AND8171/D

NCP1421/2 Reference
Designs for High-Power
White LED Flash
Applications ON Semiconductor”

http://onsemi.com

Prepared by: Jim Hill
ON Semiconductor APPLICATION NOTE

Abstract profile, small sized inductor and output capacitor to be used.

The attached design illustrates how the NCP1421/2 boostAlso an integrated disconnect switch provides “true cutoff”
converters can be configured as a current regulator forby isolating the output from the battery during shutdown.
biasing high current white LED’s. Typical boost converters, The NCP1421 comes in the 3x5 mm Micro-8 package, and
such as these, have a reference voltage of 1.2 V. Since thithe NCP1422 comes in the 3x3 mm DFN package. Because
is a current sourcing application, the more straightforward of these features the NCP1421/2 are well suited to provide
approach of directly sensing the boost converter’s referencecurrent regulation for biasing high current white LED’s in
voltage (Vef), which is 1.2 V, across a sense resistor would portable flash applications. Figure 1 illustrates this circuit.
dissipate too much power at the currents required to drive In summary the reference voltage is split between the
high—power White LED’s. Also, the lot-to-lot forward current sense resistor, R4, and a divided down voltage from
voltage variation is too high to simply regulate at a fixed the white LED with resistors R2 and R3. This helps remove
voltagewith a current limiting resistor. Therefore, this paper some othe dependence of the NCP1421/2’s output voltage,
describes technique that reduces both the power loss in theand thus current, on the LED’s forward voltage, Vhis
senseesistor and the lot-to—lot variation effect of the LED. alsohelps prevent lot—to—-lot Mvariation affecting the LED
This applications shows two implementations of this brightness.
conceptFigure 1shows a simple boost converter configured  Figure 1 shows a typical circuit which, with the Bill of
at various current levels and uses the Lumileds LXHL- Materials shown in Table 1, can provide LED currents of 200,
WWO06 white LED. Figure 5 shows a circuit that switches 600 and 800 mA. The 200 mA design uses the NCP1422
between dow current for focus lighting and high current for because of its smaller footprint, and the 600 mA and 800 mA
the flash and uses the Lumileds LXCL-PWF1 white LED. designs use the NCP1421 and NCP1422 respectively to
showcase the load current limits of each device.

The higher currents (600 and 800 mA) assume that the
LED will be pulsed and not run at steady state. 50 ms pulses
on the LBI/EN were used in the analysis of these circuits.
The NCP1421/2 takes 1.5 ms (nominal) to turn on after the
LBI/EN pin is driven high.

Overview

The NCP1421 and NCP1422 are monolithic boost
converter IC’s uniquely suited to power higher current
portableapplications (600 — 800 mA maximum). Their high
switching frequency (up to 1.2 MHz) allows for a low
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Figure 1. NCP1422 Configured to Drive High Current White LED
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Figure 4. Electrical to Optical Efficiency vs. Input Voltage

Design Steps

The following steps show how to determine the critical
component$or this circuit. (R2, R3, R4, L1) This shows the
600 mA version as an example:

Step 1:Let LED current =g = 600 mA

Step 2:From the LED datasheet, let¥ 3.5V
(Find value of \¢ at 600 mA).

Step 3:Let R3 =100 R

Step 4:Let Vrg = 0.5 * Vjef Which is 0.6 V. This places
equal dependence ongWariation and tolerance of the

inputvoltage is assumed to be 3.6 V and has been optimized
around this point.

Step 10:Determine output voltage. Output voltage will be
VE+VRa=4.1V One can use the 3.6 V agg thosen above
because this circuit decreases LED currentamtfeases
from the designed value. This is shown by the following
equation: b = 1/R4*(Vref — VE*(R3/R2 + R3)) Conversely
it increases current ag-\decreases from the designed value,
but then the difference betweeg, ¥@nd 4t is less, so the
peak current is reduced.

reference and R4. One could increase the output voltage by Step 11: Use the NCP1421 or NCP1422 datasheet to

making the voltage across R4} larger or decrease
power dissipation in R4 by loweringry.

Step 5:For Ip = 600 mA and ¥4 =0.6 V, R4 = 1.0

Step 6:Now, VR4 plus the divided voltage off of the LED
must equal 1.2 V, and that is 0.6 V

Step 7:S0, R2 = (\W/(Vref — VR4)) *R3 - R3 =

(3.5/0.6) * 100 K — 100 K2 = 483 IQ

determine the appropriate L1, C1, and C2. For this
application 6.8uH, 22uF, and 22.F were found to work well
over the load and line range.

