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of the first A4 paper-
sized semitransparent
perovskite solar
module prepared by
Saule Technologies.
(Courtesy of Saule
Technologies)

Photovoltaics

Collaboration helps scale perovskite
photovoltaics for commercial deployment
The involvement of industry partners and clients

in the new product development process directly
benefits the scaling of perovskite PV technology

from the lab to commercial and industrial applications.
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Photonics Products: Lidar Systems
Automotive lidar draws heavily

on photonics industry

The overlap is large between automotive lidar and
familiar names in the photonics industry. John Wallace
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Novel Optics/In Vivo Imaging
Real-time 10 trillion fps camera
will facilitate in vivo imaging
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Non-laser Light Sources

High-luminance LEDs

target emerging automotive

lighting applications

Now approaching luminance of 200 million nits,
phosphor-converted LEDs target applications
that not only provide concentrated illumination
at low cost, but also enable dynamic pixelated
lighting that can convey information. Jy Bhardwaj
and Oleg Shchekin

Advances in Optical Systems
Chalcogenide’s place in the infrared
optical materials spectrum

Many optical materials exist for designing

IR optics; chalcogenide BD6 has some
advantages when compared with legacy
materials. Andrew Locke, Alan Symmons, and

Mark Lifshotz

Motion Control

Active piezo shims improve
precision of optical assemblies
Because of the nanometer-range resolution

of their piezo elements, active shims cover
applications in precision engineering and
alignment of optical components and systems.
Mathias Bach and Stefan Vorndran

)

Optogenetics/Brain Research

Optical developments take
optogenetics deeper, less invasively
Optogenetics has rocked the world of
neuroscience for more than a decade now.

But neuroscientists want more from the
technique—and less, including more depth and
less invasiveness. Barbara Gefvert, Editor in Chief,
BioOptics World
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Chalcogenide’s place in the infrared
optical materials spectrum

ANDREW LOCKE, ALAN SYMMONS, and MARK LIFSHOTZ

Many optical materials exist for
designing IR optics; chalcogenide BD6
has some advantages when compared

with legacy materials.

A wide variety of infrared (IR) optical
materials is available to the designer
(see Fig. 1)—when designing IR optics,
a number of factors must be consid-
ered in regard to what materials to use.
These factors include refractive proper-
ties, optical transmission, athermal per-
formance, hardness/durability, environ-
mental susceptibility, weight/density,
fabrication techniques, and cost. Some
of these factors are interrelated. For ex-
ample, for some materials, their optical
transmission is high at room tempera-
ture, but is reduced at higher tempera-
tures. With all of this in mind, material
options need to be considered carefully
when designing IR optics.

BD6 chalcogenide
For optical engineers and lens design-
ers, chalcogenide (ChG) is quickly be-
coming a top choice among IR mate-
rials. Chalcogenide is an amorphous
glass and is easier to work with than
conventional IR crystalline materials.
A number of different chemical com-
position choices exist for ChG, but
BD6, composed of arsenic and seleni-
um (As, Se, ), represents the best choice
from a cost and ease-of-manufacturing
perspective.

BD6 (see Fig. 2) has numerous advan-
tages in comparison to other IR materi-
als, including high refractive index, low

weight, low cost (thanks,
in part, to a germani-
um-free composition),
athermal performance,
high transmission, and
flexible fabrication. BD6 has a refrac-
tive index of 2.75 to 2.85 across the IR
spectrum, making it a very suitable ma-
terial for powered optics. With a densi-
ty of 4.63 g/cm?®, BD6 has a low weight
(as compared with other IR materials),
making it ideal for weight-sensitive ap-
plications such as aerospace. The cost
of BD6 is less than most other durable
IR materials. With a low thermo-op-
tic coefficient (dn/dt) of 30 x 10-%, BD6
can help designers achieve better ather-
mal performance. Uncoated BD6 glass
has transmission above 60% across the
entire IR spectrum. ISP Optics offers a
high-efficiency broadband antireflective
(HEAR) coating for BD6 with an av-
erage transmission of more than 95%
for the longwave-IR (LWIR: 8-12 pm)
band.

Another advantage of BD6 glass over
other IR materials is its flexibility with
regard to fabrication techniques. In ad-
dition to conventional grind and pol-
ish techniques, the relatively low T,
(~200°C) of BD6 allows precision glasg
molding to be used for lens fabrication.
Similarly, BD6 glass is neither too hard
nor too brittle and, as such, it can be
diamond-turned as well. ISP Optics
and LightPath are capable of us-
ing all three of these techniques
for BD6 fabrication. As such, the
vast majority of customer cost,
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lead time, and performance require-
ments can be accommodated.

