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ABSTRACT high currents would damage the LEDSs, so this is why

The increasing usage of Light Emitting Diodes (LEDSs) to electronic drivers must be added when LEDs are driven
address different lighting applications such as traffic from any voltage source. The amount of light emitted by an
signals, exit signs, backlighting and general illumination LED is proportional to the amount of average current
have made them very popular to the point where they areflowing through the device in the forwaloihs direction. As
now an attractive choice for all those lighting applications the current is varied, the output of the light will vary in a
that were once the domain of incandescent lamps. LEDssimilar way. Therefore, a Light-Emitting Diode (LED) is
have several advantages when compared with incandescengéssentially a PN junction semiconductor diode that emits
lamps.They offer fast turn—on, lower heat generation, lower light when current is applied.
power consumption, higher operating life, and high By definition, it is a solid—state device that controls
resistance tehock/vibration. Nevertheless, LEDs need to be current without heated filaments and is therefore very
driven properly to ensure optimal performance and long life. reliable. LEDs have special characteristics that assure high
Designing and implementing an effective driver is key to reliability and compatibility with electronic drive circuits.
obtainall the benefits of LEDs. The driver's implementation LEDs have advantages and disadvantages when
must be cost effective, which is not usually achieved withcompared with other light sources such as incandescent or

discrete components but with integrated solutions. fluorescent lamps. The most significant advantages are fast
turn—on, lower heat generation, lower power consumption,
INTRODUCTION longeroperating life, and high resistance to shock/vibration.

LEDs are created from various doped semiconductor some of the disadvantages are the narrow viewing angle,
materials in the form of a P-N diode junction. When near monochromatic light, limited wavelength selection,
electrical current flows through the junction in the forward gnq they require electronic drive circuits for operation.
direction, the electrical carriers deliver energy proportional LEDs, regardless of color, have an extremely long
to the forward voltage drop across the diode junction, which jifetime, whenever their current and temperature limits are
is emitted in the form of light. The amount of energy is ot exceeded.
relatively low for low current (< 30 mA) infrared or red Lumiled€] Lighting LLC [1, 2] has published lifetime
LEDs. However, for green and blue LEDs which are gata stating that after 50,000 hours the LEDs will have 70
manufactured frorr_1 higher forward voltage materials, the percent or greater of the original light output. Using an
amount of energy is greater. engineering rule of thumb with data already collected and

The conversion efficiency of electrical energy into light plotted on a semi-log graph paper, LEDs are projected to
energy is very important. Today's LEDs vary between 10 haye 50 percent or greater of the original light output after
and 20 percent f¢iency. The rest of the energy is converted 100 0oohours. This is approximately 11 years and 5 months
to heat. This heat must be effectively dissipated, as thepf continuous service with light greater than 50 percent of
operating junction temperature of the LED die must be the initial output. Remember, in order to obtain maximum
maintained no higher than +17Z5 life, the LEDs must be operated within the manufacturers

Sincethe device is being used in the forward biased mOde’specified limits of both current and diode junction
once the voltage applied exceeds the diode forward V0|tagetemperature. LEDs should be used where extremely long
the current through the device can rise exponentially. Very jife is desired and the cost of lamp replacement is very high.
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Figure 1 shows a typical LED V — | curve. This graph in TRADITIONAL METHODS FOR DRIVING LEDS
particular makes reference to the high current LED USING DISCRETE COMPONENTS
technology recently introduced. The maximum forward There are several methods to drive LEDs with discrete
current varies with the different type, style, and components. Figure 2 illustrates one of the simplest using a
manufacturer of LEDs. LED manufacturers have specified resistor inseries with the supply voltage to limit the current.
the maximum forward currents at 30 mA, 75 mA, 150 mA, This type of methodology is simple and cheap but has
350 mA,and 700 mA for dierently constructed LEDs. The  several disadvantagefhe most significant one is that since
higher current devices have special thermally designedthere is not any current control device, the variations in the
packages to transfer the heat to a heat sink. The same ruléaput voltage will change the average current to the LEDs,
can apply to devices having other current ratings by simplywhich results in poor illumination quality and sometimes
scaling down the current and power designs. even inthe degradation or total damage of the LEDs for high
line voltage conditions. To better illustrate the problem,
calculations ofhe current supplied to the LEDs will be made
based on the circuit shown in Figure 2. The normal ac line
| can fluctuate by 10 percent and therefore the transformer
I' output can vary between 10.8 Vac and 13.2 Vac whenever
» f the normal secondary voltage is 12.0 Vac. Based on this, the
: .i: LED’s current calculation for low, normal, ahayh voltage

