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Dimensions along which MR16 lamps of 

different categories can be categorized 
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Attribute Categorization 

Beam angle / profile Narrow spot 10 degree or less 

Spot 15 degree 

Narrow flood 25 degree 

Wide flood 36 degree 

Very wide flood 60 degree  

Beam angle is defined by the full angle at which 

the lamp maintains >50% of peak intensity 

Input voltage 12VAC, requires separate transformer 

12VDC, requires separate transformer 

120VAC, mains voltage 

Lamp base GU5.3 

GU10 (twist lock) 

Lamp output Best defined by Peak Intensity (Cd) 

Alternatively by beam lm or beam + field lm . 

Beam defined by >50% of peak intensity 

Field defined by >10% of peak intensity 

Lamp Correlated Color Temperature 2,700K; 3,000K; 4,000K, etc. 

Lamp ability to render colors and 

whites 

Available metrics: CRI, R9 or CQS. Preferred is 

either CRI in combination with R9 or CQS. 

Lamp fixture requirement Suitable for fully enclosed fixtures 

Suitable for damp environments 

Lamp ability to dim   

Lamp power consumption   

Lamp technology Halogen 

- Halogen IR 

- Reflector coating type 

LED 

Attributes related to 

applicability 

Attributes related to 

performance 

Input voltage 

Lamp base 

Lamp fixture requirement 

Lamp ability to dim 

Beam angle 

Correlated Color 

Temperature 

Ability to render colors and 

whites 

Output 

Power consumption 

We recommend to categorize lamps 
by applicability, and rank them based 
on performance related attributes 



Test data for halogen, halogen-IR and 

LED lamps 

Tested lamps Lamps from multiple manufacturers, across multiple beam 
angles and different bulb and reflector technologies 

Measurement 
method 

Intensity profile was measured after thermal stabilization. 
Lamps driven off 12VAC 
Measurement device: photo goniometer, 0.5 degree 
increments, -90 to 90 degree, single axis 
One lamp per type and measurement 

Analysis Lm distribution calculated from intensity profile 

Definitions CBCP: maximum intensity 
Beam angle: total included angle at which intensity is greater or 
equal to 50% of CBCP 
Field angle: total include angle at which intensity is greater or 
equal to 10% of CBCP 
Spill: light at larger angles than field 
Accuracy for determining field or beam angle with this method 
is +/-0.5 degree 
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Test data for halogen, halogen-IR and 

LED lamps 
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Manufacturer Lamptype 
Claime
d Beam Power CBCP 

Actual 
Beam 

Total 
Lm 

Beam 
Lm 

Field 
Lm 

Soraa Vivid 2 10 10 6437 12 396 150 246 
Sylvania True Aim IR 10 20 4464 9 376 62 147 

GE Crips White 24 50 240 25 755 286 513 
Philips Enduraled 24 10 1903 25 451 197 379 
Philips Halogen 24 50 2349 22 620 193 377 

GE CC Precise 25 50 2278 24 599 216 411 
GE Halogen IR 25 37 2997 19 524 200 326 

Soraa Premium 2 25 11.5 3441 23 582 313 466 
Soraa Vivid 2 25 11.5 2890 23 489 263 391 

Sylvania True Aim 25 50 1975 21 471 146 285 
Ushio Titan 25 50 3618 18 622 206 361 
Soraa Vivid 2 36 11.5 1276 33 468 234 386 
Ushio Halogen 36 50 1359 33 587 267 410 



Measured vs. Specified beam angle 

• Differences of up to 7 degrees in specified vs. measured 

beam angle 
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Precise 

25d 

GE 
Halogen 
IR 25d 

Soraa 
Premium 

2 25d 

Soraa 
Vivid 
2 25d 

Soraa 
Vivid 
2 10d 

Sylvania 
True Aim 

IR 10d 

GE Crips 
White 

24d 

Sylvania 
True 

Aim 25d 

Ushio 
Titan 25d 

Soraa 
Vivid 
2 36d 

Ushio 
Halogen 

36d 

Specified vs. measured beam angle (negative if measured < specified) 



Lm distribution, beam – field - spill 

• LED provide a substantially larger fraction of the lm in the beam 
and the field 

• Wider beam angle lamps have a larger % of lm in the beam 
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+23% 

