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Abstract—The use of energy efficient equipment in household
situations is increasing. Because of the non-linear and time-
invariant behavior of such equipment, conducted electromagnetic
interference problems arise. For instance, dimmed light equip-
ment and a speed controlled water pump resulted in interference
with static energy meters in previous studies. And the large crest
factor, short pulse duration, and fast rising slope of the drawn
current were correlated with the interference. Next to this, no
strict regulations apply for the emission of dimmers that control
the intensity or speed of a load. Therefore, this paper researches
the current emissions of dimmed lighting equipment, which is
providing situations that are representative to be used in low-
voltage networks. This includes different lighting technologies
and different dimming principles, i.e. rising and falling edge
dimming. It was found that falling edge dimming resulted in
the lowest conducted emissions.

Index Terms—Electromagnetic interference, lighting equip-
ment, non-linear, static energy meter, time-domain.

I. INTRODUCTION

Energy efficient equipment is increasingly being used in
household situations to decrease equipment’s power consump-
tion. Such equipment is non-linear and time-invariant which
causes conducted electromagnetic interference (EMI) prob-
lems in the frequency range from dc to 150 kHz [1], [2]. For
example, static energy meters, used to measure the energy
consumption in household situations for billing purposes, have
shown misreadings due to dimmed lighting equipment of light
emitting diode (LED) and compact fluorescent lighting (CFL)
technology [3], [4], and a speed controlled water pump [5],
[6]. Experimental errors up to 2675% are found [7]. The
time-domain parameters of the drawn currents are analyzed
in [8] and a large crest factor, short pulse duration, and
fast rising slope were correlated to the interference cases of
static energy meters. Other EMI problems involving lighting
equipment arise in power line communication (PLC) [9], were
the pulse duration of the current generated by LEDs affects
the communication [10].

The EMI from lighting equipment is of particular relevance
to investigate, as 15% of the global energy consumption is
generated by lighting equipment [11]. Previous research on the

This project 17NRM02 MeterEMI has received funding from the EMPIR
programme co-financed by the Participating States and from the European
Union’s Horizon 2020 research and innovation programme.

high emissions of lighting equipment focuses on the harmonic
emissions instead of the time-domain EMI [12]. Furthermore,
it was shown that grid impedance affects these emissions [13].
Next to the introduction of LED technology that allows energy
efficient lighting, dimmers can alter the ambience to a desired
level and reduce the consumed energy even more. Dimmers
are of interest as there is a lack of applicable emission limits
for dimmers in the IEC 61000-3-2 [14].

Therefore, this paper aims to research the time-domain
parameters of dimmed lighting equipment using different
technologies, and its frequency-domain representation. By
providing an overview of the emissions in various realistic
situations, that resemble the use in low-voltage networks. A
halogen lamp, a dimmable LED, and a non-dimmable LED
are used. Three different dimming principles are used: a rising
edge dimming using a triode for alternating current (TRIAC), a
rising edge dimming using a metal-oxide-semiconductor field-
effect transistor (MOSFET), and a falling edge dimming using
a MOSFET.

II. METHOD

A. Measurement setup

The schematic of the measurement setup is shown in Fig. 1.
To resemble the emissions in a realistic residential low-
voltage grid, the mains supply of the building is used. After
the mains plug a breakout box is connected, such that the
currents and voltage can be measured safely, followed by a
connection point for the measured load. A multi-channel time-
domain EMI approach is used to measure the voltage and
currents synchronous [15]. Pico Technology current probes
TA189 within 0.5 dB accuracy in the frequency range up to
200 kHz, calibrated according to [16], and a Pico Technology
TA043 differential voltage probe with a frequency range up to
100 MHz, are used and these are connected to a Picoscope pc-
based oscilloscope. At least ten cycles at mains frequency are
captured, which is equivalent to 200 ms, in accordance with
IEC 61000-4-30 [17]. And a sampling frequency of 1 MS/s is
used.

B. Post-processing

The captured waveforms are post-processed in order to
obtain the time-domain parameters using the parametric wave-
form model in [8]. This model describes the waveform by978-1-7281-7621-5/21/$31.00 ©2021 IEEE
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Fig. 1. Schematic overview of the measurement setup.

a set of scalar parameters, which are: charge, crest factor,
peak value, pulse duration, and slope. In this paper the slope
refers to the absolute maximum slope, which can be a rising
or falling slope. Also the active power of the waveform is
determined. Furthermore, the frequency-domain representation
is determined using a fast Fourier transform (FFT).