ac line is made through the Formula 1:
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os pa L R B i Assuming that the characteristics of the LEDs used are:
Fersard Yelugs (V1 If = 350 mA and Vf = 3.5V, then the resulting current
Figure 1. Typical V— | Curve for Different LED’s ;:a}:culatlon for each of the voltage line conditions is as
ollows:
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Figure 2. Discrete LED driver circuit using a resistor in series with the supply voltage.
Application circuit for 12 Vac landscape lighting.
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As it can be seen, the change of the LED’s current is higher Another common LED driver method using discrete
than x 25% for a+ 10% variation in the ac line. For the low components is made through a linear regulator (MC7805,
line case, it causes the LEDs to dim while for the high line MC7809 or similar), and a series medium power resistor
case it may potentially damage them due to the overheatinqusually 1.0 W or bigger). Figure 3 shows this concept.
caused by the high current. This is why, these type of drive
circuits are not recommended nor often used because they
basically eliminate the valuable features of the LEDs.

Linear Regulator

R1A
57Q,10W

* 71 MC7809 9 %

2

Bridgel 2
24V,1.0A

LED1

V1 -
12 Vac @
60 Hz

LED2
LXHL-MW1D
N\

=o
Figure 3. Discrete LED driver circuit using a linear regulator and a series resistor.
Application circuit for 12 Vac landscape lighting.

The LED's current is set by the regulated output voltage INTEGRATED LED DRIVERS NUD4001 DEVICES’
of the linear regulator and the value of the resistor R1. TheDESCRIPTION

resistor value is easily calculated through Formula 2:
NUD4001 Device Description

Formula 2: This integrated current source is designed to replace
discretesolutions for driving LEDs in low and high ac or dc
voltage applications (6.0 V — 30 V). Its integrated design
technologyeliminates individual components by combining
them into a single small surface mount package (SOIC-8),
which results in a significant reduction of both system cost
and board space. Figure 4 illustrates the pin—out of the

r1 = Vout = VLEDS)
ILEDs
Assuming that the characteristics of the LEDs used are:
If = 350 mA and Vf = 3.5V, then the resulting resistor
calculation is as follows:

9.0V -70V) i i
Rl = =" = 57 Q NUD4001 LED driver device.
The power dissipation in R1 is given by:
P=12-R= (0350257 =07W Vin L] [ o

The current regulation is mostly dependent on the
regulator’s performance and should be expected to be good e [] — 1 o
since most voltage regulators provide good percentage of c
line and load regulation, usually lower thar5%. Rext Se‘ir,r;%ri';t — ] lout

Although this type of concept provides good current
regulation to the LEDs, it may not be optimum for GND |: —:| lout

applications where cost is critical, and either for those
requiring enable or electronic dimming functions.

SO-8 Package, Case 751

Figure 4. NUD4001 Integrated LED Driver
Pin—out Description
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This device provides a regulated dc current to a LED 4. Define M gep @ I ep per LED supplier’s data