+21% 

Beam % Lm 

Field % Lm 

Spil % Lm 

Soraa Vivid 
2 10d 

38% 

24% 

38% 

Sylvania True 
Aim IR 10d 

16% 

23% 

61% 
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54% 

+21% 

+19% 

Soraa 
Vivid 
2 25d 

26% 

20% 

Soraa 
Premium 

2 25d 

54% 

26% 

20% 

Philips 
Enduraled 

25d 

44% 

40% 

16% 

GE 
Halogen 
IR 25d 

38% 

24% 

38% 

Ushio 
Titan 
25d 

33% 

25% 

42% 

Sylvania 
True 

Aim 25d 

31% 

30% 

39% 

GE CC 
Precise 

25d 

36% 

33% 

31% 

Philips 
Halogen 

25d 

31% 

30% 

39% 

GE Crips 
White 

25d 

38% 

30% 

32% 

+13% 

Soraa Vivid 2 36d 

18% 

+5% 

50% 

32% 

Ushio Halogen 36d 

45% 

24% 

30% 

Narrow Spot Narrow Flood Flood 

Halogen  LED  Halogen  LED  Halogen  LED  



Beam Lm/W comparison 

Halogen IR 3-6 lm/W 

Halogen 3-6 lm/W 

LED 95CRI 15 – 22 lm/W 

LED 80CRI 20 – 28 lm/W 
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Test data for halogen, halogen-IR and 

LED lamps  - All data 

Manufacturer Lamptype Technology 
Claime
d Beam Power CBCP 

Actual 
Beam 

Total 
Lm 

Beam 
Lm 

Field 
Lm 

Total 
lm/W 

Beam 
Lm/w 

Field 
Lm/W 

Spec vs. 
Meas 
Beam 

Beam % 
Lm 

Field % 
Lm 

Spil % 
Lm 

Sylvania True Aim IR Halogen IR 10 20 4464 9 376 62 147 19 3 7 -1 16% 23% 61% 

Soraa Vivid 2 LED hi CRI 10 10 6437 12 396 150 246 40 15 25 2 38% 24% 38% 

GE Crips White Halogen 25 50 240 25 755 286 513 15 6 10 0 38% 30% 32% 

Philips Halogen Halogen 25 50 2349 22 620 193 377 12 4 8 -3 31% 30% 39% 

GE CC Precise Halogen 25 50 2278 24 599 216 411 12 4 8 -1 36% 33% 31% 

Sylvania True Aim Halogen 25 50 1975 21 471 146 285 9 3 6 -4 31% 30% 39% 

Ushio Titan Halogen 25 50 3618 18 622 206 361 12 4 7 -7 33% 25% 42% 

GE Halogen IR Halogen IR 25 37 2997 19 524 200 326 14 5 9 -6 38% 24% 38% 

Philips Enduraled LED 25 10 1903 25 451 197 379 45 20 38 0 44% 40% 16% 

Soraa Premium 2 LED 25 11.5 3441 23 582 313 466 51 27 41 -2 54% 26% 20% 

Soraa Vivid 2 LED hi CRI 25 11.5 2890 23 489 263 391 43 23 34 -2 54% 26% 20% 

Ushio Halogen Halogen 36 50 1359 33 587 267 410 12 5 8 -3 45% 24% 30% 

Soraa Vivid 2 LED hi CRI 36 11.5 1276 33 468 234 386 41 20 34 -3 50% 32% 18% 
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Market share estimates 
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20% 

70% 

35W 

50W 

10% 

20W 

50% 50% Commercial Residential 

Sockets 

Sockets and lamps sold 

80% 

20% 

Commercial 

Residential 

Lamps sold 

90% 

10% 

12V GU5.3 

Mains voltage GU10 

Lamps sold 

Source: Navigant DOE 2012 
No data available on halogen vs. halogen IR vs. LED MR16 



Cost of LED MR16 lamp 

• Source: Strategies Unlimited 2012 

• Labor and manufacturing overhead , import, transport not included 

• Based on price levels for warm white LEDs around 100lm/$, total 
BOM in the range of $10 - $17.50 for a 50W equivalent MR16, 
excluding manufacturing cost, transport, 6% import.  
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34%

