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Polycarbonate Leads in LED 
Applications
Polycarbonate (PC), polymethyl methacrylate (PMMA) and, to a lesser extent, glass, have traditionally 
been chosen for LED optical applications. Bala Ambravan, Global Product Marketing Director of SABIC, 
compares these optical materials and explains why polycarbonates are the first choice for most LED 
lighting applications.

Technological advancements 
in light-emitting diodes (LEDs), 
such as higher lumen output and 
longer life spans, together with 
their expansion into the huge 
general lighting market (LEDs are 
estimated to capture a 43% share 
of that sector by 2016 and 64% 
by 2020 [1]), have accelerated the 
use of polycarbonate (PC) resins 
in various optical applications 
for LEDs such as lenses, covers, 
tubes, pipes, diffusers and 
reflectors. 

LED technology is rapidly changing to 
meet market demands for higher 
brightness, improved aesthetics, lower 
costs and longer useful life. These 
trends have raised concerns about 
components of LED lighting fixtures. 
One issue is how to increase the 
durability of these components to 
match the exceptional – and growing –  
life span of the LED modules 
themselves. Another is improving 

luminous efficacy (using less energy to 
achieve the same brightness), which is 
being addressed in part by increasing 
the light transmission performance of 
optical lenses and covers. Still another 
challenge is enhancing the quality of 
LED light for residential applications 
(making it softer and closer to 
incandescent lighting and avoiding hot 
spots) to drive consumer adoption. 
Finally, because LED costs remain 
comparatively high, it is important to 
protect these expensive modules with 
impact-resistant components.  

New PC technologies like SABIC’s 
improved-clarity PC technology offer 
potential solutions to all these issues. 
Although polymethyl methacrylate 
(PMMA) and, to a lesser extent, glass, 
have traditionally been chosen for LED 
optical applications, both materials 
have drawbacks that these new PC 
materials avoid. Further, as LEDs 
continue to evolve and raise the bar on 
requirements for optical components, 

the high-performance attributes of PC 
easily accommodate new demands 
– higher temperature ranges and 
longer exposure to heat, tougher 
flammability requirements and new 
designs (Figure 1). 

Overall, improved clarity PC 
technology provides a comprehensive 
value proposition to meet current and 
future requirements from molders, 
manufacturers and regulators. This 
benefits package includes exceptional 
mechanical properties and durability; 
light transmission on par with PMMA, 
freedom to design and mold innovative 
configurations and build in specific 
diffusion levels; and most critically, 
compliance with safety and 
sustainability mandates. 

These next-generation PC resins are 
engineered with improved monomers 
and are produced using an innovative, 
technologically advanced process. 
This results in high-purity resins that 
provide significantly improved light 
transmission as molded and after 
heat aging, as compared to 
“standard” and “optical grade” PCs, 
as well as other performance 
enhancements. Improved-clarity 
resins are helping to drive the growing 
prominence of PC in the LED market, 
particularly the general and 
automotive lighting sectors.

Following are the major advantages of 
improved-clarity PCs over traditional 
acrylics and glass for LED optical 
components (Figure 2).

Figure1:
Improvements 
in polycarbonate 
from standard PC 
to Optical Quality 
PC to Improved 
Clarity PC when 
positioned for 
LED applications. 
Superior optical 
properties (as 
molded and post 
aging – thermal 
and UV) with lower 
Yellowness Index 
is desirable
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PC Goes the Distance
One of the chief advantages of LEDs 
is their extended useful life of >30,000 
hours (more than 10-15 years). While 
this long life span means LEDs are 
more environmentally responsible and 
cost-effective than previous types of 
lighting, it raises concerns about the 
durability of LED lenses, tubes, 
reflectors and covers. Will these parts 
last as long as the LED itself without 
degrading from exposure to heat and 
ultraviolet (UV) light? Will covers and 
lenses effectively protect the 
expensive LED light source from 
impact and damage, particularly in 
residential retrofit applications where 
consumers handle (and sometimes 
drop) the replacement lights?

Improved-clarity PC resins provide an 
array of performance properties that 
help LED lights operate effectively over 
their full useful life. First, PC is 
renowned for outstanding impact 
resistance that surpasses the 
performance of PMMA by a factor of 
10 in typical lab or practical impact 
measurements and that of glass by a 
factor of 30. 

Because LEDs are increasingly used 
for architectural lighting, exterior 
lighting (e.g., parking lots, streetlamps) 
and automotive applications, 
weatherability is critical to optimal light 
transmission and life span. Depending 
upon their formulation, improved-
clarity PC resins can provide UV/
weatherability resistance according to 
UL746C with the necessary F1 rating. 

