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AN-1644 Powering and Dimming High-Brightness LEDs
with the LM3405 Constant-Current Buck Regulator
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ABSTRACT
This application report describes a few of the many application solutions for the Texas Instruments
LM3405 LED driver. The LM3405 device is offered in a 6-pin Thin-SOT (SOT) package and operates at an
internal switching frequency of 1.6 MHz, allowing the use of small-value inductors, thereby saving board
space.
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Introduction
The LM3405 is a 1A, constant-current buck regulator designed to provide a simple, highly-efficient solution
for powering LEDs with the highest power density. The low-feedback reference voltage of 205 mV (typical)
allows the use of LEDs with large forward voltages. The LM3405 LED driver comes with an integrated 1A
high-side power switch, internal current limit, over-voltage protection and thermal shutdown. The LM3405
driver utilizes current mode control with internal compensation offering ease-of-use and predictable, highperformance regulation over a wide range of operating conditions.
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Typical Application Circuit
Figure 1 shows the typical application circuit using the LM3405 regulator driving a single LED. The boost
voltage can be derived from VIN or VOUT. The BOOST to SW voltage (VBOOST-VSW) should never
exceed the operating limit of 5.5V, and must be greater than 2.5V for optimum efficiency.
In Figure 1, the maximum VIN is 5V and therefore the boost voltage is derived from VIN. The LM3405 data
sheet provides a detailed description of various circuits for boost-voltage generation. The LM3405 driver
tightly regulates the FB-pin voltage to 205 mV (typical) and this allows the LED current (IF) to be set by the
following equation:
IF =

205 mV
R1

(1)

R1 (min) is 200 mΩ such that IF (max) is limited to 1A. In case of an over current, the internal current limit
will trigger and turn off the internal power switch on a cycle-by-cycle basis. In case of an over voltage
(sensed at the FB pin), the internal power switch is turned off. The LM3405 regulator also has a built-in
thermal shutdown (with hysteresis) that also turns off the internal power switch if the die temperature
exceeds a typical value of 165°C.
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Figure 1. Typical Application Circuit
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PWM Dimming Using the EN/DIM Pin
The LEDs can be dimmed by applying a PWM-logic signal to the EN/DIM pin of the LM3405 driver as
shown in Figure 2.
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Figure 2. PWM Dimming of LEDs by Applying a PWM Signal to the EN/DIM Pin

A logic high at V_PWM enables the IC, and a logic low disables the IC. In this manner, the LED current is
turned on and off. In order to eliminate flicker, the lowest PWM-dimming frequency is normally chosen to
be above 100 Hz. The upper end of the PWM frequency is determined by the turn-on delay of the
LM3405. If the V_PWM signal has an ON-time of TON and a period of TPER, the average IF is given
approximately by Equation 2. Note that the delay in enabling and disabling the IC is not included in
Equation 2. Typically the time delay from the instant where EN/DIM = 1 to the instant where IF is fully
established is approximately 100 μs (see Figure 4).
IF (average) =

205 mV x TON
TPER
R1

(2)

The average LED current is therefore controlled by TON, TPER, or both and is perceived by the eye as a
brightness change. Figure 3 shows the measured average LED current for varying duty cycles and
frequencies.
The startup delay of the LM3405 device is shown in Figure 4 for an LED-current setting of 1A. This is the
delay from the instant when EN/DIM=1 to the instant when IF settles to 900 mA (90% of the set LED
current).

SNVA247A – January 2008 – Revised April 2013
Submit Documentation Feedback

AN-1644 Powering and Dimming High-Brightness LEDs with the LM3405
Constant-Current Buck Regulator

Copyright © 2008–2013, Texas Instruments Incorporated

3

PWM Dimming Using the EN/DIM Pin

www.ti.com

AVERAGE LED CURRENT (mA)

1000
900
IF set at 1A

800

2 kHz

700

1 kHz

600

500 Hz

500
400

100 Hz
5 kHz

300
200
100
0

0

10 20 30 40 50 60 70 80 90 100

PWM DIMMING DUTY CYCLE D DIM (%)