array, from an ac or dc input. It can drive arrays of series or sheet:
parallel-seriekEDs for a wide range of applications. It has a. Per Example in Figure 5,
a low voltage overhead (1.4 V) to facilitate its usage in low Viep=35V+35V+35V=105V
voltageapplications. Its current regulating principle is made 5. Calculate Vrop across NUD4001:
through the generation of a constant voltage drop (0.7 V) a. Vdrop= Vin — VLED
across an external low power sense resistgg)(Rvhich b. Vgrop=12.0V -10.5V
sets the current independently of the input voltage supplied. C. Vdrop= 1.5 V (Mgrop must be higher than device’s
This operating principle makes it very simple to design overhead, 1.4 V)
LED'’s circuits around the NUD4001 device. Nevertheless, 6. Calculate Power Dissipation{P
thereare certain design considerations such as the maximum a. B = Vdgrop X lout
device’s power dissipation (1.13 W), operating ambient b.=15Vx0.330 A
temperature range, device’s voltage overhead and LED’s c. b =0495W
arrayconfiguration that have to be taken into account before 7.1f Pp > 1.13 W (or derated value based on ambient
implementing this integrated driver. A general design guide temperature. Refer to Figure 3 of NUD4001
is explained in the next section and illustrated in Figure 5. device’s data sheet), then select the most
In this case the device is utilized to drive three high intensity appropriate recourse and repeat steps 1-6:
white LEDs (If = 0.350 A, Vf=3.5 V). a. Reduce ¥
b. Reconfigure LED array to reducenyp
NUD4001 c¢. Reduced,i by increasing B
Vin — L lou d. Use parallel configuration of two or more
L || NUD4001 devices.
| The typical current regulation performance of the
§ ne [ ._:’L- NUD4001 device for the circuit of Figure 5 using
Rext = 2.2Q is shown in Figure 6:
Rext Current :I lout
_:_ Set Point . [ 0.40
= “ 0.30 —
12V “ 0.25 Ta=25°C Ta=85%C
“ 2 0.20
= = T 015
Figure 5. NUD4001 Device Driving Three White 0.10
High Current LEDs |
0.05
The steps to calculate the value of the external sense I

resistor (Rx), and to validate the operation of the device 0.00] > 4 6 8 10 12 14 16
within its power dissipation capability are explained in the

following design guide: Vin, (V)

NUD4001 Device's Design Guide: Figure 6. NUD4001 Device Regulation Performance
1. Determine{y:— LED’s current: at Three Different Ambient Temperatures
‘a lep = 335th ' (0°C, 25°C and 85°C)

2. Calculate Resistor Value fogR

a. Ryt = 0.7V At 25°C, the change of the LED’s current is only 1% for
lout an increment of 15% in the input voltage. This regulation
b. Ryt= /Y — 220 ratings are obtained from the data shown in Figure 6:
-extT 9330 T~ For Vin = 12 Vdc, byt = 328 mA,
3. Define \fn: For Vi, = 13.8 Vdc, dyt= 331 mA

a. Per Figure 5, =12V
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Similar regulation values are obtained at low and elevated power dissipation of the device for different ambient
temperatures. However, it is important to note that at low temperatures, which is reduced as the ambient temperature
temperature, the LED’s current is shifted by a factor of 5% rises. Figure 7 shows the power derating graph at different
while at elevated temperature it is lowered by a factor of ambient temperatures for the NUD4001 device (mounted
11%. These values are also obtained from the data shown ionto FR-4, 2 sq inches copper pad, 1 oz coverage double

Figure 6: sided board):

For Ta = 25°C and \\, = 12.5 Vdc, $yt = 329 mA 1.200

For Ta = 0°C and \\, = 12.5 Vdc, §ut = 344 mA \

For To =85 C and \\, = 12.5 Vdc, §ut = 291 mA glloog NG

Even if it seems strange, this type of behavior is ideal and= \\

usually desired by the LED manufacturers. It is because atg 0.800 \\
high ambient temperatures the junction temperature in thez. N
LEDs would increase but the reduction in current cancels$ o.600 N

this efect. At low temperatures the current may be increasedg
by a small percentage (usually no higher than 10%) since theé 0.400
¢}

LED’s junction temperature is colder.
J p O \
NUD4001 Power Dissipation 50200
Although the basic design considerations of the

NUD4001 device are explained in the design guide, it is 0-000
necessary to emphasize and put special attention in the 25 35 45 55 65 75 8 95 105 115 125

powerdissipation (B) and thermal parametersgfR) of the Ta, AMBIENT TEMPERATURE (°C)
device aghese are the main things to consider for designing Figure 7. NUD4001 Power Dissipation (P p) vs.
around it. Ambient Temperature (T p)

The power dissipation of the SO-8 package is a function

of the pad size. This can vary from the minimum pad size for Based on this information, it is possible to conclude that
soldering to a pad size given for maximum power in order to optimize the LED’s driver circuit design using the

dissipation. Power dissipation for a surface mount device isNUD4001 device, it is necessary to keep the ratio between
determined by the maximum rated junction temperature of Vin @1d M Eps @s low as possible but also higher than the
the die (T), the thermal resistance from the device junction device’soverhead value of 1.4 V. A good design window for
to ambient (R;a), and the operating ambient temperature this ratu_) should be between 1.5V and 2.5 V for a 350 mA
(Ta). Using the values provided in the NUD4001 device’s aPplication.