Resistance to UV light, which can 
cause yellowing and embrittlement of 
polymers, is a major aspect of outdoor 
exposure; however, even interior LED 
fixtures must be able to withstand UV 
radiation from ambient light and 
sometimes from the source itself. 
Improved-clarity PC resins offer 
enhanced anti-yellowing performance 
to maintain light transmission and 
resist becoming brittle so they retain 
their excellent impact properties.

In outdoor lighting, transparent, 
weatherable PC resins offer a welcome 
alternative to both glass and PMMA 
because they combine high impact 
performance to protect the solid-state 
LED from vandalism and other threats, 
meet stringent UL requirements for 
weatherability and flame retardancy 
and optimize forward transmission of 
light. In contrast, breakable glass does 
not provide sufficient impact 
protection, and PMMA does not meet 
UL94 V0 requirements. 

Heat aging, another key aspect of LED 
life span, is becoming even more 
important as high-brightness LEDs 
(HB LEDs) with higher lumen outputs 
place added stress on optical 
components. Improved-clarity PCs 
can handle extended exposure to 
temperatures of 110°C to 130°C, which 
is a developing trend for HB LEDs, 
while retaining their mechanical and 
optical properties.

PC Strikes the Right 
Balance
Some LED applications, such as 
downlights and spotlights for industrial 
or commercial spaces, call for 
maximum brightness. Also, designers 
and manufacturers are looking for 
ways to reduce LED costs by 
optimizing brightness while minimizing 
power consumption. In these cases, it 
is vital to take full advantage of every 
lumen produced by the LED module. 
In contrast, applications such as 
residential lighting require a uniform, 
diffuse light that hides hot spots. 
Covers, lenses, tubes and reflectors 
used with LED light sources play a 
crucial role in striking the right balance 
between transmission and diffusion. 

Figure 2:
Physical and 
optical properties 
of glass, PMMA/
acrylic and 
polycarbonate. 
Outer portions 
of the chart have 
higher desirability 
for each property

Figure 3:
Yellowing due 
to UV exposure 
is one major 
problem 
in outdoor 
applications. 
Improved PCs 
retain their 
gloss and color 
stability up to 5 
times longer than 
standards PCs 
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Improved-clarity PC materials offer 
high transparency that can provide ~ 
90-92 percent light transmission, 
nearly comparable to that of PMMA. 
This capability makes them suitable 
for HB LEDs used to retrofit high-
intensity discharge (HID) fixtures and 
fluorescents, as well as for flashlights 
and automotive headlamps. 

When diffusion is required, specialized 
PC resins can provide a broad 
spectrum of light management to 
customize hiding power levels without 
compromising forward light 
transmission (Figure 4). Different 
diffusion technologies can provide 
narrow-angle or wide-angle light 
scattering, while diffusers plus 
opacifiers combine translucent 
scattering with wide-angle light 
scattering. PC manufacturers may be 
able to tailor diffusion properties to 
meet customer requirements. 
Diffusion-based PC products also 
provide a “system” solution that could 
be more effective and cheaper than a 
diffuser film that is often used in such 
applications.

Specialized anti-dust grades of PC can 
meet requirements for reflectors used 
in LED downlight applications. These 
reflectors need to provide diffused light 
(rather than specular reflection) and 
retain their reflective properties over 
the life of the downlight. Anti-dust 
capability helps to maintain long-term 
reflectivity performance. At the same 
time, although the PC grades are 
highly filled, they retain their excellent 
mechanical properties. Finally, the 
design freedom provided by PC 
facilitates the creation of diverse 
reflector shapes. In contrast, anti-dust 
PMMA materials cannot deliver 
equivalent mechanical performance 
and do not meet UL94 V0 flame 
retardancy requirements.  

PC Takes the Heat
LEDs generate heat that is not fully 
dissipated by heat sinks. Therefore, 
materials used for lenses, reflectors 
and covers in close proximity to the 
light source must be thermally stable 
and flame retardant (FR). Heat 
generation is increasing due to higher 
brightness of LEDs that require at 
least 1 W of power or more.  
 

Miniaturization to reduce material 
costs and meet market demands is 
also contributing to higher 
temperatures:  not only are LEDs 
positioned closer to other 
components, but heat sinks are 
shrinking due to lack of available 
space and therefore are less able to 
dissipate heat. 

In fact, typical operating temperatures 
for HB LEDs are already around 
80-90°C, and are expected to go 
higher by 20-30°C as more powerful 
modules and smaller form factors are 
developed. Specialized PC resins 
address this trend by providing 
thermal resistance up to 130°C, which 
represents an improvement of 
20-30°C over standard PMMA. Above 
110°C, PMMA begins to deform. 