18% 8%

40%

Drive 

LED Source + PCB board 

Optics Mechanical Thermal 



Comment on energy use metric 

• Beam lm/W is a good metric 

– Note that beam lm/W tends to be higher for 

larger beam angle lamps 

– Especially 10 degree lamps have lower lm% in 

beam 

– Already in use in Japan 

• Total lm/W is a poor metric 

• Field lm/W is a reasonable metric as well 
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Important Notes 

• Issue of overall lamp height and fixture compatibility and 
temperature 
– Halogen lamps in use are substantially smaller than ANSI / IEC standard 

– Lamps that deviate from practical overall lamp height may have fit issues 
depending on the fixture 

– Recommend that halogen practical lamp height is used for referencing lamp 
height 

• Forward look: LED roadmap beyond halogen 
– LED lamps already exceed halogen 50W MR16 in light output. With future LED 

efficiency improvements, even higher lamp performance can be achieved 

• Whitepapers: white rendering, color rendering and Benya MR16 
white paper (send as appendix) 

• Mains voltage: expected to increase with new installations. LED 
lamps do not have a performance penalty in contrast to halogen for 
the capability to run on high voltage 

• Meeting UL Class 1 and Class 2 is critically important. Many 
installations are Class 1 (example low voltage track lighting) and 
require LED MR16 lamps that meet corresponding UL safety 
standards. 
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Data for Light Emitting Diode (LED) 

Lamps 
Provided by Soraa Inc., 6500 Kaiser 

Drive, Fremont CA 94555 

May 2013  



Logical Characterization 

Lamp category that is replaced Example: MR16, A19, PAR20, PAR30, etc 
In addition – socket type 
MR16 GU5.3, MR16 GU10 

Lamp output or equivalent 
wattage 

Can be following Energy Star metrics for 
equivalence and output, both for directional and 
non directional. 
Note: it is expected that for directional that LED 
technology will deliver higher output lamps than 
currently available in halogen. 
Examples: 2,000+lm PAR30 and PAR38 
4,400Cd 25° MR16 (~75W) 
The energy star calculator for watt equivalence 
does not work accurately when extrapolating 
beyond currently available halogen options 

Market share by category http://apps1.eere.energy.gov/buildings/publicati
ons/pdfs/ssl/led-adoption-report_2013.pdf 
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LM79 and TM-21 reports 

• Available for download at http://www.soraa.com/products/lamp-finder 
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Types of dimming circuitry & minimum 

dimming levels 

Dimming 
 
Transformer 

Leading Edge 
phase cutting 

Trailing Edge 
phase cutting 

0-10V Wireless – 
multiple 
options 

None 

Electromagnetic Not 
recommended 

Not 
recommended 

Electronic Not 
recommended 

Not 
recommended 
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Dimming levels are best defined by light output levels. 
Specific look at hysteresis: minimum level while dimming down, up and whether the 
lamps comes on after switching on/off 
Quoted dimming level showed be the highest level of these three scenarios 
 
NEMA activities ongoing related to standardization of terminology and compatibility 
around dimming (example SSL7) 



Cost of improved color consistency and 

quality 
• Improved color consistency: 

– Comments related to violet LED – 3 phosphor systems 

– Within 3McA ellipse currently produced without substantial additional manufacturing cost 

– Color consistency over the life of the product within Energy Star norms without adding manufacturing cost. Long term reliability testing 
itself adds high costs 

• Consistency over the life 
– Requires the selection and qualification of stable phosphor and other lamp / LED materials. This increases LED component cost by 10 -  

50% and limits the operating temperature which can be a very substantial cost adder at system cost (higher LED component count, 
increased heat sink size) 

• Improved color quality 
– At lamp level there is a trade-off between color rendering and product efficacy and / or cost inherently tied to a fundamental trade-off 

between CRI and efficacy for white LEDs 
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Color Rendering Normative Lm/W Normative Lamp 
Cost (Lm/$) 

CRI 80/ R9 20 100% 100% 

CRI 80/ R9 20 120% 150% 

CRI 90 / R9 50 100% 150% 

CRI 90 / R9 50 80% 110% 
2.0 

0.5 

1.5 

2.0 

1.0 

1.5 

0.5 1.0 

CRI 80 High Eff 

CRI 80 Norm Eff 

CRI 90 Norm Eff 

Normative Lamp Lm/$ 

Normative Lamp Lm/W 

CRI 90 Reduced Eff 

CRI > 90 

CRI 80 

Lamp cost (Lm/$) 

