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Why are we here?

We learned about a reported 
interference case from a LED lamp 
with a airplane communication 
through a presentation at the last 
year CISPR meeting.

The presenter used an ICAO 
presentation from Mr. Biggs posted 
in the internet.

We found it interesting and 
contacted Mr. Biggs to follow up.

Mr Biggs suggested to have a EMI 
from LED lighting presentation at 
this conference .

We have experience testing LED 
devices for FCC and CISPR.

We hope our inputs about LED 
lighting become useful to all.
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• Understanding whether LED lighting devices are intruding into the 
radio frequency spectrum more than traditionally installed systems 
(such as electronic fluorescent lighting or self ballasted compact 
fluorescent lamps) is relevant for communications reliability.

• Review of the CISPR 15 (Lighting Devices) upcoming changes

• Radio Frequency LED lighting devices are regulated under CISPR 15 
(IEC countries), and ICES 005 -FCC Part 15 (as described by the United 
States Federal Communications Commission FCC1,2).  Whereas, radio 
frequency discharge lighting devices (fluorescent and high intensity 
discharge) are regulated under CISPR 15, and ICES 005 - FCC Part 183.

• A comprehensive comparison of these three regulations, as well as 
implications for spectrum protection, are discussed. 

Presentation Scope
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• This presentation focuses on RF LED devices as non-intentional 
radiators.  LED Drivers and self-ballasted LED lamps are typical non-
intentional radiators when they do not include a radio.

• LED Drivers and self-ballasted LED lamps are non-intentional radiators 
when
a) They operate with internal or external signals higher than or equal 

to 9 KHz (radio frequency energy).
b) They are not intended to produce Radio Frequency energy; high 

frequency emissions are an unintended consequence of normal 
operation.

Presentation Scope
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CISPR 15
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CISPR 15

Stop at 300 MHz 
before

Obsolescence

Component in NA
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CISPR 15
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CISPR 15

General Conducted Emissions Remains the Same
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CISPR 15
NEW
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CISPR 15
NEW
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CISPR 15
NEW
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The U.S. LED 
regulation Update

The scope is to 
ensure that 

Lighting Devices 
do not interfere.

LED devices are 
approved to 

operate under the 
verification 

method.

NA RF Lighting Device Emission Limits Update



The FCC Update 
specifically 
addressed 

TLEDs.

TLEDs operated 
from the mains 
are under FCC 

PART 15.

Ballasts used to 
operate TLEDs 
are under FCC 

part 18.

Drivers used to 
operate TLEDs 
are under FCC 

part 15.

NA RF Lighting Devices Emissions Limits Update



The radiated 
scans exemption 

has been clarified.

NA RF Lighting Device Emission Limits Update
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Frequency Class A (Non-consumer) 

Maximum Radiated 

Emissions (L=10 m)

Class B (Consumer) 

Maximum Radiated 

Emissions (L=3 m)

MHz uV/m dBuV/m uV/m dBuV/m

30-88 90 39.1 100 40.0

88-216 150 43.5 150 43.5

261-960 210 46.4 200 46

>960 300 49.5 500 54

NA RF LED Equipment Maximum Radiated Emissions 
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Frequency Class A (Non-consumer) 

Maximum Radiated 

Emissions (L=10 m)

Class B (Consumer) 

Maximum Radiated 

Emissions (L=3 m)

MHz uV/m dBuV/m uV/m dBuV/m

30-88 90 39.1 100 40.0

88-216 150 43.5 150 43.5

261-1000 210 46.4 200 46

NA RF Lighting Devices (discharge) Max Radiated Emissions
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• Measurements of conducted emissions (CE) estimate the amount 
and frequency of the current superimposed onto the mains current 
(60Hz).

• This is accomplished by interconnecting an HF Line Stabilization 
Network in series with the LED driver mains connection.

• This high frequency filter is called a “Line Impedance Stabilization 
Network” (LISN)4.

