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LASER LENSES & THE SCIENCE OF PROTECTION

How Laser-Absorbing Dyes Work—And
Why a Green Lens
Doesn’'t Mean Laser-Safe

Prepared for our customers by Epolin — formulators of laser-protective absorbing dyes since 1983



Why Laser Light Behaves Differently

Ordinary light spreads and mixes wavelengths. Laser light concentrates all its energy into one very narrow, focused beam — which is exactly
what makes it useful, and hazardous.
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Monochromatic Coherent Directional
Emitted at a single, precise wavelength rather Photons travel in the same phase and Delivered as a narrow beam that stays focused
than a mix of colors. frequency, reinforcing each other. over distance, concentrating energy.

@ Many hazardous beams are invisible. UV and infrared wavelengths fall outside human vision, and the retina has no pain receptors — so there is

no warning sensation before damage occurs, and no blink reflex to protect against it.




Five Laser Types Behind Today’s Applications

Lasers are classified by the gain medium that produces the beam. Each type carries its own typical wavelength range — which is the starting point
for choosing the right protective dye.
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Gas

Narrow, well-defined
wavelengths (e.g. CO2) — still
common for cutting and
welding.
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Liquid

Organic dyes dissolved in
solvent, excited by a flashlamp
or another laser.
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Semiconductor

Diode-based, mostly near-
infrared — the engine of many
modern devices.
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Solid-State

Crystal or glass doped with rare-
earth elements (e.g. Nd:YAG);
very high power.
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Fiber

Doped optical fiber resonators;
efficient, long-lasting, popular
for pulsed work.



The Eye Has No Defense Against It

The lens of the eye focuses light between roughly 400-1,400 nm and concentrates it

onto a tiny area of the retina — turning a beam into an intense, damaging point of heat.

g Faster than a blink

Retinal heating happens quicker than the human blink reflex can respond.

@ No pain receptors

The retina cannot signal damage as it happens — vision loss is often the first sign.

0 Reflections count too

Some beams are strong enough that even a diffuse reflection can injure the eye.
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BEFORE ANY LASER IS USED

Two questions every laser user must answer:

o Is laser eye protection required for this beam?

. Are there other hazardous light sources present
(welding arcs, IPL, etc.)?

Class 3B and 4 laser environments in the U.S. are required
to have an appointed Laser Safety Officer (LSO) to oversee
these determinations.



Laser Hazard Classes (IEC 60825-1 / ANSI Z136.1-2022)

A standardized seven-class system defines exposure limits — the first step in deciding what level of eyewear a task requires.

® Class1 / 1M Safe under normal use (1M unsafe through telescopic optics)

@® Class2 / 2M Visible beams (400—700 nm) — safe due to the blink reflex (2M unsafe through telescopic optics)
Class 3R Careful handling required; restricted direct beam viewing

® Class3B Hazardous on direct exposure; safe only as a diffuse reflection

@® Class4 Severe, permanent eye and skin damage — direct or reflected
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How a Protective Lens Actually Blocks a Laser

Protection comes from absorbing dyes engineered into the lens material — chemical structures that absorb photons at a target wavelength and dissipate
that energy as heat, rather than letting it pass through to the eye.

oD 0 oD 1.0 0D 2.0

100% 10% 1%

All light energy passes through Only a tenth of the energy gets through Ninety-nine percent of the energy is absorbed

Optical density (OD) is a logarithmic measure of how much laser energy a lens blocks at a specific wavelength — and it must be validated by lab testing against the
real laser, including the destructive damage-threshold test that EN 207 / ISO 19818 require.
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COLOR IS NOT PROTECTION

Why a Green Lens Doesn’t Mean “Laser-Safe”

The tube pictured here is glowing bright green under a laser — but that glow is the dye interacting with the beam, not
proof that the beam has been safely blocked.

A lens’s visible color tells you which everyday light it reflects — it says nothing about how much energy it absorbs at the
laser’s exact wavelength.

meaningful protection at that wavelength at all.

Dyes can fluoresce — absorbing one wavelength and re-emitting visible light at another — which is a striking effect, but a
different phenomenon from the absorptive OD needed to protect the eye.

The only way to know a lens is laser-safe is independent lab testing at the actual wavelength and power — certified to EN
207 / 1SO 19818 (or ANSI Z136.7 in the U.S.) — never the tint alone.

‘ Two lenses can look like the same shade of green while one is certified to a Class 4 wavelength and the other provides no



Every Certified Lens Starts as a Custom Formulation

Before a dye ever reaches a molded lens, it is modeled, synthesized, and tuned to a specific application. These are the questions our team works through
with every formulation:

o What does the wearer need to see through the lens? o UV protection requirements

o Target optical density (OD) for the laser in use o Visible light transmission (VLT) needed for daytime tasks
o Laser wavelength(s) in nanometers o Scotopic light transmission (SLT) for low-light conditions
o Lens or filter thickness

Computer modeling lets us validate a formulation against target specifications before the cost of full certification testing — shortening the path from

concept to a lens that actually performs as intended.
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The Bottom Line

Never judge laser eyewear by its color.
Trust the certification.

Only OD ratings verified by independent lab testing at your exact wavelength — certified to EN 207 / I1SO 19818 (or
ANSI Z136.7 in the U.S.) — confirm a lens is laser-safe.

Have a specific laser wavelength or application in mind?
Epolin’s technical team can review your requirements and discuss dye or polycarbonate pellet options.

www.epolin.com | Newark, New Jersey, USA
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