Lamp Efficacy(Lm/W) 

Color Rendering(CRI - R9) 

Refer to appendix for calculation examples 



APPENDIX – Cost of improved color 

rendering 

5/9/2013 19 Soraa Confidential 



20 

• LEDs show strong dependence of performance on Color Rendering Index (CRI) 

• Top-tier suppliers:  ~1.5-2% decrease in Lumens-per-Watt (LPW) per point of CRI 

• CRI 80  95:  ~25-30% penalty in LPW 



SPACE CONSTRAINED – FIXED # LEDs 
(e.g, MR16) 

UNCONSTRAINED – VAR. # LEDs 
(e.g, PAR38) 

  CRI 80 CRI 90 CRI 80 CRI 90 CRI 80 CRI 90 CRI 80 CRI 90 
LED Datasheet LPW lm/W 100 80 100 80 100 80 100 80 

Lamp Thermal Res. K/W 7 7 7 7 2 2 2 2 

Number of LEDs 4 4 4 4 12 12 12 18 

Tj K 104 104 104 139 99 94 99 105 

LED Operating LPW lm/W 83 66 83 52 83 69 83 69 

Power per LED W 1.8 1.8 1.8 2.9 1.9 1.7 1.9 1.5 

Lamp Power W 7 7 7 11 22 20 22 26 

Total Lumens lm 425 340 425 425 1300 1000 1300 1300 

Lamp Operating LPW lm/W 60 48 60 37 60 50 60 50 

LED Costs  $       2.80   $       2.80   $       2.80   $       2.80   $       8.40   $       8.40   $       8.40   $    12.60  

Driver Cost  $       2.00   $       2.00   $       2.00   $       2.00   $       2.00   $       2.00   $       2.00   $       2.00  

Heatsink + Optics Cost  $       1.25   $       1.25     $       1.25   $       1.25   $       1.25   $       1.25     $       1.25   $       1.25  

Total BOM  $       6.05   $       6.05   $       6.05   $       6.05   $    11.65   $    11.65   $    11.65   $    15.85  

Light output 
not 

competitive 

Light output 
not 

competitive 

Efficacy 
Penalty  
(no E*) 

E* ok, but 
price not 

competitive 

Assumptions:  Ta = 45C, driver eff = optics eff = 85%, 70c per power LED 



SPACE CONSTRAINED - FIXED # LEDs 
(e.g, MR16) 

UNCONSTRAINED- VAR. # LEDs 
(e.g, PAR38) 

  CRI 80 CRI 90 CRI 80 CRI 90 CRI 80 CRI 90 CRI 80 CRI 90 
LED Datasheet LPW lm/W 100 80 100 80 100 80 100 80 

Lamp Thermal Res. K/W 7 7 7 7 2 2 2 2 

Number of LEDs 4 4 4 4 12 12 12 12 

Tj K 104 104 104 139 99 94 99 124 

LED Operating LPW lm/W 83 66 83 52 83 69 83 55 

Power per LED W 1.8 1.8 1.8 2.9 1.9 1.7 1.9 2.7 

Lamp Power W 7 7 7 11 22 20 22 33 

Total Lumens lm 425 340 425 425 1300 1000 1300 1300 

Lamp Operating LPW lm/W 60 48 60 37 60 50 60 40 

LED Costs  $       2.80   $       2.80   $       2.80   $       2.80   $       8.40   $       8.40   $       8.40   $       8.40  

Driver Cost  $       2.00   $       2.00   $       2.00   $       2.00   $       2.00   $       2.00   $       2.00   $       2.00  

Heatsink + Optics Cost  $       1.25   $       1.25     $       1.25   $       1.25   $       1.25   $       1.25     $       1.25   $       1.25  

Total BOM  $       6.05   $       6.05   $       6.05   $       6.05   $    11.65   $    11.65   $    11.65   $    11.65  

Light output 
not 

competitive 

Efficacy 
Penalty  
(E* ok) 

Light output 
not 

competitive 

E* ok, price 
competitive 

Assumptions:  Ta = 45C, driver eff = optics eff = 85%, 70c per power LED 



•

•

Infrared Visible Spectrum CIE A 
R1 100 
R2 100 
R3 100 
R4 100 
R5 100 
R6 100 
R7 100 
R8 100 
Ra 100 

