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Solid-State Lighting Lifetime and Reliability
 RTI International, Research Triangle Park, NC 
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Introduction Electrical Reliability Testing of Dynamic White Lighting Tunable and Dim-to-Warm Products Summary

VREC+120 Vac
60 Hz

Driver Confgurations for TWL Systems Understanding Photometric Flicker of TWL Systems � Testing of multiple generations of OLED panels and 
luminaires has shown consistent improvement in luminous 

The objective of this efort is to understand and model the 
lifetime and reliability concerns associated with solid-state 

fux maintenance lifetime. The best products are projected 
to operate for >36,000 hrs at room temperature before 

lighting (SSL) technology. Endeavors are complicated by the 
cost and impracticality of real-time lifetime testing. This current 

20,000 

15,000 

Dynamic Lighting Systems 

Dynamic White Lighting (DWL) Dynamic Color Lighting (DCL) 
with White LEDs with Direct Emitter LEDs 

work highlights the importance of understanding how SSL 
products fail and, subsequently, communicating failure modes 

Two major types 
of tunable-white 
products are as 
follows 

and models to the SSL community. Our current work includes � D2W or
the following: warm-dimming. 

� Chromaticity and luminous fux maintenance of single-color � TWL products. 
and tunable-white light-emitting diode (LED) light sources, 
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decaying to 70% of the original luminous fux level. Luminous 
fux maintenance is impacted by the overall stability of the 
organic emitters as weighted by the photopic sensitivity 
curve (V(λ)). 

LED
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D2W or Warm-Dimming TWL 
� Chromaticity maintenance in OLEDS has also shown 

consistent improvement and is within industry expectation. 
Chromaticity shift is also afected by the relative degradation 
rates of the organic emitters. 

Schematic representation of a driver 
for operating a D2W product. 
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including dim-to-warm (D2W) 

� Accelerated Stress Test (AST) and health status indicators for 

15,000 

10,000 
Typically, a two-channel driver is used for both products, with 
diferences lying in method of control: 

Advantages of Dynamic Lighting Reliability and Other Concerns 
� In general, neutral white OLEDs exhibited better luminous 

fux maintenance than warm white OLEDs. However, 
SSL drivers 5,000 

• Can provide lighting fexibility for a space. • How is chromaticity maintenance and luminous fux maintenance 
impacted by the use of multiple light sources? What if they 

� Organic light-emitting diode (OLED) lighting � D2W has a single control input for both LED primaries (power). 

� TWL uses separate control signals for each LED primary. 

0 
warm white OLEDs typically exhibit better chromaticity 
maintenance. • Can be achieved with excellent luminous efcacy (>100 LPW) and 

color rendering. 
behave diferently? 20,000 

� Drivers remain a critical component of the reliability of SSL 
devices, and the multichannel drivers used in tunable sources 

• Are there new complications associated with having to maintain 
multichannel control in the driver, especially as the driver ages? 

15,000 

• Can administer lighting to improve circadian entrainment or other 
benefts of human-lighting interactions. 

Voltdc  LED Primary 1 120 V
60 Hz

ac 

SSL Program at RTI
Stage 1 Stage 2 10,000 

places even greater demands on system reliability. The EMI 
fltering and surge suppression circuits in a typical driver are 

V1(dc)

Vcc 

PWM 
• Testing procedures are not standardized. Should there be an 

expected setting profle? 

Control
IC 

Dimming
Control 

Control
IC • For DWL, presents a range of lighting options at colors around the 

black body locus. susceptible to degradation from environmental and electrical 
factors which can impact overall driver reliability. 

10.0 0 

20,000 

15,000 

10,000 

• Initial purchase price is generally higher than fxed CCT products 
but has been steadily declining. 