data sheet, f°can be calculated through the Formula 3: NUD4001 DESIGN CONSIDERATIONS FOR

Formula 3 12 VAC APPLICATION CIRCUITS
T1—T Currently, most of the 12 Vac landscape lighting
Pp = (‘EZTAA) applications are being designed with the new technology of

high intensity white LEDs. This LED technology needs to

The NUD4001 device is rated for 1.13 W atJ 25°C be supplied with currents between 100 mA and 700 mA,
whenever it is mounted onto FR-4, 2 sqg inches pad, 1 ozawhichmakes the driver’s power dissipation the main design
coverage double side board. Its thermal resistanceconsiderationFigure 8 illustrates a typical 12 Viandscape
junction—to—ambient is 12C/W under the same board lighting application circuit using the NUD4001 device as the
conditions. From Formula 3, it is possible to calculate the LED’s driver.

1
l Rextl |—2 8
_4] 7
A D1 D2 3] 4001 [6
4
.O
12 Vac From: 1 LED1
60 Hz Transformer or + Q Luxeon Emitter, 350 mA
Electronic Transformer —=cC1 NUD4001 [\Y
O LED2
\\Luxeon Emitter, 350 mA
A D3 D4 LED3
\\Luxeon Emitter, 350 mA
=o

Figure 8. 12 Vac landscape lighting application circuit using the NUD4001 device to drive three 350 mA LEDs.
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The first design consideration for the circuit shown in cases where the input voltage is supplied through a 60 Hz
Figure 8 is the type of diodes needed for rectification (D1, transformer. Therefore if an electronic transformer is used
D2, D3 and D4), because the 12 Vac input can be suppliedhen the formula is not applicable and the selection of the
from a 60 Hz transformer or an electronic switching capacitor is most likely to be made through entirely lab
transformer. Therefore, for the case where an electronicwork.
transformer is used, it is necessary to use rectifier devices The final design steps for the circuit of Figure 8 are to
with fast reverse recovetime (t;), otherwise problems will  calculate the external sense resistorexfR and the
be experienced. The ON Semiconductor's MURA105T3 NUD4001 device’s power dissipationgR? which is made
device is the ideal choice for these purposes. by following steps two and six of the design guide

Another design consideration is the voltage drogdy previouslyexplained. The resultingdg for a LED'scurrent
across the NUD4001 device (Q1) as it directly impacts the of 320 mA is 2.X2, and the power dissipation for the same
power dissipation of the device. As explained previously, current value is 0.8 W. Based on these calculations, the
Vdropis dependent on the average voltagggvsupplied to resulting Bill of Materials (BOM) is as follows:

the device and the voltage drop of the LED’s array art Code Vordor Sart Number
(Vdrop= Vavg— VLEDs). For an optimum design, thisgNp
should be kept between 1.5 and 2.5 V for a 350 mA| D1-D4 ON Semiconductor MURA105T3
application. The value of the capacitor (C1) is an important Q1 ON Semiconductor NUD4001
factor to consider asayg strongly depends on it. The value c1 VISHAY 470 4F, 25V
of the capacitor in farads can be determined by using the
Formula 4 developed by Savant [3]. R1 VISHAY 229
LED1 - LED3 LUMILEDs LXHL-MW1D
Formula 4:
Figures 9 and 10 show two oscilloscope pictures of the
C= A\</'\f/|£F>e(|_ waveforms generated across the circuit shown in Figure 8
N once the previous BOM is implemented. Figure 9 refers to
C = Value of the capacitor is farad the case where the input voltage is taken from a 60 Hz
Vmax = Peak AC line voltage transformer (@mura 3FD—-424 or similar), and Figure 10 for
AV = Peak-peak capacitor voltage normal Oga¥ the case of a switching transformer (Cooper LZR-404 or
fr=Twice the ac line frequency (120 for a 60 Hz system) gjmijlar).
R = Effective load resistance The current regulation performance of the circuit shown

