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1.0 Design Specifications
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Inputs

Outputs #1

VinMin=20

Voutl=3

VinMax=28

lout1=0.9

2.0 Design Description

This design document describes a circuit for driving very
bright high current LEDs, such as Luxeon LEDs, using a peak
current control scheme. A PWM control input is included, with
fast turn ON and turn OFF times so that the LED light output
can be synchronized to a system timing control function.

U1, LM5020, is a 100V Current Mode PWM Controller. The
oscillator frequency is set by resistor R3.

Atthe beginning of each oscillator cycle, FET M1 will be driven
on. This is because Vfb, the voltage feedback pin, is ground-
ed. Note that the COMP pin is left open, since the voltage
control loop is not used for this design. With M1 ON, L1 in-
ductor current increases. The inductor current is conducted
directly through the LED, so the LED current is likewise in-
creasing.

The LED current is sensed by the parallel combination of R5
and R11, and this signal is filtered to remove high frequency
switching noise by the low pass filter consisting of R6 and C4.
Current increases until the current sense input, CS, reaches
its threshold of 0.5V. At this time, M1 is turned off.

With M1 OFF, the inductor current must decay. When the in-
ductor voltage reverses, the catch diode, D1, turns ON. The

current decays in the loop consisting of LED, L1, and D1 until
the next oscillator cycle begins, at which time M1 turns ON
and the operating cycle repeats. The operation is at a fixed
frequency, and the peak current through the LED is con-
trolled.

The LM5020 includes an under voltage lockout (UVLO) fea-
ture, so that a circuit implemented with this controller will be
held in the off state until Vin reaches an acceptable voltage.
This value is determined by the R1 and R2 voltage divider.

In addition, a PWM control input is coupled into the UVLO
function by R4. The designer can select R1, R2, and R4 val-
ues so that a PWM logic level signal will gate the converter's
operation. This can be accomplished with very little phase
delay, since the propagation delays are quite fast, and the
control loop decisions are driven by voltage levels with no loop
filter delay. Also, because the LED current is controlled, and
there is no directly controlled output voltage, which one would
usually find in a voltage converter, no output capacitor is used.
Therefore, there is no capacitive discharge delay when the
converter is turned off by the PWM signal.
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3.0 Schematic
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FIGURE 1. Example Schematic Showing Connection for all Components.

4.0 Bill Of Materials

Part Manufacturer Part# Attributes

Cc2 Sanyo 50CV150AX 150u F, 0.21 Ohms
C4 Vishay VJO0805A101KXAAT 100p F

C5 TDK C2012X7R1H105K uF

Cc7 Vishay VJ0805Y103KXAC 0.1uF

D1 Diodes B240 05V

L1 Coilcraft D0O3316P-683 68u H, 0.2 Ohms
M1 Vishay S13458DV

R1 Dale CRCWO08051503FRT6 | 150k Ohms

R11 Dale CRCWO08051000FRT6 | 1 Ohms

R2 Dale CRCWO08051002FRT6 | 10k Ohms

R3 Dale CRCWO08051002FRT6 | 10k Ohms

R4 Dale CRCWO08051002FRT6 | 10k Ohms

R5 Dale CRCWO08051000FRT6 | 1 Ohms

R6 Dale CRCWO08051001FRT6 | 100 Ohms

Ul National Semiconductor LM5020

LED_LOAD

689758_864_0

www.national.com



/appinfo/webench/livewire/ui/symbol_lib/svg/WB_RESISTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_CONTINUATION.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_INDUCTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_N_MOSFET.svg
/pf/LM/LM5020.html
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_DIODE_LED.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_CAP_POLARIZED.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_RESISTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_PRIMITIVE_CAPACITOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_RESISTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_PRIM_STARTUP_VOLTAGE_SOURCE.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_PRIMITIVE_CAPACITOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_RESISTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_DIODE_SCHOTTKY.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_RESISTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_SOURCE_RESISTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_PRIMITIVE_CAPACITOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_RESISTOR.svg
/appinfo/webench/livewire/ui/symbol_lib/svg/WB_RESISTOR.svg

5.0 Waveforms
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FIGURE 2. LED current rise time detail at Vin=26V and ILED=0.88A ch1=LED voltage ch4=LED current
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FIGURE 3. LED current for Vin=26V, ILED=0.88A, fpwm=1.5kHz and D=0.1 ch1=LED voltage ch4=LED current
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FIGURE 4. LED current for Vin=26V, ILED=0.88A, fpwm=1.5kHz and D=0.5 ch1=LED voltage ch4=LED current
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design. Reference designs are created using National's publishied specifications as well as the published specifications of other device
manufacturers. While National does update this information periodically, this information may not be current at the time the reference
design is built. National and/or its licensors do not warrant the accuracy or completeness of the specifications or any information contained
therein. National and/or its licensors do not warrant that any designs or recommended parts will meet the specifications you entered, will
be suitable for your application or fit for any particular purpose, or will operate as shown in the simulation in a physical implementation.
National and/or its licensors do not warrant that the designs are production worthy. You should completely validate and test your design
implementation to confirm the system functionality for your application.

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYS-
TEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICON-
DUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems which, 2. A critical component is any component of a life support device

(a) are intended for surgical implant into the body, or (b) support or system whose failure to perform can be reasonably expected
or sustain life, and whose failure to perform when properly used to cause the failure of the life support device or system, or to
in accordance with instructions for use provided in the labeling, affect its safety or effectiveness.

can be reasonably expected to result in a significant injury to

the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no "Banned
Substances" as defined in CSP-9-111S2.

Leadfree products are RoHS compliant.

National Semiconductor National Semiconductor Europe National Semiconductor Asia National Semiconductor Japan
Americas Customer Customer Support Center Pacific Customer Support Center Customer Support Center
Support Center Fax: +49 (0) 180-530-85-86 Email: ap.support@nsc.com Fax: 81-3-5639-7507

Email: Email: europe.support@nsc.com Email: jpn.feedback@nsc.com
new.feedback@nsc.com Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560

Tel: 1-800-272-9959 English Tel: +49 (0) 870 24 0 2171
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