LUM 100% 

l

UV 



Infrared Visible Spectrum CIE A <700 
R1 100 100 
R2 100 100 
R3 100 99 
R4 100 100 
R5 100 100 
R6 100 100 
R7 100 99 
R8 100 99 
Ra 100 100 

LUM 100% 155% 

•

•

l

UV 



Infrared Visible Spectrum CIE A <700 <650 
R1 100 100 91 
R2 100 100 96 
R3 100 99 99 
R4 100 100 91 
R5 100 100 91 
R6 100 100 97 
R7 100 99 90 
R8 100 99 76 
Ra 100 100 91 

LUM 100% 155% 212% 

•

•

l

UV 



Infrared Visible Spectrum CIE A <700 <650 <630 
R1 100 100 91 73 
R2 100 100 96 87 
R3 100 99 99 94 
R4 100 100 91 73 
R5 100 100 91 74 
R6 100 100 97 88 
R7 100 99 90 77 
R8 100 99 76 37 
Ra 100 100 91 75 

LUM 100% 155% 212% 237% 

•

•

l

UV 



Data Requests: Lighting Products 

Provided by Soraa Inc., 6500 Kaiser 

Drive, Fremont CA 94555 

May 2013 

 



Items covered 

 1 Category definition and scope  Not covered 

2 Standards (existing or under development)  Covered 

3 Test procedures (existing or under development)  Covered 

4 Sources of test data (confidential or public)  Covered 

5 Energy use metrics (e.g. lumens vs. beam lumens per watt)  Covered 

6 Relevant performance indicators  Covered 

7 Range of typical performance for each indicator  Covered 

8 Incremental costs of energy efficiency features  Covered 

9 Product development trends  Covered 

10 Market barriers to energy efficiency  Covered 

11  Number of California small businesses associated with manfucture, 
sale, distribution, or installation 

 Not covered 

12 Commercial vs. residential vs. governmental sector sales  Covered 

13 How do consumers identify effcicient products on the market?  Not covered 

14 Any other information relevant to this proceeding  Covered 
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Standards and test procedures 
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From Energy Star Draft Lamps specification 



Energy use metrics 

• Beam Lm/W is a reasonable metric for directional lamps 

• A single metric for all directional lamps is recommended 

• For non directional lamps, total lm/W or total W is a 

reasonable metric 
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Relevant performance indicators 

• Lamp group 

• Lamp color and white rendering properties 
– whiteness, CRI, R9, CQS 

• Lamp correlated color temperature 

• Lamp beam angle 

• Lamp maximum operating temperature and fixture 
compatibility 
– ability to operate in enclosed fixtures or fixtures with 

limited ventilation at elevated ambient temperatures 

• Lamp life (only relevant in the context of fixture 
compatibility) 

• Lamp power consumption 

• Lamp dim-ability 
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 Relevant performance 

indicators 

Performance indicator Common range 

Color rendering CRI: 50 – 70 – 80 – 90 - >95 
R9: <0; 30 – 50 - >90 
CQS: individual color CQS 30 to 100 

Whiteness rendering Whiteness: 80 – 100 - > 120 

Correlated color temperature 

Beam angle Narrow Spot, Spot, Narrow Flood, Flood, Wide Flood. Can be non-
symmetrical for lamps and fixtures 

Max operating temperature and ability 
to run in enclosed fixtures or 
environments 

For lamps: based on worst case ambient temperature and fixture 
condition 
For fixtures: ambient temperature 

Life (only relevant in context of 
environment) 

Minimum of useful life (defined on maintenance of color and 
output) and survival rate (defined on total loss of output of 
functionality – failures) 
1,000h to > 100,000h 

Power consumption 

Dimmability Non – dimmable vs. 100% dimmable. 
Defined based on measured light output and observed dimming 
hysteresis 
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Cost of energy efficiency features 

• Dimming 

– Results in 5% - 10% lower efficiency (lamps) 

– Results in increased testing costs (lamp – dimmer 
compatibility) and development cost 

• Instant on/off 

– No additional cost for LED lamps 

• Higher product efficiency 

– Non-linear behavior between product efficiency and 
product cost – refer to Soraa data for LED lamps 

• Better light - beam control 

– No additional cost for LED lamps 
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Product development trends 

