
Most current microcontrollers
offer I/O ports that can change

their functions during program execu-
tion. As outputs, the circuits can sink
and source reasonably large amounts of
current. This Design Idea shows three
alternative methods for driving a two-
pin, two-color LED from a single I/O
pin. Figure 1 illustrates one possible
approach that uses external inverter IC1
to drive D1, a red/green bidirectional
LED. A logic-high output on the port
pin forces current through the green
(upper) LED and pulls the inverter’s
input high, which drives the inverter’s
output low and sinks current from the
green LED. A logic-low output on the
port pin raises the inverter’s output
high, delivering current to the red
(lower) LED; the microcontroller’s out-
put sinks current from the red LED.

To turn off both LEDs, you reconfig-
ure the microcontroller’s port pin from
output to input or switch the pin to tri-
state mode, either of which prevents
the microcontroller’s port pin from

sourcing or sinking current. This cir-
cuit’s primary disadvantage is that it
yields no control over each LED’s
brightness; instead, resistor R5 deter-
mines forward current for both LEDs.

Figure 2 presents an approach that
also involves a major disadvantage.
Zener diodes D3 and D4 and resistors R3
and R4 form a low-impedance voltage
divider that applies VCC/2V to one end
of LED D5. The value of VCC drives the
selection of the zener diodes’ voltage,
VZ, with lower voltage zener diodes
allowing more LED current and high-
er voltage ones limiting maximum LED
current. Given that the microcon-
troller’s outputs can deliver rail-to-rail
voltages, the difference between VCC
and VZ limits maximum forward cur-
rent for both LEDs. For example, if VCC
is 5V and VZ is 3V, the forward voltage
across either LED is less than 2V. Once
a designer selects the zener-diode volt-
age, only small variations in VCC can
occur; otherwise, the LEDs’ brightness
would fluctuate.

Using discrete components, another
circuit offers an inexpensive approach
that avoids the other circuits’ disad-
vantages (Figure 3). When the micro-
controller’s output port goes high, cur-
rent flows through the green (upper)
LED, R2, D2, and FET Q2, which the
port’s high level turns on. When the
microcontroller’s output port goes low,
transistor Q1 turns on and delivers cur-
rent to the port pin through R2 and the
red (lower) LED. The circuit operates
symmetrically because silicon diode
D2’s forward-voltage drop is present

resistor sets. The red trace of Figure 2
shows the conducted emissions on the
circuit’s positive input-power line
without the dither circuit in operation.
The peak emissions are narrowly con-
fined around the fundamental oscilla-
tor frequency of 250 kHz with a meas-
ured amplitude at the fundamental fre-
quency of �24 dB.

Connecting the dither circuit to the
controller’s RT input produces the blue
trace of Figure 2. Conducted emissions
around the fundamental frequency now
disperse around the fundamental fre-
quency with maximum amplitude re-
duced by �34 to �10 dB.EDN
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Figure 1 An inverter can drive a
bidirectional, two-color LED but
applies the same amount of cur-
rent to both LEDs.
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Figure 2 Measured at the dc/dc converter’s input, peak conducted emissions
without dither (red trace) decrease by 10 dB with dithering applied (blue trace).
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Recently announced versions 
of integrated step-down dc/dc

converters have eliminated the re-
quirement for a high-side current-sense
resistor by sampling the voltage drop
across an external, low-side, MOSFET
synchronous rectifier. This topology
eliminates the sense resistor’s cost and
pc-board-space requirement and also
provides a modest increase in circuit
efficiency. However, the MOSFET’s
highly temperature-dependent on-
resistance dominates the current-
limit value. Fortunately, certain newer
dc/dc converters, such as Maxim’s
MAX1714, allow external adjustment

of the current-limit threshold. The cir-
cuit in Figure 1 shows how a thermis-
tor applies temperature compensation
to the circuit’s output-current limit.

The MAX1714’s linear current-
limit (ILIM) input range at Pin 6 of IC1
spans 0.5 to 2V, which corresponds to
current-limit thresholds of 50 to 200
mV, respectively. For the default cur-
rent-limit setting, 100 mV, the circuit
imposes a 7.5A current limit at 25�C.
However, Figure 2 shows that the cur-
rent limit varies from 9A at �40�C 
to 6A at 85�C. To design the tempera-
ture-compensation network, begin by
breadboarding the circuit and using an

external power supply to vary the
MAX1714’s current-limit input volt-
age such that the output-current-limit
value remains constant. You repeat the

regardless of whether the microcon-
troller’s port pin goes high or low. VCC
may vary during operation but must
remain higher than 3V.

You can individually adjust the LEDs’
currents to equalize brightness or com-
pensate for a difference between the
microcontroller’s power-supply voltage

and the LED-driver circuit’s VCC.
Replace R2 with two resistors connect-
ed in series between Q1’s emitter and
D2’s anode. Connect the midpoint of
the two resistors to the LEDs.

With the microcontroller’s port pin
configured as an “input with pullup,”
the port delivers a small current to the
green LED. However, pullup-resistor

values of 22 k� or higher do not cause
misleading light output from LEDs in
the off-state. When the input signal
from the port pin floats—that is, with
VCC at 5V and the port configured as
an input with no pullup resistor—the
circuit draws no additional current, and
the quiescent current, which R1 deter-
mines, averages less than 100 �A.EDN
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Figure 1 A thermistor-resistor net-
work provides temperature com-
pensation for a dc/dc converter’s
current-limit input, ILIM.
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Figure 3 This circuit provides immunity to supply-voltage fluctuations and more
uniform LED brightness.

Figure 2 A zener-diode and resistor-
voltage divider exhibits sensitivity 
to supply-voltage variations and
allows LED brightness to vary.
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