Introduction to Light Emitting Diodes (LEDS)

Introduction

Light-emitting diodes (LEDs) are promising lightirsgpurces for general lighting applications with the
promise of being more than ten times as efficisninaandescent lighting. Such characteristic coetbin
with their long operating life and reliability hasade them becoming a potential choice for next
generation of lighting systems including automatieenergency, backlight, indoor, and outdoor. To
ensure proper operation and to control the ligherisity, LEDs need an efficient driver, normally
implemented by power electronics-based convergages, to match the LED characteristics with the AC
grid voltage and to generate a controllable, higality light.

Luminous flux is an attribute of visual perceptionwhich a source appears to radiate or refledttlig
“Brightness” is a non-quantitative term that iseoftused to describe this characteristic. Lumintusi$
measured in lumen and is the light power measureliiptied with the VA scaling function which
compensates for the human eye’s sensitivity toedfit wavelengths. The luminous flux of LEDs is
largely governed by the current flowing through tiewice. Fig. 1 shows a typical curve characteristi
an LED (luminous flux versus the current).
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Fig. 1: LED Current vs. Luminous Flux [1]

Another variable that plays a significant role imetamount of luminous flux of the LED is the
temperature of the LED device. Thus, it is impatrtancontrol the temperature of these devices deor
to maintain full control. Fig. 2 shows the relaship between the forward voltage and the forward
current of an LED. As expected, the LED has a tiolesforward voltage beyond which it allow current
to flow through it. Once the LED voltage reachestlitreshold value, its current becomes an expaienti
function of its voltage.
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Fig. 2: LED Forward Voltage vs Current [1]
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Fig. 3: Forward |-V characteristics of the 340 nm IED measured at 5-300 K [2]

As Fig. 2 shows, voltage control of LEDs might besgible. However, a slight increase in the
temperature results in a shift in the curve charéstic to the left as can be seen in Fig. 3. Tioeee over
time, the forward current of the LED increases Whiesults in a higher temperature and subsequantly
shift in the current, i.e., a positive feedbackisTprocess continues until the device fails. Thaefa
current control is the preferred control of an LED.

LED Dimming Techniques

The capability of reducing the intensity of outpigiht is called dimming. LEDs can be dimmed by
controlling the forward current flowing through the This can be achieved in two ways: Amplitude
Modulation (AM) and Pulse Width Modulation (PWM).



Amplitude Modulation: In AM, the dc current flowing through the LED iontrolled to achieve
dimming. Supplying more current to an LED increa#ies light intensity, and reducing the current
decreases its intensity. Typically, the currentcamtrolled using a resistor in series with the LED
variable resistor like a potentiometer) or a curregulator circuit. One way of dimming an LED d@suse

a variable resistor (potentiometer) to dynamicatjust the current received by the LED and thereby
increasing or decreasing its intensity. A typic Alimming technique is shown in the circuit diagram
Fig. 4 in which by adjusting the reference valuetlné current feedback loop, the LED current is
regulated. The closed-loop current control isrmvjgle a stable luminous intensity and color. Tésstor
Rsin Fig. 4 is used to sense the voltage acrosgébistor and subsequently to measure the LED mirre
The measured value is used by the closed-loop dtentrto adjust the output voltage of the dc-dc
converter and LED current.

AM dimming works well for a single LED device. Hower, for a string of LEDs which are driven with
their recommended forward currents, a reductioauiment may turn off some LEDs before others, and
dim some of them while keeping others still quitgght due to variation in the characteristics of th
different LEDs. Furthermore, this might lead todpa slide, i.e., change in color of the lighting.
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Fig. 5: Block diagram of the implementation of the PWM dimming technique

Pulse Width Modulation: A more efficient way of dimming LEDs is to use tRMW dimming. In
PWM dimming, the LEDs are supplied by pulse cuseat high frequencies varying between the



recommended forward current (for maximum brighthessl zero. The LEDs turn on when the current is
high and turn off when the current is zero. In tleishnique, the frequency of the current is higbugh to
ensure that (i) the turning on and off of the LEfbe not apparent to the eye and (ii) it is outdive
audible range to avoid any acoustic issues. WithvRWe strings of LED bulbs can all be driven with
the recommended forward current when turned on.nidimg can be achieved by tuning the duty ratio of
the current supplied to the LEDs. The higher thig datio is, the brighter the LED will appear tceth
observer due to higher average forward currentgosupplied to the LED. For maximum brightness, a
constant current (i.e., the duty ratio of the cotrpulse is one) will be supplied to the LED. The
advantage of this method over the AM diming is dbsence of spectral slide and uniform dimming over
different LED strings. In Fig. 5, a switch is cowotedd to the LEDs in series that switches the ctrren
flowing through the LEDs between high and zeroqmidally.