Figure 3. Average LED Current versus Duty Cycle and
Frequency of V_PWM at the EN/DIM Pin
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Figure 4. Startup Response of the LM3405 to an
EN/DIM Signal with IF Set at 1A
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Deriving a Self-Biased Boost Voltage When Driving Two or More LEDs in Series
In a typical application where two or more LEDs are driven in a single string, the boost voltage is derived
from a separate, external low-voltage source so as to meet the (VBOOST-VSW) voltage requirement. This
is because when powering two or more LEDs in series, VIN will be greater than 5V and therefore VIN
cannot be used to provide VBOOST. In this case, VOUT will also be high and cannot be used to derive
VBOOST.
Figure 5 shows another approach for deriving a self-biased boost voltage from the LED string itself without
the need for generating a separate low-voltage supply.
The anode of the boost diode D2 is connected to the anode of LED3. The voltage at the anode of LED3 is
approximately equal to 205 mV plus the forward voltage VF of LED3. This voltage is approximately in the
range of 3V to 4V (depending on the IF3 current setting) and meets the BOOST to SW voltage
requirement. It must be noted that the current through LED1 and LED2 will be slightly larger than the
current in LED3 due to the fact that the average charging current for the boost capacitor C3 will now be
provided through LED1 and LED2. Therefore, the LED currents are:
205 mV
R1

IF3 =

IF1 = IF2 = IF3 + IC3

where
•
•

IF1, IF2, and IF3 are the currents in LED1, LED2, and LED3, respectively
IC3 is the average current charging C3 over one switching cycle.

(3)

This approach can be used if exact current matching (and hence brightness) is not required between IF1
and IF3 or between IF2 and IF3.
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Figure 5. Deriving a Self-Biased Boost Voltage from the LED String
when Driving Two or More LEDs in Series
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Driving Multiple LED Strings with the LM3405 LED Driver
The LM3405 LED driver can be used to drive multiple LED strings in parallel as shown in Figure 6. The
current in the primary branch (with LED1 and LED2) will be tightly regulated by the feedback loop.
The current in the secondary branch (with LED3) will be regulated based on VOUT, forward voltage of
LED3, and R2. The value of R2 can be adjusted to get the desired brightness for LED3.
205 mV
= IPRIMARY
R1

IF1 = IF2 =

205 mV + VF1 + VF2 ± VF3
= ISECONDARY
R2

IF3 =

where
•
•
•
•
•

VF1 and VF2 are the respective forward voltages of LED1 and LED2 at the primary current level
VF3 is the forward voltage of LED3 at the secondary current level
IF1 is the current in LED1
IF2 is the current in LED2
IF3 is the current in LED3

(4)

In Figure 6, VBST can be connected to an external DC source of 3V to 5V. VBST can also be derived
from the cathode of LED3.
If VBST is derived from the cathode of LED3, this VBST can be written as (assuming
VF1 = VF2 = VF3 = VF = 3.8V):
VBST = 205 mV + VF1 + VF2 - VF3 ≅ 205 mV + VF ≅ 4V

(5)

Note that the average current through LED3 will now be higher since the average current to charge C3 is
supplied through LED3 as discussed in the previous section.
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Figure 6. Driving Multiple LED Strings
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Driving Parallel LEDs with the LM3405 LED Driver
Multiple LEDs can be paralleled and connected between VOUT and FB as shown in Figure 7.
The voltage at the FB pin is regulated to 205 mV by the control loop and therefore the current in R1 is
fixed. VOUT is determined by the LED with the highest forward voltage. This solution has the advantage of
having a single resistor set the total currents in the LEDs but has no control of equal current sharing
between the LEDs.
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Figure 7. Driving Multiple LEDs in Parallel
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Conclusion
This application report describes a few application solutions using the LM3405 buck regulator. These
solutions provide the user with highly-compact, driving and dimming solutions for high-brightness LEDs.
For a detailed description of operation and component design guidelines, see LM3405A datasheet
(SNVS508).
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complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
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TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
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TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
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TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
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third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
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voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
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requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
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which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
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TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
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