IC = integrated circuit 

PWM = pulse width modulation • For DCL, presents a much larger color gamut for lighting environments, 
including the possibility of lighting on the black body locus. Electrical

Performance 

� Many new tunable lighting technologies are becoming 
available in the market and the diferent LED technologies 

25.0 

20.0 

15.0 

10.0 

Vo
lta

ge
 (V

) 

Testing and Modeling 

ChromaShif
ticityt 

for the SSL Industry Degradation Processes 

Luminous Flux 

Maintenance Schematic representation of a two-stage dual-channel driver for 
operating a TWL system with two LED primaries. 

used in these devices are presenting new challenges to 
understanding SSL device reliability.  

Adjustable Color Recessed Lighting 5,000 

Recent Reports: 
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 

each AST setting. Each luminaire was assigned to be set at either 2700 K Round 2 (July 2019) The correlated color temperature (CCT) is set to 3500 K. At 
or 5,000 K. This ensures that so only one of the LED primaries types is experiencesing the duty 100% (top graphs, maximum power), the two LED primaries � Dim-to-Warm LED Lighting: Initial Benchmarks (July 2019) 

2,700 K Average Corrected 5,000 K Average Corrected 

� Through 4,000 hours, the afects of AST are most signifcantly seen in 
the cool white, 5,000 K LEDs. 

0 � Recessed lighting with adjustable color is a recent addition to the 
household lighting market. These devices have two LED CCT sources, 
2,700 K and 5,000 K, but are manually tunable with a switch on the 

Gauging driver performance with dimming level provides a 
good health status monitor: 

� Round 3 Update of Stress Testing Results for Organic Light-
Emitting Diode Panels and Luminaires (pending) 

Lifetime Performance 

Human Impacts of Light 

Prototype
Products 

Commercial
Products 

� Both sources, in general, have chromaticity shift in the yellow-green 
direction. However, the cool white, 5,000 K LEDs are shifting more 

The LED voltage waveforms (above left) and corresponding back, before installation. 
photometric ficker waveforms (above right) are shown at � The flm capacitors degrade faster than other components, 

and the impacts of their degradation are observed at low 
dimming levels. 

� Part 3: Accelerated Stress Testing Results on Single-Channel 

rapidly in this direction. and Multichannel Drivers: Final Report (February 2019) 

� Accelerated Stress Testing of Multi-Source LED Products: 

� Our experimental design (1-hour duty cycle and at either 75°C elevated various dimming levels (red hue percent labels) for a two-stage 
ambient temperature bake or 75°C/75% RH) uses two populations in dual-channel driver for TWL systems with two LED primaries. 

� Photometric ficker, efciency, and other parameters are 
also impacted when dimming. operate at diferent times, but one of them is always on. At 50% cycle in AST. Every 3,000 hours, the photometric properties of the unused LED primary are 

examined is tested, as well. dimming (third plots down), the LED primaries have diferent 

for variation in controlfor variation in control 

� Current fndings can always be found at the DOE website: 
https://www.energy.gov/eere/ssl/technical-reports-briefs 5,000 K Average 
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pulse widths. 102
Dimming

(%) 
Efciency
(Control) 

Efciency
(Post 7,500

Hours – 7575 AST) 

100 84.60% 84.0% 

75 79.37% 78.0% 

50 67.63% 66.0% 

25 35.97% 37.9% 

1 5.09% 6.3% 
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� Many driver waveforms can be used to modulate LED 
power for a TWL system. This choice will impact efciency 
and photometric ficker. 

� The human impacts of these switching waveforms are not 
well understood. 
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RTI research eforts in the SSL lighting program span 
0.4 

Dimming (%) 

product performance and human efects, and study RTOL 7575 Control 2,500 hrs 4,000 hrs 7,500 hrs

products ranging from prototype to commercial. 
0 0
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� The mission of the Solid-State Lighting Program at RTI is 
to advance the understanding of SSL technologies. Our 
fndings are intended to aid the SSL industry in bringing 
ever-improved products to consumers in this signifcant, 
energy-saving product area. 
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completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately 

