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Introduction
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• Todays warfighters face a myriad of laser hazards and threats (both friendly and unfriendly) in the battle space. 

• These lasers can be visible or non-visible but both types can cause damage to the human eye. 

Illuminators

Range Finders HEL’s

~ 800-870 nm

1064 nm > 1064 nm



LEP Options for NIR and Green Dazzle Lasers
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Design Type NIR Green IVPT-E IVST-E Device

All Dye
Green Dye 

@ 6 OD
Orange Dye 

@ 2 OD
35% 16%

Hybrid
(Dielectric

& Dye)
Dielectric

Orange Dye 
@ 2 OD

45% 31%

All Dielectric Dielectric Dielectric 65% 63%



Adding Green Laser Dazzle Problem
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1,200 Reported Incidents to CAA in 2016—Up 740 from 2009

• Inexpensive lasers being used to distract 

pilots

• Most incidents are distraction and glare 

hazardous but potentially lethal

• Flash blindness cause afterimages, eye 

discomfort, blurry vision and headache

• Concern for both civilian and military pilots

• Law enforcement measures alone not 

capable of preventing lasing events

Normal Cockpit View Laser Distraction



Green Laser Dazzle Problem
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Normal Cockpit View Glare & Disruption and Flash Blindness



Traditional Absorptive Dyes – The Issue
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Most Common NIR LEP Absorber Affect Color Perception and Penalize the Visible Spectrum 
that Only Gets Worse When Combined with Visible Absorbing Dyes  

Neodymium LEP Visor
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Color 
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Performance for Levels of 3-7 OD 1064 Protection



Additional Weaknesses Include:
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• Off set absorbance peak leading to high 

loading levels

• Loses both OD & %T under solar 

exposure

• Not fully compatible with some dyes used 

in the visible

Wavelength % of Peak

1006 100%

1064 56%

870 44%

820 23%

Dye Peak
1006

Dye Peak
1006

800800

870870
10641064
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Design Challenge

Develop an alternative NIR filter technology with higher transmittance and less 
impact on color perception while maintaining high blocking strength.

Approach

Utilise Qioptiq laser blocking multilayer dielectric coating technology on Gentex 
designed lens and material system.

Multilayer Dielectric Laser Filter

A vacuum deposited thin-film coating made from alternating layers of high and 
low index optical materials.  

• Dielectric coatings filter, known as reflective filters or thin film filters work by 

reflecting selected frequencies whilst letting the other frequencies pass through

Advantages

• The reflective coating process can be more precise and the frequencies 

controlled by sequence and thickness of coatings

• Increased VLT

Disadvantages

• Damage to coated surface affects laser protective properties

• High impacts can release coating from surface

• Coating requires secondary protection

Reflective Filters – An Alternative



Gentex Lens Systems for Visors & Spectacles
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• Two-piece polycarbonate lens system 
comprised of a front piece (cap) and a rear 
piece (base).

• Optically designed to work in a bonded 
configuration with zero prismatic deviation and 
zero power.

• Dielectric coating is applied to concave side of 
cap and after bonding is encapsulated and 
protected.

PowerPrism
Distortion

Cap Base Bonded Edge View



Product & Process Development

		

Dazzle Laser Defense Eyewear

Technologies Required

• Dielectric coating

• Optical bonding of the lens substrates

• Optical testing of the assembled lens

• Optical bonding

– Developed cap and base optical sub-systems
– Dielectric coating applied to inner cap surface
– Dielectric coating encapsulated between two optical 

interfaces
– Bonding techniques to ensure alignment and optical 

integrity

Non-ITAR Technology



Results of NIR Dielectric Step-In Visor
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• Reached OD 2 to >4 at 800-870 nm and OD 4-6 at 1064 nm 

for 0-40� AOI

• Reached high visible light transmission > 80%

• Low haze values <2%

• Low colouration effects on through-world vision

• Full impact protection for the coating 

Visible � band
IVPT > 80%

Laser Blocking Band

Protection OD

0� AOI0� AOI

40� AOI40� AOI



Dielectric Coating ‘In-band’ Protection 
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Day & Night Solutions

• Coatings can be combined with a variety of dyes

� Neutral ND blocking for Day solutions
� Laser dazzle solutions 

• High transmission filters possible

� Visible light transmission ~65% (without dye)
� OD2 +/-25o AOI
� Protection trade-off – visible transmission vs. protection
� Low haze (<2%)
� Low colouration

• Can be applied to both spectacles & Step-in Visors 

• Can be applied to a range of lens designs for compatibility with air/ground 

crew head-gear
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Independent Validation 
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Test Systems Manufactured and Under Evaluation with International Agencies

• Step-In visors and spectacles have been coated and assembled

• Aim of the program to look at effectiveness of dielectric coatings across 

complex frequencies

• Assess the change in angle of incidence of the laser to the level of protection 

offered by the coating

• Assess the robustness of the bonded cap and base with encapsulated coating



Technical Results 
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All Polycarbonate Spectacles
& FPV to OD 3+ Specification

• VLT > 80% (as a laminated structure with no AR coatings applied)

• Haze < 1.5%

• L3 blocking to > OD4 (0 to 40o AOI)

• OD protection uniformity +/- 0.1OD across whole FPV area



Conclusions
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• An alternative to traditional absorptive dye for NIR protection has been developed 

and demonstrated.

• The multilayer dielectric coating shows superior transmission as compared to the 

NIR for equivalent levels of protection.

• The dielectric coating has excellent color neutrality does not affect color perception.

• Dielectric coating applied in ‘inner’ surfaces of the laminated structure and is 

protected from damage.

• It can be combined with either dyes of in-band dielectric notch filters to address 

visible dazzle protection.

• Anti-reflection coatings can be added to the exterior lens surfaces to further increase 

transmittance while reducing unwanted reflections.

• Can be applied to a range of lens designs for compatibility with air/ground crew 

head-gear.

Dielectric Ground Goggle Prototype

View Thru Dielectric Ground Goggle
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Questions?


