
Designers of dc/dc switching
power converters face the chal-

lenge of controlling EMI (electromag-
netic-interference) emissions pro-
duced during normal operation. If large
enough, these emissions conduct
through power lines or radiate to other
assemblies within a system and can
compromise a system’s performance.
Emission peaks typically occur at the
converter’s fundamental switching fre-
quency and gradually reduce in ampli-
tude at each higher order harmonic,
with most of the emitted energy con-
fining itself to the fundamental and
lower order harmonics. Modulating, or
dithering, the power converter’s oper-
ating frequency can reduce the peak
emissions by spreading EMI over a band
of frequencies.

Most modern PWM controllers use
an external resistor to set the operating
frequency, which typically increases
with decreasing resistor values. For

example, the LM5020’s internal oscil-
lator delivers a regulated 2V at its pro-
gramming pin (RT), and a program-
ming resistor connected to RT sets the
current that RT delivers. The oscilla-
tor also delivers a proportional current
into an internal timing capacitor
(Reference 1). The period of the tim-
ing capacitor’s ramping voltage deter-
mines the oscillator’s frequency.

The external dithering circuit in Fig-
ure 1 comprises a simple stand-alone
comparator-based oscillator config-
ured to operate at approximately 800
Hz. The output state of comparator IC2
goes high upon power-up. R1, R2, and
R3 set the comparator’s positive input,
which initially rests at 2.9V. The volt-
age at capacitor C3 ramps up toward the
positive threshold.

When the voltage at the compara-
tor’s negative input reaches the posi-
tive-threshold voltage, the compara-
tor’s output switches low, which also

lowers the threshold at the compara-
tor’s positive input to 2.1V. The volt-
age at capacitor C3 then ramps down
toward the new threshold, and, when
it reaches the lower threshold voltage,
the cycle repeats. The voltage across C3
approximates a triangular wave with a
minimum voltage of 2.1V and a maxi-
mum of 2.9V.

To dither the LM5020 controller’s
PWM-oscillator base frequency, the tri-
angular wave generated by IC2 modu-
lates the current from the controller’s
RT pin. Resistor R5 sets the percentage
of modulation dither. The right side of
R5 is fixed at the RT pin’s regulated
potential of 2V, and the low-frequency
triangle wave coupled from IC2
through capacitor C2 drives R5’s left
side. For R5 with a value of 64.9 k�, the
peak-to-peak current through resistor
R5 is approximately 12 �A. With the
dither circuit disconnected, the steady-
state current that RT sources is approx-
imately 121 �A, and the 12-�A p-p
dither current thus represents 10% total
modulation. 

An LM5020-controlled PWM fly-
back dc/dc converter, IC1, evaluates the
dither circuit’s effectiveness. The cir-
cuit’s fundamental operating frequency
is 250 kHz, which the controller’s RT
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Figure 1 A low-frequency triangular-wave oscillator modulates a PWM con-
troller’s oscillator frequency.
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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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LM5020 data sheet, National

Semiconductor, www.national.com/
pf/LM/LM5020.html#Datasheet.
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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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