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Simple Low-Voltage High-Brightness (HB)-LED
Solution for Li+ Battery-Operated Systems

By: Keith Welsh, Senior Member of the Technical Staff
Apr 11, 2012

Abstract: High-brightness (HB) LEDs are a good solution for battery backup lighting applications, most notably
emergency lighting. However, it can be a challenge to combine highly efficient LED light sources with high-
capacity, single-cell Li+ batteries. This application note presents a practical solution using the MAX16834 HB
LED driver to power a series of HB LEDs from a low-voltage source.

A similar version of this article appeared in the March 2012 issue of Electronics magazine.

Overview

High-brightness (HB) LEDs are now available for a wide range of lighting applications. The light output, often
referred to as "luminous efficacy” and measured as lumens output per watt consumed, now exceeds that of
even fluorescent lighting systems. Reliability and intrinsically safe operating voltages make HB LEDs a good
solution for battery backup lighting systems like those found in emergency lighting.

With the advances in LED devices have also come improvements in battery technology. Energy densities for
the highest capacity lithium-ion (Li+) cells now exceed ~750kJ/kg. Nickel manganese hydride (NiMH) cells have
lower energy density at around 200kJ/kg. (For comparison, note that petrol is about 44MJ/kg.) A single-cell Li+
battery has a terminal voltage of around 3.7V. Consequently, unless multiple cells are placed in series, which
introduces design challenges such as power sharing, a user will often prefer to work with a single-cell solution.

The challenge today is to marry highly-efficient LED light sources with high-capacity, single-cell Li+ batteries
where the available supply voltage is only 3V to 4V. This application note presents a practical solution using the
Maxim MAX16834 HB LED driver to power a series of HB LEDs from a low-voltage source.

Successive Boosts of the Supply and LED String Voltages Are
Inefficient

Consider the common topology of a boost configuration such as the standard MAX16834 HB LED driver
evaluation (EV) kit, the MAX16834EVKIT (Figure 1).
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Figure 1. Common boost configuration for an HB LED driver.

To provide sufficient gate-drive voltage to the switching MOSFETSs, the MAX16834 requires an operating
voltage of at least 4.5V to bring the FETs into good conduction. This is not an uncommon requirement for an
HB LED driver operating in a boost mode using n-channel FETS.

A power supply derived from a single Li+ cell could be as low as 3V, so the drive to the FETs and other
supplies in the circuit would be insufficient for proper operation. Therefore, if the battery supply voltage could be
boosted to a higher value, the device can operate correctly.

Boosting the battery supply once for the controller and then again for correct current control to the LED string
has serious, negative consequences for power consumption and, therefore, battery life. This is because the
overall efficiency is the product of the efficiencies of each stage. Or restated more precisely, 70% efficiency to
boost followed by 70% efficiency in control would only give ~50% efficiency overall.

The solution described here uses a low-cost, low-power boost converter to provide a constant 5V supply to the
HB LED driver in the EV kit. Meanwhile, the raw battery power is supplied directly to the FET boost converter
stage. This way the battery power is boosted only once to power the LED string.

Boost Converter Powers LED String and FET Simultaneously

The MAX16834 is a highly versatile HB LED driver that offers dimming by both analog and pulse-width-
modulation (PWM) control. It operates in boost, buck-boost, SEPIC, and high-side buck topologies. In addition
to driving an n-channel power MOSFET switch controlled by the switching controller, it also drives an n-channel
PWM dimming switch to achieve LED PWM dimming. It integrates all the building blocks necessary to
implement a fixed-frequency HB LED driver with wide-range dimming control.

Some modifications to the MAX16834EVKIT were necessary. The MAX8815A boost converter was used in this

design. Its EV kit is set to provide a 5V output by default, so there was no need for modification from the
standard circuit (Figure 2).

Page 2 of 7


http://www.maximintegrated.com/MAX8815A

L1
1.2pH

1.2V TO 5.5V
INE_o) T Hanrr w2
8,10 SV, UP TO 1A

ciB
pouT |15 @ @) ouT
GND U1 T com
IM R3 % GMND
. I MAXES15A 1000 v

ON ON outsf— _,
13
1 gu.ipF
~ N &
4 FB
8leyion 5
Uz 20—2{SKIPB  roz:  GNDP—

Figure 2. The MAX8815AEVKIT provides a 5V output needed for the application, so the circuit was not
modified.

Solution Setup

The whole circuit was used to drive currents up to 1A into a series string of 6 Seoul Semiconductor P7 LEDs.
While the LEDs are capable of much higher currents than those used in this example, the standard MAX16834
EV kit drives up to 1A which was sufficient for this analysis. Figure 3 shows the configuration for the HB LED
driver and the boost converter.
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Figure 3. MAX16834 HB LED driver and the MAX8815A boost converter.

To eliminate the effects of voltage change or impedance increase during battery discharge, a high-current, low-
voltage power supply was used instead of the battery. This kept the input voltage near constant as the current
drive to the LEDs was changed to vary the system load.