The effective load resistance (elr) is a term used forjn Figure 8 for different average voltages values resulting
converting the LEDs and the driver into an equivalent oy variations in the ac line, is similar than the one shown
resistance. It is the value of this resistance that is used inp Figure 5. At 28C, the change of the LED’s current is
selecting the electrolytic capacitor. The elr is the input expected to be of only 1% for an increment of 15% in the
averagevoltage to the driver for a given ac line voltage value nnyt voltage.
divided by the LED current. Using Formula 4, it is possible  There are some cases where the application only requires
to theoretically calculate the capacitor needed for the wanted, light up one LED instead of three, so for those cases it is
Vavg In the case of Figure 8a)is selected so thatdbp necessary to add an external power resistor to reduce the
is no higher than 2.5 V. If the Vf of each .LED Is 3.5Vand voltage drop (Mrop) across the NUD4001 device to have it
they all are in series, then the resulting,g/is 13 V. gperating within its power dissipation gP capabilities.
(Varop = V(avg ~ ViLEDs)- Based on this and using Figyre 11 illustrates this circuit concept and Figures 12, 13
Formula 4, the capacitor is calculated as follows: and 14 show the circuit regulation performance, the

NUD4001 device's power dissipation, and the power
13 dissipation in the power external resistor ¢{R
respectively.
[(0'4 ' (12 2 )) " 120 37'2] The BOM for D1-D4, C1 and &1 is similar to the one
defined for the circuit of Figure 8. The only addition to the
C = 428 uF circuit of the Figure 11 is the power resistesdR

Similar circuits can be made to drive different LED arrays
for low input voltage applications (6.0 V to 24 V). The main
important to consider is to not exceed the power dissipation
of the NUD4001 device to assure reliable operation.

C =

The closest commercial capacitor value is gfOwhich
gives a first approximation of the capacitor (C1) needed.
This value should not be taken as the final one as it is
necessary to do additional lab analysis to validate it. It is
important to notice that Formula 4 is only applicable for

http://onsemi.com
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Tk GEERN |6 kS 130§ dame
I
=9 Vac i | Channels
- T | Definition
v 1 Vav |
| ¥ / E #
| | Chl-Vin
. [ | Chl-10V/div
14 [ ] . | | Chl-12Vrms
! i i | Ch2-Vavg
! o S , T | Ch2-5V/div
| 3 | Ch2-13Vvavg
lavg Ch3-lavg
| | Ch3-200mA/div
Pl it ot it e i, | CH3-320mAavg
e
1 1ovidiv® I 5Vidiv WEDEEE O 7 TR0
200mA/div

Figure 9. Waveforms generated across the circuit
shown in Figure 8 when a 60 Hz transformer is
used for the supply voltage.

Tk EERH 10 DSE

vac | Channels

i | Definition
L 2 1

| % Chi-Vin
| Chl-10V/div
| | Ch1-12Vrms

| Ch2—Vavg
| Ch2-10Vv/div
| Ch2-12.8Vavg

\ | Ch3-lavg

vavg | Ch3—200mA/div

i, eliirmte P i ey, I, P w4 Ch3-315mAavg
o lavg |
R 16Vidiv WiF 10vidiv WS e ] 5 1 10an

C=1 200mA/div

Figure 10. Waveforms generated across the circuit
shown in Figure 7 when an electronic switching
transformer is used for the supply voltage.

¢ ¢
17Q,3.0wW
A D1 A D2
8
7
12 Vac From: o 4001 g
60 Hz Transformer or
Electronic Transformer
O ® + Q1
—_—C1 NUD4001
v LED1
Luxeon Emitter, 350 mA
A D3 D4 A\
=0

Figure 11. 12 Vac landscape lighting application circuit using the NUD4001
device to drive one 350 mA LED.
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0.400 T T 2.00
0.360 Ta=0°C 1.75
0.320 [ Ta=25C ' yd
0.280 ’ Ta=85°C o 0
y/ E fd
0.240 T 125
< Ta=ssc /. //
0.200 = 1.00 | /)
: Vd/4
0.160 % 0.75 Tp = 25°C 1/
0.120 g ){ /
7 050 /
0.080 / )7
0.040 0.25 £ Z/  Ti=o0C i
0.000 0.00 s L
6 10 12 14 16 ) 8 10 12 14 16
Vin, (V)
Figure 12. Current regulation performance of the Figure 13. NUD4001 device’s power dissipation
circuit of Figure 11 for different V. 54 values. when operating in the circuit of Figure 11 for
different V 5yg values.
2.80 T
Tp = 0°C
2.40 },—
n 2.00 TA =25°C —
. |
[ |
$ 160 v/ TA=85°C —
i /]
1.20
2 /
g
0.80 7,
0.40
0.00
6 8 10 12 14 16