Conducted Emissions
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Class A (Non-consumer) Maximum Conducted Emissions

Frequency Quasi-Peak Average

MHz uV dBuV uV dBuV

0.15 to 0.5 8912.5 79.0 1995 66.0

0.5 to 30 4467 73.0 1000 60.0

Class B  (Consumer) Maximum Conducted Emissions

0.15 to 0.5 1995 to 631 66.0 to 56.0 631 to 199.5 56.0 to 46.0

0.5 to 5 631 56.0 199.5 46.0

5 to 30 1000 60.0 316 50.0

RF LED Lighting Equipment Conducted Emission Limits
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Class A (Non-consumer) Maximum Conducted Emissions

Quasi-Peak

Frequency (MHz) uV dBuV

0.45 to 1.6 1000 60

1.6 to 30 3000 69.5

Class B  (Consumer) Maximum Conducted Emissions

0.45 to 2.51 250 48

2.51 to 3.0 3000 69.5

3.0 to 30 250 48

RF Discharge Lighting Conducted Emission Limits
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Class A (Non-consumer) Maximum Conducted Emissions (Quasi-Peak)

MHz dBuV LED dBuV Discharge

0.15 to 0.45 79

0.45 to 0.5 79 60

0.5 to 1.6 73 60

1.6 to 30 73 69.5

Class B  (Consumer) Maximum Conducted Emissions (Quasi-Peak)

0.15 to 0.45 66 to 57.4

0.45 to 0.5 57.4 to 56 48

0.5 to 2.51 56 48

2.51 to 3.0 56 69.5

3 to 5 56 48

5 to 30 60 48

Comparison of LED and Discharge Lighting CE Limits
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Comparison of CISPR and NA Conducted Emissions
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CFL Ballast CE Measured in a Representative Luminaire
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• Radiated emissions (RE) are determined by measuring the 
electromagnetic field that has emanated from the LED driver using 
an antenna.

• Measuring the electromagnetic field from an LED driver requires 
placing the antenna in an open field, free of other HF signals (such 
as TV, cellular, Wifi, etc.), to eliminate field reflections from walls and 
other objects4.

• Alternatively, radiated emissions may be conducted in a testing 
chamber constructed with HF absorbing walls and ceiling, with a 
reflective floor, encased in a building designed to prevent HF signals 
from penetrating the testing chamber.

Radiated Emissions
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Open Area with
Reflective Floor 

Open Field Testing Site

Reflective Floor, 
Absorbing Walls 
& Ceiling

Test Chamber
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• RE and CE limits for both RF LED equipment and RF (discharge) lighting devices 
are classified by consumer and non-consumer products. 

• The ANSI C63.12 standard recommended practice for (establishing) 
Electromagnetic Compatibility Limits is described as:

• “The adoption of two protection distances, one for equipments used in a residential 
(Class B) environment and the other for equipments used in an industrial (Class A) 
environment, has the potential for reducing costs while still providing adequate 
protection. Thus, one set of limits applies to equipments used in a commercial/ 
industrial environment where the ambient noise level tends to be high and the 
likelihood of sensitive receivers is low. A second stricter emissions limit applies to 
equipments that will be operated in a residential/ domestic environment where 
noise levels tend to be lower and where there are generally larger numbers of 
sensitive receivers”5

Two Classes, Consumer and Non‐consumer
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Frequency Class A (Non-consumer) 

Maximum Radiated 

Emissions (L=10 m)

Class B (Consumer) 

Maximum Radiated 

Emissions (L=10 m)

MHz dBuV/m 

(LED)

dBuV/m 

(RF)

dBuV/m 

(LED)

dBuV/m 

(RF)

30-88 39.1 39.1 29.5 29.5

88-216 43.5 43.5 33.1 33.1

216-960 46.4 46.4 35.6 35.6

960-1000 49.5 46.4 43.5 35.6

RF LED and Discharge Device RE Limits Comparison
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CISPR and NA Radiated Emissions Comparison
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CFL Ballast RE Measured in a Representative Luminaire
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Chart illustrating self‐ballasted LED lamp radiated emissions

Class B 
Limit

6 db 
Margin
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Applications LED Lamps, Orientation Effect



LED EMC Control Gear Report  +272 Pages



Conducted Emission Limits CISPR 15

Frequency Quasi Peck Average

MHz uV dBuV uV dBuV

0.009-0.05 110

0.05-0.15 90-80

0.15-0.5 66-56 56-46

0.5-5.0 56 46

5-30 60 50





Fluorescent 
Conducted



T LED













This 40W LED 
application is compliant 

at full output and full 
dim.