The input and output currents and voltages were measured to provide data on the performance of the system at
a 5V, 4V, and 3V supply which simulated the range of voltages expected with a single Li+ cell. Measuring the
input and output currents would require separate calibrated digital voltmeters (DVMSs), but there was an
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alternative approach. The input current was measured using the EV kit for a MAX9938 current-sense amplifier
with a very low ohmic-value shunt to minimize measurement errors due to the shunt. The standard shunt is a
50mQ, 4-terminal resistor, but this was bypassed with six 100mQ resistors to give a 12.5mQ shunt (Figure 4).
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Figure 4. The MAX9938EV standard shunt is a 50mQ, 4-terminal resistor (R1). R1 was bypassed with six
100mQ resistors to give a 12.5mQ shunt.

The transfer ratio, therefore, for the EV kit went from 2.5V per amp to 625mV per amp. Now the voltage output
could be measured with the same DVM used for all measurements throughout the analysis.

The output current was determined by measuring the voltage across the 0.1Q series resistor on the output of
the EV kit using the same digital volt meter (DVM). This approach ensured that all current and voltage readings
were made by measurement of voltage alone. Use of the same DVM for all measurements essentially nullified
any calibration errors in the test gear. The system is shown in Figure 5.
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Figure 5. System block diagram.

The results of the voltage measurements taken were entered into an Excel® spreadsheet to calculate the
input/output currents and the input/output voltage measurements. Graphs of system efficiency for the three
supply voltages were drawn (Table 1 and Figure 6).

Table 1. Results of the Performance Tests

Measurements at 5V (nom)

ViN 498 497 4.94 4.93 4.91 4.89 4.86 4.83 4.81
Vourt 491 1627 167 16.89  16.98 1698 1701  17.85  17.99
i(r:]“(r/':“;m 004  0.50 1.03 1.47 1.97 2.44 3.05 3.36 3.79
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Current

0 0.13 0.28 0.41 0.54 0.67 0.82 0.86 0.95
out (A)
'(DV‘\)I‘)"’er " 017 250 5.07 7.24 0.67 11.93 1482 1623 1824
Power 0 2.18 471 6.91 9.24 1133 1391 1542  17.13
out (W)
(EOZ')C'E“CV 0 87.04 9281 9540 9552 9492  93.88 9503  93.90
Measurements at 4V (nom)
VIN 402 4 3.97 3.96 3.94 3.92 3.89 3.88 3.85
Vourt 395  16.1 16.65  16.89  17.14 1736 1756  17.74  17.88
i(r:]“(rgm 0.03 050 1.08 1.45 1.91 2.44 3.21 3.38 4.08
Current 000 011 0.24 0.32 0.42 0.52 0.66 0.69 0.80
out (A)
R/‘\)/‘)"’er " 013  1.98 4.27 5.75 7.53 9.55 1250 1310  15.71
Power 000 174 4.01 5.47 7.22 9.10 1159 1215  14.32
out (W)
(Eog')c'ency 000 87.64 9401 9512 9579 9529 9273 9277  91.18
Measurements at 3V (nom)
ViN 301 2.99 2976 2957 294 2924 2885  2.867
Vour 205  16.07 1645 1673  16.86  17.11  17.37  17.45
Current 0.03 056 1.02 1.52 1.96 2.40 3.46 3.88
in (A)
Current 0.00  0.09 0.17 0.25 0.31 0.38 0.51 0.57
out (A)
K/‘\’/‘)’V‘” n 010  1.66 3.02 4.49 5.77 7.02 0.98 11.11
Power 000  1.43 2.75 4.22 5.28 6.42 8.84 0.86
out (W)
(EOZ')C'e“CV 000 8591  90.86  93.80 9150  91.37 8855  88.70
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Figure 6. Performance data for the MAX16834 HB LED driver with three voltage supplies.

The measurements were taken with loads increasing from zero (all LEDs extinguished) to full load capability of
the EV kit (up to approximately 1A on the LED string). The data shows that at lower voltages the power
delivered to the output was reduced. This was because the input current to the system was limited to about 4A
by the input power supply. This sort of limit might be typical of a battery source as well.

Conclusion

With a few minor modifications to the circuit, the challenges of driving a string of HB LEDs are met with the
MAX16834. The overall power conversion efficiency was maintained around or above 90% even with battery
supplies as low as 3V. Engineers can now use the latest technology, high-capacity Li+ cells to provide lighting
for applications that used to require multiple stages of power conversion that, by itself, provided poor system
efficiency and reduced battery life.

Excel is a registered trademark of Microsoft Corporation.

Related Parts

MAX16834 High-Power LED Driver with Integrated High-Side LED Free Samples
Current Sense and PWM Dimming MOSFET Driver

MAX16834EVKIT Evaluation Kit for the MAX16834

MAX8815A 1A, 97% Efficiency, 30pA Quiescent Current, Step-Up Free Samples
Converter with True Shutdown

MAX8815AEVKIT Evaluation Kit for the MAX8815A

MAX9938 1pA, 4-Bump UCSP/SOT23, Precision Current-Sense Free Samples
Amplifier
MAX9938EVKIT Evaluation Kit for the MAX9938
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More Information

For Technical Support: http://www.maximintegrated.com/support

For Samples: http://www.maximintegrated.com/samples

Other Questions and Comments: http://www.maximintegrated.com/contact

Application Note 5287: http://www.maximintegrated.com/an5287
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