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One option for driving high-
brightness LEDs uses the stan-

dard stepdown buck converter (Fig-

ure 1). The sense resistor, RS, gen-
erates a feedback voltage, VFB, that 
sets the desired LED current, ILED, ac-

cording to the equation RS�VFB/ILED. 
Unfortunately, most buck convert-
ers require a relatively high feedback 
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chip.com) PIC10F200. Because IC2 
“sleeps” between door openings and 
voltage regulator IC1 consumes lit-
tle quiescent current, the 9V alkaline 
battery that powers the circuit offers 
a projected life of approximately one 
month. When you activate the buzz-
er, it consumes approximately 2 mA, 
a drive current that’s directly available 
from the microcontroller’s output port. 
At this current level, only an unen-
cased piezoelectric element provides 
a sufficiently loud warning. In high-
noise environments, you can use a 
solid-state relay or a logic-level MOS-
FET to drive the buzzer directly from 
the 9V battery.

You can attach the normally open 
switches and their actuation magnets 
to the refrigerator or freezer using dou-
ble-sided adhesive-foam tape. The 
switches are sensitive to magnet ori-
entation and position, making it easy 
to find a mounting configuration that 
can detect a door that’s open by as lit-
tle as 2 mm. Source code for the micro-
controller is available for downloading 
from the online version of this Design 
Idea at www.edn.com/070201di1.EDN

LED drivers minimize power dissipation
Fons Janssen, Maxim Integrated Products Inc, Bilthoven, Netherlands
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Figure 1 This circuit protects the contents of a laboratory freezer or refrigerator 
by sounding an alarm when a door opens.
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Figure 2 An op amp, IC2, increases the LED-current error 
signal and reduces power dissipation in the sense resistor.
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Figure 1 A generic buck converter, IC1, provides constant-
current drive for a high-brightness LED.
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voltage on the order of 1V, which dis-
sipates high power in the sense resistor 
(PSENSE�VFB/ILED). Reducing the sense 
resistor’s value and adding an op amp 
to boost the sensed voltage reduces 
the power penalty (Figure 2). In some 
cases, you can eliminate the op amp by 
using a stable reference voltage, which 
is available on some converter ICs, to 
pull up the sense voltage (Figure 3). 

The switching converter, a Maxim 
(www.maxim-ic.com) MAX1951, re-
quires a feedback voltage of 800 mV 
and provides a 2V reference voltage 
at the reference pin. Connecting R1, 
a 50-k� resistor, between RS and VFB, 
and R2, a 100-k� resistor, between the 
reference and the feedback pins shifts 
the operating point from 200 mV at RS 
to 800 mV at the feedback pin:

Thus, for VSENSE�0.2V, V�0.8V. For 
the cost of two inexpensive resistors, 
power dissipation in the sense resistor 
diminishes by a factor of four.

Using the Luxeon K2 LED from Lu-
mileds (www.lumileds.com), power 
measurements on the circuits of fig-
ures 1 and 3 illustrate how the feed-
back adjustment influences power that 
the LED driver delivers. Two graphs il-
lustrate LED currents and voltages as 
a function of input voltage for a half-
load of 400 mA (Figure 4) and a full 
load of 800 mA (Figure 5). As you 
would expect, the current regulation 
deteriorates at half-load. The variation 
of LED current averages approximate-
ly 5 mA over an input-voltage range 
of 4 to 5.5V and 1 mA for the circuit 
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Figure 3 Adjusting the feedback signal improves the efficiency in this buck-
converter driver for high-brightness LEDs.
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Figure 4 This graph shows LED current as a function of input voltage at half-
load for the circuit of Figure 3.

INPUT VOLTAGE (V)

LED CURRENT
(A)

0.77

0.775

0.78

0.785

0.79

0.795

0.8

0.805

0.81

3.5 3.75 4 4.25 4.5 4.75 5 5.25 5.5

ADJUSTED FEEDBACK

NORMAL FEEDBACK

Figure 5 This graph shows LED current as a function of input voltage at full 
load for the circuit of Figure 3.
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with normal feedback. The input-volt-
age range, however, increases by more 
than 0.5V. Regulation also deteriorates 
for full load, and the variation increas-
es to approximately 22 mA versus 6 
mA for the circuit with normal feed-
back (Figure 6). Again, the adjusted-
feedback circuit of Figure 3 increases 
the input-voltage range.

You can define the improvement in 
efficiency, �, as follows:

The buck converter’s power-conver-
sion efficiency and power dissipated 
in the sense resistor determine the cir-
cuit’s efficiency. As Figure 5 shows, the 
adjusted feedback of Figure 3 increas-
es the efficiency more than 10% at ei-
ther half-load or full load. Assuming 
that the sense voltage doesn’t change, 
efficiency improves for lower output-
current loads because the sense resistor 
dissipates less power.EDN
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Figure 6 A comparison of a normal-feedback circuit (Figure 1) and an 
adjusted-feedback circuit (Figure 3) shows significant improvements in overall 
efficiency at half-loads and at full loads.
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AS1353/56 – Ultra-Low Dropout Regulators

Increases battery time for portable applications 
thanks to the ultra low dropout voltage.

Ideal for applications where small size and
performance are critical as in medical 
diagnostic equipment or consumer goods like 
PC cards, digital cameras, pagers, cell phones 
or other hand-held devices.
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% mA µVRMS V V µA mV

AS1353 1 ±1 150 Low Noise 30 1.5 to 3.6 2.5 to 5.5 115 60 SOT23-5

AS1356 1 ±1 150 Power-OK 110 1.5 to 3.6 2.5 to 5.5 115 60 SOT23-5
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For all things Design Ideas, including a search option, archived Design Ideas, and 
Brad Thompson’s “Designing Ideas” blog, please visit www.edn.com/designideas.
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