Step 12:Determine the inductor saturation current. For
this circuit Vi, min = 3 V: L ayg = lout/ (1-D) where D =
(1-Vin/Vou. Therefore layg = 600 MA/(1-(1-¥n/Voup) =
840 mA

Step 8:Then choose a standard value of R2 which is close  Step 13: Add 20% margin to this_hvg and pick an

to the above calculated value. Choose R2 = 45 k

inductor with and¢> 1.0 A.

Step 9:Pick input voltage range. These circuits assume a

one—cell Li-ion battery pack or a 3—cell NiMH pack so the
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Finally, Figure 5 shows a Focus/Flash application where external MOSFET changes the R4 resistance to vary the
the NCP1422 drives one LED at 200 and 600 mA. An LED current. 50 ms pulses were used for this design.
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Figure 5. 200/600 mA Focus/Flash Application
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Figure 6. LED Currentand V j, Ripple Voltage with 200/600 mA Focus/Flash Pulse
(CH2 =Vj,, ac—coupled @ 50 mV/div; CH4 =1 | gp @ 200 mA/div)
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Table 1. Bill of Materials for Figure 1

Ref Part Number Description PCB Footprint Manufacturer
200 mA Design
Ul NCP1422MNR2 NCP1422 Boost Converter DFN-10 (3 x 3 mm) ON Semiconductor
D1 LXHL-WWO06 White LED Lumileds
L1 VLP5610T-6R8 6.8 uH Inductor (5.6 x5.0x 1.0 mm) TDK
R1 CRCWO0402104.... 100 kQ 0402 Vishay
R2 CRCWO04025603.... 560 kQ 0402 Vishay
R3 CRCW04021503.... 150 kQ 0402 Vishay
R4 DCRCW12062R70... 2.7Q 1206 Vishay
C1 C1608X5R1A224K 220 nF 0603 TDK
c2 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK
C3 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK
600 mA Design
Ul NCP1421DMR2 NCP1421 Boost Converter Micro-8 (3 x 5 mm) ON Semiconductor
D1 LXHL-WWO06 White LED Lumileds
L1 VLP6214T-6R8 6.8 uH Inductor (6.2x5.8x1.4mm) TDK / Coilcraft
R1 CRCW0402104.... 100 kQ 0402 Vishay
R2 CRCW04025603.... 475 kQ 0402 Vishay
R3 CRCW04021503.... 100 k2 0402 Vishay
R4 CRCW12061R00... 1.0Q 1206 Vishay
C1l C1608X5R1A224K 220 nF 0603 TDK
c2 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK
C3 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK
800 mA Design
Ul NCP1422DMR2 NCP1422 Boost Converter DFN-10 (3 x 3 mm) ON Semiconductor
D1 LXHL-WWO06 White LED Lumileds
L1 VLP6214T-6R8 6.8 uH Inductor (6.2x5.8x1.4mm) TDK
R1 CRCW0402104.... 100 kQ 0402 Vishay
R2 CRCW04025603.... 750 kQ 0402 Vishay
R3 CRCW04021503.... 150 kQ 0402 Vishay
R4 CRCW12061R50...* 0.75 Q 1206 Vishay
C1l C1608X5R1A224K 220 nF 0603 TDK
Cc2 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK
C3 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK

*2 - 1.5 Q resistors were used in parallel.
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Table 2. Bill of Materials for Figure 5
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200/600 mA Design

Ul NCP1422MNR2 NCP1422 Boost Converter DFN-10 (3 x 3 mm) ON Semiconductor
D1 LXCL-PWF1 White LED (1.64 x 2.04 x 0.9 mm) Lumileds

Q1 NTJS3157N N-Channel MOSFET SC-88 ON Semiconductor
L1 VLP5610-6R8 6.8 uH Inductor (5.6 x 5.0 x 1.0 mm) TDK

R1 CRCWO0402104.... 100 kQ 0402 Vishay

R2 CRCWO04025603.... 475 kQ 0402 Vishay

R3 CRCWO04021503.... 100 kQ 0402 Vishay

R4a CRCW12062R00...* 1.0Q 1206 Vishay

R4b CRCW12062R00... 20Q 1206 Vishay

C1 C1608X5R1A224K 220 nF 0603 TDK

c2 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK

C3 C2012X5R0J226M 22 uF /6.3 V (X5R Ceramic) 0805 TDK

*2 — 2.0 Q resistors were used in parallel.
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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