Figure 14. Power dissipation in R

Vin, (V)

ext2

for the circuit

of Figure 11 for different V. 5,4 values.
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NUD4011 DESIGN CONSIDERATIONS FOR simpler as it does not need to have a full bridge rectifier nor
120 VAC APPLICATION CIRCUITS a capacitor. Figure 15 shows a schematic diagram to drive a
In addition to the already explained design considerationsLED array of 30 white, low current units (30 mA) for a 120
for the NUD4001 device, it is necessary to consider powerVac application using the NUD4011 device. This device is
factor requirements and transient voltage protection whensimilar than the NUD4001 device but with higher

designing 120 Vac circuits around it. If there is no breakdown voltage.
requirement for power factor, then the circuit becomes

Q1
? ° NUD4011

LED1
Nichia, 30 mA
V1 !
+
120 vac () YARISTOR h)
60 Hz T
LED2
y Nichia, 30 mA
N
|
///
LED30

T\\Nichia, 30 mA

Figure 15. 120 Vac application circuit using the NUD4011 to drive 30 white low current LEDs (30 mA) in series.
No requirement for power factor

I
=0

For Figure 15, current conduction occurs only after the Formula 5:
peak voltage of the positive ac cycle exceeds the forward V = Vpeak - sin@
voltage ofthe LED array. The total forward voltage is given
by the Vf voltage of a specific LED device multiplied by the
number of LEDs connected in series. Assuming that Nichia™~"~" ;
white LEDs with characteristics of Vf = 3.6 V and Positive cycle of the ac input. .
If = 30 mA are used, then the resulting total forward voltage A KNOWn, \peakhappens & = 90 of the ac cycle, which
of the 30 series LEDs array is 108 V. This indicates that fanslates to 4.165 msec in time for a 60 Hz frequency.
current conduction is only present during the time that the Formula 5 is then used to firtofor 108 V-

Using this formula and other analogies, it is possible to
determine the time for current conduction during the

positive. cycle of.the ac input is higher than 108 V This is 108V = (120 ) JE) . sin®
something very important to consider for determining the
value ofthe external resistor gR1) to set the LED’s current 0 = 39.52°

because it is now dependent on the peak current value angnd then. since 90s 4.165 msec. then 39%i4 1.82 msec
the conduction time. To better illustrate this, the current peakBased or,1 this. the current cond,uction time is calculated as

calculation is made for the circuit shown in Figure 15. follows:
Formula Sshows the equation to calculate the instantaneous (4.165 182 )2 = 467
. msec — 1. msec) - = 4, msec

voltage over time for a sinusoidal waveform:
Assuming that the 60 Hz current waveform is square
shaped, it is possible to say that since 16.66 msec is 100%
duty cycle, and 4.67 msec is 28%, therefore:

l(avg) = Ipeak - duty cycle
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If the average LED current wanted is 25 mA: procedure already explained. The only variation is the
l(avg) frequencywhich is increased to 120 Hz because of the usage
lpeak = duty cycle of a full bridge rectifier. The frequency affects the duty cycle
X and therefore thedakcalculation.
5 mA
| =
peak = 028 NUD4001 DEVICE'S PWM AND ENABLE

FUNCTIONS
. o _ In addition to the current regulation function, the
Uponthe calculation of the)bak it is possible to calculate  NUD4001 device offers the ability to PWM the LEDs for

|peak = 89.2 mA

Rext. dimmingapplications by using an external small signal NPN
Rext = 0.7V transi_stor connected between_ pin 4 and ground. _Thi_s is a
Ipeak very important feature specially for those applications
where multicolor lighting is required (swimming pools,
Rext = 7.84 Q bars, etc.). The same small signal transistor can be used for

This theoretical procedure provides a way to have a firstan enable function for conditioning applications. Figure 17
approximation for the value of thesRneeded. However it illustrates the circuit for PWM function in a 12 Vdc
should not be taken as final until validated through lab application to drive three high current (350 mA) white
analysis. Figure 11 shows the expected current waveformd_EDs.
in the LED’s array for the circuit shown in Figure 10, with