C. Description of the loads

Lighting equipment of different technologies are used in-
cluding: a halogen lamp, a dimmable LED, and a non-
dimmable LED. By using both the dimmable and non-
dimmable LED the dimmers are tested inside and outside its
intended use. The associated waveforms and characteristics
of these luminaries are shown in Fig. 2 and Table I, respec-
tively. It is remarkable to notice that the non-dimmable LED
produces an uni-polar waveform. Furthermore, the dimmable
LED has a lower peak value, longer pulse duration, and slower
inclining slope compared to the non-dimmable LED. Then,
two commercial off-the-shelf (COTS) dimmers are used to
control the intensity of the connected lamps. One uses the
TRIAC principle for dimming and is a rising edge dimmer,
and the other uses a MOSFET for switching, and can be set
to rising or falling edge dimming manually. This means that a
total of three dimming situations is realized by these dimmers.
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Fig. 2. Time-domain emissions of the (undimmed) lighting equipment.

III. RESULTS AND DISCUSSION

A. Dimming principles with linear load

First, the basic functioning principles of the dimmers are
exemplified using the linear halogen lamp. The rising edge
dimming using either the TRIAC or MOSFET based dimmer,
cuts out the first part of the sine wave, as is shown in Fig. 3(a)
and Fig. 3(b). It can be seen that the TRIAC dimmer results in
an overshoot when the halogen lamp starts drawing current.

Alternatively, the falling edge dimming cuts out the second
part of the sine wave, as is shown in Fig. 3(c). In all dimming
situations the dimmer is set to the most dimmed setting.
The time-domain parameters of the dimmed halogen lamp
are shown in Table I. The overshoot of the TRIAC based
dimmer results in a larger peak value and consequently a larger
maximum slope. This shows that the MOSFET based dimmer
reduces the noise and EMI compared to the TRIAC dimmer.
For the MOSFET based dimmer comparable parameters are
found for the rising and falling edge dimming principle,
although the absolute slope is slightly higher when using rising
edge dimming. So the MOSFET based falling edge dimmer
reduces the EMI even further.
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(a) TRIAC
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Fig. 3. Dimming principles exemplified with a (linear) halogen lamp.

B. TRIAC based rising edge dimmer with non-linear load

Second, the TRIAC based rising edge dimmer is used with
the non-linear LEDs. Here ten luminaries are used to operate
the dimmer inside its advised operating range. The time-
domain emissions are plotted in Fig. 4, and the corresponding
parameters are shown in Table I. The non-dimmable LED
has a significant larger peak value, pulse duration, and slope
compared to the dimmable LED. For the non-dimmable LED
almost no intensity change was observed when dimming the
lamp. The switch mode power supply (SMPS) of the non-
dimmable LED uses a large capacitor, in the small time



TABLE I. Time-domain parameters of the lighting equipment in combination with dimming equipment.

Lighting Amount of Dimming Type of Power Charge Crest Peak Pulse Slope
equipment luminaries equipment dimming (W) (mC) factor value (A) duration (ms) (A/ms)
Halogen 1 - - 57.5 2.1 1.4 0.34 10 0.1
Dimmable LED 1 - - 4.7 0.2 2.9 0.05 7.1 0.4
Non-dimmable LED 1 - - 2.2 0.2 5.6 0.16 2.5 1.1
Halogen 1 TRIAC Rising edge 11.2 0.6 6.1 0.62 3.0 14.8
Halogen 1 MOSFET Rising edge 11.6 0.7 4.6 0.46 2.9 8.1
Halogen 1 MOSFET Falling edge 10.5 0.6 4.6 0.44 3.1 5.6
Dimmable LED 10 TRIAC Rising edge 8.3 0.4 11.5 1.64 0.5 19.9
Non-dimmable LED 10 TRIAC Rising edge 18.0 7.1 8.9 15.22 1.8 243.8
Dimmable LED 10 MOSFET Rising edge 8.7 0.4 11.2 1.48 0.5 21.5
Non-dimmable LED 10 MOSFET Rising edge 24.8 2.3 8.5 6.17 0.8 31.5
Dimmable LED 10 MOSFET Falling edge 7.1 0.4 6.3 0.42 1.7 4.4
Non-dimmable LED 10 MOSFET Falling edge 19.1 1.6 7.0 3.16 0.9 20.7

interval allowed by the dimmer to draw current, the capacitor
is charging fast and provides enough charge to light up the
lamp. This explains the resulting extreme pulsed current drawn
by the non-dimmable LED. It is remarkable that the emissions
from the dimmable and non-dimmable LED have a different
phase firing angle. For the dimmable LED the intensity of the
lamp is decreasing and consequently less power and charge is
drawn. Still, when dimming the lamp a more pulsed current is
drawn, as the crest factor and peak value increase, whereas the
pulse duration decreases compared with the undimmed lamp.
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Fig. 4. Time-domain emissions of the TRIAC based rising edge dimmer.