As mentioned earlier, improved-clarity 
PC grades retain their high light 
transmission and mechanical 
properties after extended heat aging, 
even at elevated temperatures. Some 
of the LED replacements for higher 
wattage incandescent bulbs  
(e.g. 75 W or 100 W) already require 
temperature resistance over 120°C.

From a safety perspective, the 
improved-clarity PC resins provide 
flame retardancy meeting UL94 V0 
down to 1 mm and V2 down to 0.75 
mm with high transparency. Although 
the global safety standards for LED 
lighting are still evolving (UL in the 
United States, IEC in Europe and in 
Asia, UL, IEC or specific local 
standards), PC provides a higher 
ceiling in FR and thermal resistance 
performance to accommodate 
evolving regulations. In contrast, 
PMMA does not meet these UL 
standards (it complies with the UL94 
horizontal burn rating only).

In addition to compliance with safety 
standards, these clear, flame-
retardant PCs use FR technology that 
supports environmental directives. By 
avoiding bromines, chlorines and 
phosphates, these materials comply 
with eco labels and regulations such 
as the European Union’s Restriction of 
Hazardous Substances (RoHS) 
directive. 

Figure 4:
A typical A19 
retrofit light bulb 
mostly uses a light 
diffusing PC cover
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PC Expands Design 
Freedom
The general lighting industry is 
fragmented and complex. According 
to McKinsey & Company, “Further 
complexities are created by the 
advent of LED. This totally different 
technology for emitting light is 
upending the role of the replacement 
business and transforming the 
landscape of the lighting industry 
value chain entirely [1]. The diversity of 
the market is creating the need for 
versatile materials that combine high 
performance with attractive aesthetics 
and innovative designs. 

LED designs are already far more 
diverse than those used for 
incandescent or fluorescent lighting. To 
address this trend, plastics such as PC 
offer a choice of processing methods 
(injection and blow molding, extrusion), 
molded-in color and the ability to create 
complex shapes, including part 
integration. Glass presents significant 
design limitations in these areas.

When comparing plastic types, PC 
surpasses PMMA in the breadth of its 
design window. In particular, PC 
enables sharp corners and notches that 
can further accentuate PMMA’s 
weakness in impact strength. When 
extruding large diffuser sheets used for 
wall and ceiling LED applications, PC 
maintains its impact and rigidity better 
than PMMA, which tends to sag. 
Similarly, PC’s dimensional stability, as 
well as strength and toughness, enable 
thin-wall molding (ranging from 0.5 mm 
to 1.0 mm) for cost savings and weight 
reduction as well as significantly 
improved light efficiency.

Another benefit of PC is molded-in 
color capability to enhance LED lighting 
aesthetics for broader consumer appeal 
and greater design choice.

One interesting area for LED design 
innovation is automotive headlamps. 
LEDs are being used for special 
lighting enhancements including “angel 
eyes” accent lights (a halo effect) and 
strips of small LEDs used for daytime 
running lights or fog lamps, which have 
been pioneered by Audi and 
Mercedes-Benz. Versatile PC resins 
can contribute high light transmission 
combined with UV resistance, impact 
resistance and high heat tolerance to 
these distinctive designs. 

Specialty PC resins have also been 
engineered with high reflectivity 
performance. These materials can be 
used in headlamp reflectors to 
maximize the luminance of LED 
modules without the need for 
secondary coatings or plating. They 
also offer the opportunity to integrate 
the reflector into the LED module.  

In architectural lighting as well as 
automotive lighting, PC is an excellent 
choice for light pipes or tubes, which 
are used to move light from its source 
to its destination by channeling it over 
a few millimeters or up to 100 meters. 
Light pipes provide design flexibility 
and eliminate components and 
assembly steps. PC provides the right 
balance of optical properties 
(transmission and refractive index), 
durability and processability (extrusion 
or profile) for these applications 
– particularly long, thin pipes. 

Conclusion
PC is becoming a preferred material 
for tubes, covers, lenses and reflectors 
in LED lighting designs. Specialized PC 
grades have been engineered with a 
range of desirable performance 
attributes – from thin-wall capability to 
exceptional heat aging performance to 
sustainable FR systems – which build 
upon the material’s classic impact 
resistance, toughness and clarity. As 
LED technology races ahead, new 
applications are developed, new 
markets are penetrated and 
regulations evolve, PC resins provide 
the variety, performance and versatility 
to meet these new challenges. 

Figure 5:
Modern plastics 
are not only useful 
for optics, they 
can also be tuned 
for excellent heat 
management like 
the LNP* Konduit* 
(white) used in the 
Leedarson Candle 
Bulb
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