IoT Street Lighting



IoT Street Lighting



Conducted Emission Limits CISPR 32 FCC Part 15 
Class A

Frequency QPK Average
MHz uV dBuV uV dBuV

0.15-0.5 8912.5 79.0 1995 66.0
0.5-30 4467 73.0 1000 60.0

IoT Street Lighting



Conducted Emission Limits CISPR 32 FCC Part 15 
Class A

Frequency Qpk Average

MHz uV dBuV uV dBuV
0.15-0.5 8912.5 79.0 1995 66.0
0.5-30 4467 73.0 1000 60.0

IoT Street Lighting



Conducted Emission Limits CISPR 32 FCC Part 15 
Class A

Frequency Qpk Average

MHz uV dBuV uV dBuV
0.15-0.5 8912.5 79.0 1995 66.0
0.5-30 4467 73.0 1000 60.0

IoT Street Lighting



Street Lighting





Radiated Emission Limits FCC Part 15
Frequency Class A 10m QP Class B 3m QP

MHz uV/m dBuV/m uV/m dBuV/m
30-88 90 39.1 100 40.0

88-216 150 43.5 150 43.5
216-960 210 46.4 200 46.0

>960 300 49.5 500 54.0







Radiated Emissions Non-compliant LED RF Device
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1. Good Grounding

2. Avoid lengthy wiring techniques

3. Avoid input-output wires 
crossover

4. Filtering mains

5. Filtering control interface

Applications, Improving Methods



Mechanical design-in(1) 

5

1

Pic 1-3: One filter is installed between main input wires and driver’s input connections, and this new mounting position would make input wires
shorter(Pic 1). One filter is installed between the driver’s dimming connectors and control wires from conduit (Pic 2). Overall modified wiring
connection and filter installation are shown in Pic 3.

2

3



EMC Testing Result - Conductive(3*)

(*)EMC test results are only indicated to the luminaire tested.

FCC Class B Conductive test result with 277Vac input
Original set up (Line) After modification (Line)

fail pass



EMC Testing Result - Conductive(4*)

Main conclusion :

Indicative test results show that the luminaire is expected to fail EMC conductive test, within 150.0kHz-
30.0MHz range applied with FCC Class B Conductive standard with original set up at 277Vac input.

Indicative test results show that the luminaire is expected to pass EMC conductive test, within 150.0kHz-
30.0MHz range applied with FCC Class B Conductive standard after modification at 277Vac input.

(*)EMC test results are only indicated to the luminaire tested under the test condition from page 3 to page 5.

FCC Class B Conductive test result with 277Vac input
Original set up (Neutral) After modification (Neutral)

fail pass



EMC Testing Result - Radiated(1*)

(*)EMC test results are only indicated to the luminaire tested under the test condition from page 3 to page 5.

CISPR 15 Radiated test result with 120Vac input (CDN method)
Original set up After modification

pass pass



EMC Testing Result - Radiated(2*)

Main conclusion :

Indicative test results show that the luminaire is expected to pass EMC radiated test within 30.0MHz-
300.0MHz range applied with CISPR 15 Radiated standard with original set up and after modification
with 120Vac and 277Vac input.
(*)EMC test results are only indicated to the luminaire tested under the test condition from page 3 to page 5.

CISPR 15 Radiated test result with 277Vac input (CDN method)
Original set up After modification

pass pass



EMC Testing Result - Conductive(1*)

(*)EMC test results are only indicated to the luminaire tested under the test condition from page 3 to page 5.

