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• The behavior of an LED source on a circuit controlled by 
a phase-cut dimmer is a function of:
1. the characteristics of the LED source (driver)
2. the number and type of light sources on the circuit
3. the characteristics of the dimmer

• Many types of behavior variation
• Many sources of behavior variation
• Behavior variation spans compatibility, performance, 

interoperability
• Behavior variation is significant in magnitude
• Behavior is only predictable via circuit level testing
• Currently no standard definitions or test procedures for 

evaluating dimming behavior

Key points
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• LEDs are inherently 
dimmable
– PWM vs. CCR

• LEDs are non-linear 
devices, which (typically) 
need a “driver”

• Most control technologies 
were designed for 
incandescent (resistive) 
loads

• Wide variation in LED 
source and dimmer circuit 
designs
– Dimming curves, for both
– Dimmer circuit loading

• Compatibility
– Dead travel
– Popcorn
– Flashing, Ghosting
– Pop-on, Drop-out
– Audible noise
– Inoperability
– Premature failure

• Performance
– Dimming range
– Dimming curve
– Efficacy
– Flicker

• Predictability

Why is LED dimming problematic?
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Two approaches to dimming

• Forward or reverse phase-
cut AC sine wave

• 2-Wire (hot, dimmed hot) or 
3-Wire (hot, dimmed hot, 
neutral)

• Dimming performance highly 
dependent on dimmer 
compatibility with LED driver

• Fluorescent 3-Wire
• 0-10V
• DALI
• DMX512

AC 
Power

AC 
Power

AC 
Power

Separate AC power and control signal

Coincident AC power and control signal
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Phase-cut dimming was designed for 
incandescent sources

Vrms = 120V

Vrms = 120V

Vrms = 120V

Vrms = 120V

Vrms = 120V Vrms = 60V 50% light output

Same
(average) light 

output

High performance
Inexpensive
Vrms adjuster
Determines dimming performance!
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Anatomy of a phase-cut dimmer

“Advanced 
features”

RFI 
Element

Timing 
Element

Switching 
Element

Hot
Dimmed 

Hot

Neutral
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Some sources of LED phase-cut 
dimming behavior variation

1) Higher IRMS increases component 
stress

2) Low PWM duty cycle and/or 
frequency creates objectionable 
flicker

3) TRIAC current too low, and/or 
timing circuit unstable

4) Reduced VRMS and/or conduction 
angle difficult to measure

5) No suitable path through LED 
source for dimmer standby 
current

1)

2)

3)

4)

5)



ssl.energy.gov eere.energy.gov7

• Minimum load varies by dimmer

• Maximum load varies by dimmer and LED source

Dimmer loading rules have changed

Dimmer Source Possible loading

600W incandescent 60W incandescent 1-10

600W incandescent 12W LED 1-50?

600W ELV 50W halogen 1-12

600W ELV 10W LED 1-60?

3-10

2-30
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Some examples of LED phase-cut 
dimming performance variation
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LED lamp + Dimmer A

~50% dimmer ~25% dimmer ~0% dimmer

No dimmer 100% dimmer ~75% dimmer
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LED lamp + Dimmer B

~50% dimmer ~25% dimmer ~0% dimmer

No dimmer 100% dimmer ~75% dimmer
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Dimmer manufacturer guidance
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Lamp manufacturer guidance
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“Standard” guidance?

Dimmer
Make

Dimmer
Series ‐Model

Dimmer Trim 
Requirements

Transformer 
Make

(low voltage 
lamps)

Transformer 
Model

(low voltage 
lamps)

LED Lamp or 
Luminaire

Series ‐Model

Dimming 
Range,
max‐min
(% lumens)

Minimum 
Lamps or 
Luminaires
(per circuit)

Maximum 
Lamps or 
Luminaires
(per circuit)

Additional 
Comments

"Dimmer 
Make 1"

"Dimmer Series 
A" ‐ "Dimmer 
Model #"

Low End N/A N/A

"PAR38 Series" ‐
"PAR38ABC123"

99% ‐ 0% 1 6
"PAR38 Series" ‐
"PAR38XYZ456"

"PAR38 Series" ‐
"PAR38EFG789"

"Dimmer 
Make 2"

"Dimmer Series 
A" ‐ "Dimmer 
Model #"

N/A
"Transformer 
Make 1"

"Transformer 
Model #"

"Brand Y MR16s" ‐
"MR16ABC123"

100% ‐ 5% 1 40

"Dimmer 
Make 2"

"Dimmer Series 
B" ‐ "Dimmer 
Model #"

N/A
"Transformer 
Make 1"

"Transformer 
Model #"

"Brand Y MR16s" ‐
"MR16ABC123"

100% ‐ 5%

1 
"MR16ABC123"

+ 
1

"MR16XYZ456"

3 
"MR16ABC123"

+ 
10

"MR16XYZ456"
"Brand Y MR16s" ‐
"MR16XYZ456"

Dimming information reporting format
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NEMA SSL-7

• SSL-7A (compatibility): in development; ETA 2H 2012
• SSL-7B (performance): initiated upon completion of 7A
• Defined compatibility and performance for SSL-7 

compliant phase-cut controls and lamps/luminaires
– Current scope covers forward phase-cut controls only
– Current scope covers light sources which connect to electrical 

branch circuit, and have electronic power supply

• Defines design specifications for lamps/luminaires and 
phase-cut controls

• Defines compliance test procedures for lamps/luminaires 
and phase-cut controls
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• Criteria requirements
– More than definitions
– Compatibility and performance specifications
– Test procedures

• Allow manufacturer self-certification of anything?
• Do “representative dimmers” exist? In other words… do 

some dimmers matter more than others?
• Do “smart SSL sources” exist? How well do they address 

dimmer variation? What is their market viability?
• Does criteria need to include matched (SSL source –

dimmer) pairs?
– UL 1472 “Solid-State Dimming Controls”

Questions



ssl.energy.gov eere.energy.gov16

• Creating ideal specifications is not difficult; we all know what 
users want: incandescent performance

• Creating relaxed specifications is very difficult
– What behavior must be predicted and promised?
– How much user dissatisfaction is acceptable?

• Assumptions or generalizations about the impact of the 
dimmer on the dimming behavior of an LED source is risky

• Existing dimmed sockets are hard to address without 
knowledge of the installed dimmer

• Combinational testing is time consuming and expensive
• Avoiding false promises is more important than clearing 

invisible hurdles
• A forward-looking path (e.g. SSL-7), while not ideal, may result 

in the least confusion, dissatisfaction, and technology 
perception degradation

Closing thoughts
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Questions?
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