• Mains voltage LED MR16 with similar performance as low voltage 
MR16 
– Mains voltage LED MR16 and PAR 16 lamps with the same performance as 

low voltage MR16 lamps 

– The compromised performance of small mains voltage halogen directional 
lamps does not apply to LED MR16 lamps 

• High performance LED lamps and fixtures 
– Resulting from LED technology advances, higher performance than based on 

incumbent technology is now feasible. Example: 75W equivalent MR16 

• Adaptability and ease of use 
– Remote control, color changing, beam changing (example Soraa SNAP system) 

• Fixture modularity 
– With increasing LED lamp performance and decreasing LED lamp cost, high 

performance LED fixture solutions can be based on LED lamps.  

– Efficient qualification of fixtures based on qualified LED lamps, can 
substantially speed up the availability of energy efficient fixture solutions.  
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Market barriers to energy efficiency 

• Long qualification times for long life  
– Current emphasis on LED lamps is a minimum of 25,000 hours of 70% lumen maintenance. To proof this, a 6,000h test on 

LED component and a 3,000h test at lamp level is required (LM-80) with specified extrapolation (TM-21). The time and cost 
required to complete these tests, delays market introduction and recognition (for example by energy star) of more efficient 
products and steers manufacturers to not implement incremental changes that require extensive testing 

– The above mentioned approach ignores the typical failure modes of lamps, which are in many cases drive-electronics related 
and application related. Shorter than expected lamp life is in many cases related to lamps running warmer in poorly 
ventilated fixtures. High temperatures are directly correlated to shorter lamp life and increased failures. 

– Soraa recommends that life testing is adapted towards real life worst case fixture scenarios (fully enclosed fixtures, no 
ventilation, elevated ambient temperatures) with an increased focus on low failure levels.  

– 10,000h life under worst case conditions and proportionally reduced qualification times (1,000 to 2,000h accelerated 
testing) is proposed 

– Benefit is that higher efficiency lighting products can be released to the market quicker and that a more accurate level of 
expectation is set for consumers (no more early failures on lamps with long claimed life) 

• Stroboscopic (flicker) requirements  
– Specifically in the case of small size MR16 lamps. Requirements on color quality, long life, dimmability, compatibility with 

existing transformers & dimmers and fixture compatibility makes lamp development complex and time consuming. Soraa 
proposes to make 12V MR16 lamps exempt from stroboscopic requirements, as long as their base frequency is at least 
120Hz. This is well beyond the frequency range where health related concerns related to flicker has been documented.  

– Line voltage MR16 faces many of the challenges that low voltage faces. Proposed is a base frequency of 120Hz or greater 
with no additional requirement on light modulation depth 

• Lack of color quality 
– It is well documented that color quality is of prime concern with both commercial users and consumers 

• Focus on initial cost vs. total cost of ownership 

5/9/2013 35 Soraa Confidential 



Commercial vs. Residential vs. 

Government sales 

• Soraa - Unit based 
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5%

95%

0% 

Government 
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Residential 



Additional Comments on Whiteness 

rendering 

• The spectral power distribution that the light 
source emits, has a profound impact on how 
manufactured white materials (paper, textile, 
plastics) appear 

• Blue pump based white LEDs, fail to render 
many white materials like incandescent source 
or daylight 

• Understanding of this topic has emerged 
recently. It is anticipated that metrics for white 
rendering will be defined in the near future – 
next slides provide further information.  
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Whiteness Effect 

• Whiteness is achieved by Fluorescent Whitening Agents (FWAs) 

• Clothing, Fiber, Plastics, Cosmetics 

• Soraa spectrum can be engineered to excite FWAs to render whites “white” 

• Excitation of whitening agents takes place by violet light 

• Other LEDs cannot do this 
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Whiteness Rendering 

• We measured whiteness standard of close to 140 on various fashion and 
manufactured white products 

• SORAA VIVID 2 has substantially increased whiteness compared to regular 
LEDs 

-4

-2

0

2

4

6

8

10

80 90 100 110 120 130 140

Chromaticity Shift (du’v’) 

Whiteness Standard 

Soraa 

Black Body 

Blue LED 

Materials with highly active 

whitening agents 

Materials with no active 

whitening agents 

Looks bright and white 

Looks dirty and dull 
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White Paper about MR16 
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