Chromaticity of 3-Stack and 6-Stack OLED Panels 
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Phosphorescent Red + Green Layer � A lack of low-voltage drivers has been identifed as a key problem in device efciency and 
robustness for OLED technologies. any agency thereof, nor any of their employees, makes any warranty, express � RTI is also addressing the human-centric aspects of lighting, 

with a growing research efort to understand the impacts of 

0.006
Charge Generation Layer 

Charge Generation Layer 

Fluorescent Blue Layer � Widespread use of OLEDs has also been limited by the stability of organic emitters. 
lighting choice on human mood and activity. Relative emitter stability of organic emitters can be tracked through chromaticity shift. 

owned rights. Reference herein to any specifc commercial product, process, 
or service by trade name, trademark, manufacturer, or otherwise does 

0.003
� Our current work regarding tunable-white lighting (TWL) 

focuses on indoor applications, such as schools and 
ofces. Using RTI’ 

0.002
� RTI has tracked the aging of 3-stack confguration OLED luminaires over three product 

generations and 6-stack confguration OLED panels over two product generations, Hole Injection Layer

Glass + Transparent Conducting Oxide not necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof. The views s wealth of experience with monitoring with separate populations tested in 25°C, 35°C and 45°C. The newest generation of 6-stack 

human subject physiological factors, we are developing OLED panels was also tested in 65°C and 90% relative humidity due to new encapsulation 
test methods for quantitative analysis of tunable lighting techniques. 

0.001 

and opinions of authors expressed herein do not necessarily state or refect 
those of the United States Government or any agency thereof. 

Cathode 

Phosphorescent Red + Green Layer 

systems. 

6500 K 4000 K 2700 K 

RTI is currently developing methods for
testing efects of TWL systems. 

Average luminous fux maintenance for 3-stack warm Average luminous fux maintenance for 6-stack 
white panels after 7,000 hours operational life (OL) neutral white panels after 7,000 hours OL and Key Findings 3-Stack WW 6-Stack WW 6-Stack NW 

� Blue is a fuorescent emitter. More Information 
and exponential fts of the latter part of the data exponential fts of the latter part of the data 
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Fluorescent Blue Layer 

Charge Generation Layer 

Phosphorescent Red + Green Layer 

Glass + Transparent Conducting Oxide 

� Luminous fux maintenance of OLEDs depends on the overall stability of the organic 
emitters (weighted by V(λ)). 

� The luminous fux maintenance of OLED panels and luminaires has improved signifcantly. 
Rated luminous fux maintenance lifetimes > 36,000 hrs are possible for room temperature 
operation. 

� Red + Green are phosphorescent emitters. RTI International
3040 E. Cornwallis Road
Research Triangle Park, NC 27709 
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� Rated luminous fux maintenance lifetimes are typically shorter at higher temperatures 
and for warm white OLEDs. 

� Improvements still needed in luminous efcacy. 

� Chromaticity stability of OLED panels depends on the relative stability of the diferent 
organic emitters. Uneven degradation of organic emitters produces chromaticity shift. 

� The chromaticity maintenance of OLEDs has also improved in the last 5 years and can be 
Δu’v’ = 0.004 after 12,000 hrs at 45°C. 
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� 3-Stacks. Testing was performed on luminaires from 
three diferent generations. 

� The blue fuorescent emitter remains a challenge to efciency and lifetime and is, likely, 
� 6-Stacks. Testing was performed on panels from two diferent the reason why luminous fux maintenance is lower for warm white OLEDs than neutral 

generations. All tests performed on two CCT values. white OLEDs. www.rti.org 
RTI International is a registered trademark and a trade name of Research Triangle 
Institute. The RTI logo is a registered trademark of Research Triangle Institute. 

45OL - GEN2 
Δu

45OL - GEN3 
Δu

� Luminous fux maintenance = stability of all emitters V(λ) weighting. 

� Chromaticity maintenance = relative stability of the emitters. Chromaticity diagram for 3-stack Chromaticity diagram for � Manufacturer-supplied drivers included in test. 
warm white panels 6-stack neutral white panels 

www.rti.org
mailto:ldavis@rti.org
https://www.energy.gov/eere/ssl/technical-reports-briefs