Q1
Rext= 7.8 NUD4001
1
Re><t1 I— 8
0.09 w 2Q.14W _g 7
0.08 lout YWN— 4001 g
A ARAARADBNNDAANDNDNDDRNA )
o 0.07 Rext2
L 006 110k, 1/4 W LED1
< 4 L AMA——¢ LXHL-MW1D
w 0.05 = Vi A\
g™ T 12Vvdc
E 0.04 LED1
o ,_|: Q1 h 4
a LXHL-MW1D
= 0.03 ff ltavg 2N2222 W
0.02 (K i T PWM Wy LED1
LXHL-MW1D
0.01 N
0.00 _T_
0 0.05 0.1 0.15 0.2 025 03 =0
TIME, SECS Figure 17. NUD4001 Device Configuration for

Figure 16. | yeak and | (ayg) Waveforms through the PWM Function

LED'’s array for the circuit shown in Figure 15,

With R oy = 7.8 Q. The function of Ryt is to pull up the pin 4 of the device

when the PWM signal in the base of the NPN transistor is
As it can be observed, thgehkand lgyg values do not  ow. The average current applied to the LED is directly
exactly match with the calculated ones. So this is why, it is dependent on the duty cyclgy} = IpeakX duty cycle). And
important to do lab analysis to achieve specific design targetsthe LED's light intensity is directly dependent on the
The power dissipation of the NUD4011 device for the average currentdyg) applied. In the case of Figure 17, the
circuit shown in Figure 15 is calculated as follows: current isset to be 350 mA at 100% duty cycle and therefore,
PD = [(Vpeak — VLEDS) * I(avg)] - 0.28 it proportionally decreases for narrower duty cycles. The
PD = 0.464 W PWM circuit is good_ for freque_ncies between 1OQ Hz_ar_1d
' 1.0 kHz. Most dimming applications use frequencies within
In order to achieve lower power dissipation in the LED g range.
driver_(NUD4011), it is necessary to configure the LED'S  Tphe same type of configuration is used for the enable
array in a way so that the total Vf is close enough to thefynction. The only difference is the way that the base of the
voltage applied to it. _ . NPN transistor is driven. The same concepts can be applied
If the application has power factor requirements, then itis fo, high voltage applications, the only things to consider is
necessary to use a full bridge rectifier across the ac input tqq select a transistor with high enough breakdown voltage,
keep inphase the current and voltage waveforms as much as;ng to add an external low power resistor (1/4 W) of®0 k
possible. The B calculation is made through the same petween pin 4 and the collector of the PWM transistor.
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SUMMARY LEDs are driven from a high voltage supply, then it is
_ ) necessary to add an external power resistor to reduce the
Discrete Methods (resistors) voltage drop across the device (see Figure 11).

Discretemethods to drive LEDs are not recommended nor Selection of the proper copper area according to the

often used because they basically eliminate the Valuableapplication needs and device's specifications is key to
features of LEDs, and sometimes even cause total damageachieving optimum device's operation.

Linear Requlators The enable and PWM features as well as the low cost

Although the concept of linear regulators provide good 'MPlementation is what distinguishes the NUD4001 and
current regulation for LED’s circuits, it may not still be NUD4011 devices from linear regulators and discrete

optimum for applications where cost is critical, and either SO!Utions (resistors) to drive LEDs.
for those applications requiring enable or electronic REFERENCES

dimming functions. 1. ON Semiconductor sitewww.onsemi.com
NUD4001 Device 2. Fitzgerald, A.E. Higginbotham, David E. Arvin
The NUD4001 device offers a low cost current regulation Basic Electrical Engineeringrifth edition. 1981.
integrated solution for different LED’s circuits of high and 3. Lumiled: www.lumiled.com
low ac/dc voltage (6.0 V — 24 V). 4. Nichia: www.nichia.com _
Design considerations such as the device's power - Boylestad, Robert L. Circuit Networkighth
dissipation, breakdown voltage and maximum current edition. August, 1988.
capability have to be taken into account before 6. PSPICE release 9.1. Released notes February
implementation in application circuits. 2000. '
Selection of the proper LED’s configuration to drop as 7. ON Semiconductor’s data sheets NUD4001/D and
much as possible of the supply voltage in the LED array is NUD4011/D.

key to achieve design optimization. If a low quantity of
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