FCC Class B Conductive test result with 120Vac input
Original set up (Line) After modification (Line)

pass pass



EMC Testing Result - Conductive(2*)

Main conclusion :

Indicative test results show that the luminaire is expected to pass EMC conductive test with minimum margin
(6.0 dB), within 150.0kHz-30.0MHz range applied with FCC Class B Conductive standard with original
set up and after modifications at 120Vac input.

(*)EMC test results are only indicated to the luminaire tested under the test condition from page 3 to page 5.

FCC Class B Conductive test result with 120Vac input
Original set up (Neutral) After modification (Neutral)

pass pass



15W LED, DALI 230V 50 Hz
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• Philips Lighting worked with FAA to evaluate and 
resolve the issue.

• The Luminaire suspected of interference was already 
repaired, we do not have access to the Luminaire active 
component parts removed.

• Considering that other Luminaires in the same site were 
replaced with the same TLED lamps, this suggested that 
the source of interference was rooted in a defective 
(end of life) ballast or in a defective installation.
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• There is no a fundamental reason why LED devices shall produce more 
electromagnetic emissions than the existing electronic lighting devices.

• The introduction of LED lighting coincides in time with an intensive use of 
wireless communications.  Thus, it will be prudent to manage the electromagnetic 
spectrum correctly to enable the connected world that society aspires to8.

• The United States Federal Communications Commission (FCC), and Innovation, 
Science and Economic Development Canada (IC) have decided that similar rules 
to those applicable to digital devices are applicable to RF LED lighting devices2, 6.

• Regulating RF LED devices in a similar way as digital devices resulted in the 
addition of limits for conducted emissions in the low frequency band of 150 KHz 
to 450 KHz.  However, the RF LED devices’ maximum conducted emissions limit 
for both Class A (non-consumer) and Class B (consumer) lighting devices1 has 
become more relaxed than its equivalent for RF (discharge) lighting3.

• This gap for the conducted emissions limit is about 13 dBuV for the frequency 
range from 450 KHz to 1.6 MHz, and 3.5 dBuV from 1.6 MHz to 1 GHz.

Conclusions
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• The maximum radiated emission limits for RF LED devices1, and RF Lighting 
(discharge) devices3 are exactly the same except for a small difference in the 
band from 960 MHz to 1 GHz.  It appears that most RF LED lighting devices and 
RF (discharge) lighting devices complying with maximum emission limits do not 
have significant emissions above 300 MHz; additional research is needed to 
consider if this observation is correct.

Conclusions
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Thank you

Questions?

Comments?



Backup Slides
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CISPR 15

Some New Definitions
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CISPR 15
Generic Test Setup
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Not Applicable
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See Reference 3

FCC Part 18 Scanning Frequency Requirements
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Updated
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NA

CISPR 15
NEW
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CISPR 15
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CISPR 15

Updated
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Input Output Application Examples

Mains voltage (ac) Constant Current General Illumination, 

Signage, Hazardous 

Locations, Consumer 

Products & Others
Mains voltage (ac) Constant voltage

Constant (dc) voltage Constant current Emergency Lighting, PoE,

& Energy Storage Lighting 

Systems (Solar, etc.), 
Constant (dc) voltage Constant dc voltage

Mains voltage (ac) Pulse Width Modulated 

(PWM)

General Illumination

(mostly for dimming systems)

LED Driver Basic Configuration Types
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NA Radiated Emission Limits for RF Lighting Devices
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Line Impedance Stabilization Network (LISN)
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R1 R2 R3

50uH 250uH

0.25uF 8uF 1uF

  

Power 
Source

Lighting RF 
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Line Impedance Stabilization Network (LISN)
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NA Conducted Emissions Comparison
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Radiated far-field 
decay according 
to 1/D
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Figure 17

Radiated Emission Limits at Different Distances
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NA Radiated Emissions Comparison
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Noise Floor Inquiry Scope

Applications



Applications



U.S. Floor Noise Model 2002

Applications



The ITU kept the same 
man-made noise prediction 
model in their 2015 
recommendation.

Applications



Control Gear




