivity*

system will eliminate or significantly reduce scattered light.
Alumina 0.060

Aluminum 6061 0.410
Brass, Naval 0.280

Thermal Conductivity Chrogaium 0.160
For high power/high energy aperture applications, the ideal substrate Copper 0.918
; . : p : Gold 0.705
would be the one with the highest melting point, highest thermal Graphi
S A 5 e raphite 0.037
conductivity for heat sinking and the highest reflectivity at the laser
; - Hastaloy C 22 0.030
wavelength for the polished surface. Most aperture applications Incopel 0.036
disallow this ideal condition and compromise is in order. Iridium 0.141
For reference, Table 3 outlines the thermal conductivity3 of a few I\N/IIZL)?C“H’ g'ﬁg
aperture substrate or aperture coating materials. Those materials . ‘
§ ; e : Platinum 0.166
with the highest thermal conductivity value provide the best heat- Rhodi 0210
inking characteristic e :
SIRNIDg : Silver 1.006
. . Stainless, 410  0.057
Aperture Material Selection Stainless, 304  0.036
. . ) IO Tantalum 0.130
In the‘laser flqld, experience and heritage are _often the gu}dellnes for Tungsten 0.476
selection of pinhole aperture substrate materials. There is no direct
means by which one may calculate the expected temperature of a *Cal/cm/sec/°C
given aperture disc when irradiated with a laser beam of known Above values at room temp.
power or energy. Modeling based on the first principles of Physics is
not a reliable method to use for this endeavor. High resolution, Table 3

detailed matrix modeling could produce useful thermal predictions.
However, this is a labor, computer time and software intensive effort.
As an alternative, there is empirical measurement and the trial and
error method. For empirical temperature measurement, there are
some moderately accurate high temperature optical pyrometers on the
market today. Pyrometer response time is generally significantly
slower than the laser pulse duration and this may disallow a viable
measurement. Given the relatively low cost of precision apertures,
the trial and error method is practical and less labor-intensive. Select
several aperture materials with melting points above that of the
estimated temperature of the laser beam environment. One face of
the aperture disc should be polished so as to reflect away a large
percentage of the laser power. The aperture disc holder should be
fabricated of a high heat conducting material. Empirical testing of
the apertures in the laser environment will generate an aperture
material performance data base that is unique to your system.
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