Each of the AM and PWM dimming techniques may ofetsmsed on either a linear or a switching
regulator. The linear regulator receives an inpoitage and maintain a constant output voltage by
dissipating energy to shed the difference betwhenriput and output voltages. The switching regulat
switches the input voltage at high frequency tomain a regulated output voltage by varying therat
on-time to time period of the pulse. In a switchirgulator, as compared with a linear regulatcg, th
losses are smaller. That is, the LED drivers witlitching regulators have higher efficiency than the
drivers with linear regulators. Hence because gh lgfficiency and better illuminating quality, tR&VM
dimming technique with a switching regulator is fireferred choice for LED driving systems [4].

Driver Circuits and Control

In the technical literature, various dc-dc convettpologies along with their dimming techniquevéa
been proposed/investigated for LED driving[3]-[8Reference [5] provides an overview of various
commonly used topologies to drive LEDs and thespestive control strategies. Fig. 6 shows the most
commonly used dc-dc converter topologies includiregnon-isolated buck, boost, and buck-boost in Fig
6(a) to (c) and an isolated dc-dc converter in B{d@). The output voltage of the converters of [Eids
controlled depending upon the current demandetidy EDs by either the AM or PWM dimming.
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Fig. 6: Commonly used converter topologies to driveEDs [5]

The SEPIC converter is also one of the potential@converters for LED lighting. Fig. 7 shows the
circuit diagram of a SEPIC converter. The SEPICveoter is the topology which is used to drive each
string of 6 series-connected LEDs in Experimeras8shown in the circuit diagram of Fig. 7.
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Fig. 7: The SEPIC converters to drive series-connéad strings of LEDs [1]

The input to the SEPIC converter ranges betweed6}2which is then stepped up/down to the desired
output voltage level by appropriately changingdigy cycle. A closed loop controller is implemented
maintain the output of the SEPIC at the desiredllezgardless of the change in the input voltagher
output load. Each LED string is connected in pafadl the output of the SEPIC and in order to penfo
independent dimming of the LED strings a MOSFEpl&ed in series with each string. The brightness



of an LED string is roughly proportional to the mnt flowing through it and thus the duty cyclettod
MOSFET in each string is controlled to maintaineaerage current that is drawn by the string. treor
to maintain the constant current needed, the PVeéguiency of the FETs must be relatively large ireord
to prevent flickering. Furthermore, when two or metrings are turned on, the controller can perfanm
interleaving of the MOSFETSs in a manner such thatihstantaneous current and power drawn by the
circuit is minimized. This contributes to a redoctin the current stress of the switching devicethée
SEPIC converter.

References

1) Larimore, B.; “LED Lighting and DC/DC Conversi@ontrol Integrated on One C2000
Microcontroller,” Texas I nstruments Kit Documentation, Oct. 2010

2) Cao, X.A.; LeBoeuf, S.F.; , "Current and Tempera Dependent Characteristics of Deep-Ultraviolet
Light-Emitting Diodes,"Electron Devices, IEEE Transactionson , vol.54, no.12, pp.3414-3417, Dec.
2007

3) Wai-Keung Lun; Loo, K.H.; Siew-Chong Tan; Lai,M.; Tse, C.K.; , "Bilevel Current Driving
Technique for LEDs,Power Electronics, |IEEE Transactions on, vol.24, no.12, pp.2920-2932, Dec.
2009

4) Wensong Yu; Jih-Sheng Lai; Lisi, G.; Djabbari; Reutzel, E.; Morroni, J.; Anderson, D.; Hongbo
Ma; Yaxiao Qin; , "High efficiency DC-DC converte#th twin-bus for dimmable LED lighting Energy
Conversion Congress and Exposition (ECCE), 2010 IEEE , vol., no., pp.457-462, 12-16 Sept. 2010

5) H. Broeck, G. Sauerlander, and M. Vendt, “Podrérer topologies and control schemes for LEDs,”
Proc. IEEE Appl. Power Electron.Conf. (APEC), pp12-1325, 2007.

6) Yu-Jen Chen; Wen-Ching Yang; Chin-Sien Moo; Yaung Hsieh; , "A high efficiency driver for
high-brightness white LED lampTENCON 2010 - 2010 |EEE Region 10 Conference, vol., no.,
pp.2313-2317, 21-24 Nov. 2010

7) Ying-Chun Chuang; Yu-Lung Ke; Hung-Shiang Chuadlgia-Chieh Hu; , "Single-Stage Power-
Factor-Correction Circuit with Flyback Converteave LEDs for Lighting Applications,I'ndustry
Applications Society Annual Meeting (IAS), 2010 IEEE , vol., no., pp.1-9, 3-7 Oct. 2010

8) Garcia, J.; Calleja, A.J;6pez rominas, E.; Gacio Vaquero, D.; Campa, L.; , "Interleaved Buck
Converter for Fast PWM Dimming of High-BrightnedS[Ds," Power Electronics, | EEE Transactions on
, vol.26, n0.9, pp.2627-2636, Sept. 2011