Other IR materials

While BD6 is a superior choice for many
IR optical applications, ISP Optics does
offer IR optical components fabricat-
ed from a number of other materials.
These materials include semiconduc-
tors, such as germanium (Ge), silicon
(Si), gallium arsenide (GaAs), and cad-
mium telluride (CdTe); zinc compounds,
such as zinc sulfide (ZnS) and zinc sele-
nide (ZnSe); water-soluble crystals, such
as potassium bromide (KBr), sodium
chloride (NaCl), and potassium chloride

Germanium (Ge)
Silicon (Si)
Gallium arsenide (GaAs)
Cadmium telluride (CdTe)
BD2 (GegSb12Ses0)
BD6 (AS405€50)
Zinc selenide (ZnSe)
Thallium bromoiodide (KRS-5)
Zinc sulfide (ZnS) (Clear grade)
IR fused silica (SiO3)
Sodium chloride (NaCl)
Potassium bromide (KBr)
Potassium chloride (KCI)
Sapphire (Al,O3)
Crystal quartz (SiO3)
UV fused silica (SiO5)
Barium fluoride (BaF5)
Calcium fluoride (CaF,)
Magnesium fluoride (MgF5)
Lithium fluoride (LiF)

100

0.1 1 10

FIGURE 1. Numerous materials suitable for

use in IR optics include chalcogenide glasses,

semiconductors, water-soluble crystals, and others;
the chalcogenides are shown in blue.
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(KCl); fluorides, such as magnesium fluo-
ride (MgF,), calcium fluoride (CaF,), and
barium fluoride (BaF,); and other mate-
rials, such as fused silica and sapphire.

Prior to the rise in popularity of ChG,
semiconductor materials have been the
traditional workhorse IR materials.
Germanium, for example, has historical-
ly been the most popular infrared mate-
rial—it has several advantages, including
the highest index of refraction (~4) of all
IR materials, it is easily diamond-turn-
able, it naturally blocks UV, visible, and
near-IR (up to ~2 pm) light, and it also
has high transmission in the MWIR and
LWIR bands. Germanium does have its
disadvantages,
however, includ- »
ing a high mate- : ;
rial cost, a large
thermo-optic co-
efficient (result-
ing in poor ather-
malization), and a
very high density and thus weight. In par-
ticular, Ge is prone to thermal runaway,
whereby the material becomes complete-
ly opaque at higher temperatures. Other
semiconductor materials do not have the
same tradeoffs as germanium. For exam-
ple, Si has a very low density, making it
more appropriate for weight-sensitive ap-
plications. However, it absorbs heavily in
the 8—12 pm range, making it inappropri-
ate for use at these longer wavelengths.

Zinc compounds offer a number of ben-
efits for IR applications. Zinc selenide (see
Fig. 3), for example, offers high transmis-
sion across the IR spectrum (out to 16
pm), high refractive index, strong resis-
tance to thermal shock, and is easily dia-
mond-turnable. This material’s resistance
to thermal shock makes it very suitable for
high-power laser applications. Zinc sul-
fide, the other zinc compound utilized as
an IR material, offers high transmission in
the IR out to 12 pm, low absorption, and
is diamond-turnable. In addition, while
both ZnSe and ZnS offer transmission in
the visible as well, they are both not mold-
able and are even more costly than Ge.

For very cost-sensitive IR optical ap-
plications, water-soluble crystals are
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potentially a good option. They are among
the least expensive optical materials that
have high transmission deep into the IR as
well as in the visible. While water-soluble
crystals do have their advantages, they are
not without their drawbacks as well. They
are highly hygroscopic materials and, as
such, require humidity-protective coat-
ings for the vast majority of applications.
In addition, many of these materials are
soft and brittle, which means they are not
diamond-turnable. The primary applica-
tion for this class of IR ma-

terials is for windows in
f a gas/liquid sample cells
‘ for spectrometers. In

-

FIGURE 2. Plano-aspheric lenses of BD6 chalcogenide glass are
reflected in a sphere of the same material.

addition, KCl is used to craft protective
windows for carbon dioxide (CO,) lasers,
as KCl has a low refractive index at 10.6
pm and a high damage threshold.

FIGURE 3. Zinc selenide, a commonly used IR optical material,
has a large spectral transmission range, but is expensive and not

moldable.

For IR applications where high opti-
cal throughput is a priority, CaF, can be
advantageous. With an uncoated trans-
mission above 90% out to 7 pm, CaF,
is highly transmissive in the near-IR and
MWIR bands. As such, this means that
fabrication is often simplified when using
this material, as AR coatings often aren’t
needed. While CaF, is a brittle material,
it is diamond-turnable. Unfortunately,
CaF, is also fairly hygroscopic and, as
such, does degrade due to moisture.
Barium fluoride, like CaF,, has an un-
coated transmission above 90%, but out

even further than CaF,—out to 9.5 pm.
Also, like CaF,, BaF, is diamond-turn-
able. However, BaF, is very susceptible
to thermal shock and is even more ex-
pensive than CaF,. Unfortunately, fluo-
ride materials are not moldable.

There are additional materials that are
suitable for IR optics. Water-free (also
known as IR-grade) fused silica, for ex-
ample, is an amorphous glass material
that has good transmission in the near-IR
(out to 3.5 pm) and good athermalization
properties. Unfortunately, because of the
very hard nature of this material, it is not
diamond-turnable. This makes it more
difficult and costly to fabricate aspheric
optics using fused silica. Sapphire is an
even harder material (it is second only
to diamond in terms of hardness), which
means it is not diamond-turnable. It is,
however, very durable—it can withstand
extremely harsh environments and has
a melting point that exceeds 2000°C.
Sapphire also features a high uncoated
transmission out to 5.5 pm. With a low
dn/dT, sapphire is well suited for ather-
mal applications.

While there are a number of materials
available for use when
designing IR optics,
chalcogenide BD6 has
a number of advantag-
es as compared with
conventional legacy
materials. These ad-
vantages include low
weight, low cost, high
transmission, flexible
fabrication options,
and others. Current IR applications are
more demanding than ever—however, the
great variety of optical materials now avail-
able enable the design choices needed to
meet the demands of these applications.<
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