C. MOSFET based rising edge dimmer with non-linear load

Third, the emissions of the non-linear LEDs in combination
with the MOSFET based rising edge dimmer are measured.
Again ten luminaries are used to operate the dimmer inside its
advised operating range. The waveforms are shown in Fig. 5
and the time-domain parameters are shown in Table I. In this
case the pulsed currents of both LEDs have a similar phase
firing angle. For the dimmable LED comparable time-domain
parameters are found, although the slope is slightly higher.
This is remarkable as the MOSFET based dimmer did reduce
the time-domain parameters and thus the emissions for the
halogen lamp. For the non-dimmable LED the peak value
decreased drastically, but also in this case the slope was higher
compared to the TRIAC based rising edge dimmer. This shows
that the non-linear LEDs are affected differently compared to
the halogen lamp.

D. MOSFET based falling edge dimmer with non-linear load

Fourth, the MOSFET dimmer is set to operate as falling
edge dimmer and is combined with the non-linear LEDs. Once
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Fig. 5. Time-domain emissions of the MOSFET based rising edge dimmer.

more, ten luminaries are used to operate the dimmer inside its
advised operating range. In Fig. 6 and Table I the waveforms
and parameters are shown, respectively. For the dimmable
LED the pulse duration is significantly larger compared to
the previous situations, also the peak value and slope are
reduced. As a result the crest factor is also lower, while the
power and charge are still comparable. For the non-dimmable
LED also the peak value is reduced, still the pulse duration
is comparable. The slope did reduce slightly compared to
the previous situations. The steepest absolute slopes were
measured in the falling part of the pulse, this shows that the
fast charging of the capacitor in the LED driver is less of an
issue when using the falling edge dimming principle. For both
LEDs the emissions did reduce significantly for the MOSFET
based falling edge dimmer. So the MOSFET based falling edge
dimmer can be considered as the best dimming principle in
terms of conducted EMI.
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Fig. 6. Time-domain emissions of the MOSFET based falling edge dimmer.



E. Frequency-domain analysis
Fifth, the frequency-domain representation of the dimmable

LED combined with the rising and falling edge MOSFET
based dimmer is shown in Fig. 7. The TRIAC based dimmer is
not shown as the time-domain analysis showed a similar result
compared to the rising edge MOSFET based dimmer. As was
already observed in the time-domain analysis, the emissions
are lower when the falling edge dimmer is used. Because the
active power is lower than 25 W and a plug-in dimmer is
added, no emission limits apply for this lighting equipment
according to the IEC 61000-3-2 [14], however the harmonic
frequency content is significantly large. This is exemplified
by a comparison with the limits of a 25 W luminary, which
has a significantly higher 50 Hz component of 0.1 A. However
the harmonic frequency components of the dimmable LED do
exceed these limits, as is visible in Fig. 7. This shows that a
dimmed LED has significant harmonic emissions that might
cause interference problems in low-voltage grids.
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Fig. 7. Frequency-domain plot of dimmable LED with MOSFET based
dimmer.

IV. CONCLUSION

In this paper the emissions of three different dimmer
technologies combined with lighting equipment are analyzed.
Both time- and frequency-domain analysis show the presence
of pulsed currents with extreme emissions that could cause
EMI problems in low-voltage grids. It was found that the
MOSFET based falling edge dimmer is the preferred choice
to use in relation to its conducted emissions. As the time-
domain parameters of the drawn waveforms were significant
lower compared to rising edge dimmers that used the TRIAC
or MOSFET for switching. For the TRIAC a large overshoot
was observed with a linear halogen lamp which was not
occurring with the MOSFET. However, for the non-linear
dimmable LED similar emissions were found for the TRIAC
and MOSFET when those are set to rising edge dimming.
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