ALY DESIGN IDEAS

Lower the Output Voltage Ripple of
Positive-to-Negative DC/DC
Converters with Optimum Capacitor

Hook-Up

Low ripple voltage positive-to-nega-
tive DC/DC converters are used in
many of today’s high frequency and
noise sensitive disc drives, battery
powered devices, portable comput-
ers, and automotive applications. A
positive-to-negative converter can
have very low output ripple voltage
(similar to a typical buck converter)
as long as the bulk input capacitor is
placed between Viy and Vgyr, as op-
posed to placing it between Viy and
ground. There is a common miscon-
ception that positive-to-negative
converters in the former configura-
tion have noisy outputs, but this
configuration actually solves noise
problems rather than introducing
them. In either configuration (as
shown in Figures la and 1b) the Vi
and GND pins of an LT1765 are con-
nected to Viy and Vgyr respectively.
Therefore, placing the input capaci-
tor between Vyy and Vgyris equivalent
to placing it between the LT1765’s Viy

and GND pins (as shown in Figure
la). The other, commonly accepted
method of placing the bulk input ca-
pacitor between Viy and ground (as
shown in Figure 1b) significantly in-
creases the output voltage ripple (see
Figures 2a and 2b). To make matters
worse, this configuration requires an
additional high-frequency bypass ca-
pacitor between the Vyyand GND pins
of the IC.

In simple positive-to-negative con-
verters, like those shown in Figures
la and 1b, the output voltage ripple
is:

AVoyr(p-p) = ESRcout * AlCout (p-p)

Low ESR output capacitors, such
as ceramics, help to minimize the
output voltage ripple in DC/DC con-
verters. For a given output capacitor
ESR, output voltage ripple can be
further reduced by minimizing the
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current ripple that the output capaci-
tor is forced to absorb. In Figure 1b,
the output capacitor is part of the
high dI/dt switching current path,
making the output voltage ripple pro-
portionately larger.

With the bulk input capacitor
placed as shown in Figure la, the
peak-to-peak ripple current in the
output capacitor is equal to the peak-
to-peakripple currentin the inductor,
which is designed to be relatively low
for continuous-mode operation.

Algoyt(p-p) = Al p-p) =

(Vin © Duty Cycle)/(fqy L)

where:

Algoyr(p-py = OUtput cap ripple current
Alyp_py = inductor ripple current

fsw = switching frequency

When the bulk input capacitor is
placed as shown in Figure 1b, the
peak-to-peak ripple current in the
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Figure 1a. LT1765 5V to -5V converter with bulk input cap between Viy

-1A

and Vyyy (IC GND pin) has low output ripple. The high dI/dt path,
indicated here with bold red lines, does not include the output

-1A

Figure 1b. LT1765 5V to -5V converter with the bulk cap
between Viy and ground has much higher output ripple than
the circuit in Figure 1a. The high dI/dt path, indicated here

capacitor. with bold red lines, includes the output capacitor, thus
increasing output ripple.
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Figure 2a. In the circuit shown in
Figure 1a, the output capacitor (C1)
peak-to-peak current ripple is equal to
inductor peak-to-peak ripple with 1A
output.

output capacitor is much higher than
the inductor’s ripple current alone; it
is almost equal to the inductor’s ripple
current plus the input capacitor’s
ripple current.

Algine-py = Iy = lout + lin + Alyp-p)/2
Algoyt (p-py ~ BIL(p_p) + Alginep-p)

200ns/DIV
Figure 2b. In the circuit shown in
Figure 1b, the output capacitor (C1)
peak-to-peak current ripple is five
times as high as inductor peak-to-
peak ripple (and therefore five times
as high as the current ripple shown in
Figure 2a) with 1A output.

With much lower output capacitor
ripple current, the size of the output
capacitor in the circuit shown in Fig-
ure la can be much smaller than that
of the circuit shown in 1b. Also, it
does not need to handle nearly as
much RMS ripple current (approxi-
mately equal to peak-to-peak ripple

current divided by the square root of
twelve).

Another advantage of removing the
output capacitor from the high dI/dt
switching loop (by judicious place-
ment of the input capacitor) is that
the layout is greatly simplified. The
high dI/dt components shown in
Figure 1 must be placed in the small-
est loop possible to minimize trace
inductance and the resulting voltage
(noise) spikes. With one less compo-
nent to worry about in the layout, it is
easier to create a noise-free circuit
using the layout shown in Figure la
than it is using the one shown in
Figure 1b.

Conclusion

Instead of placing the bulk input ca-
pacitor between the input supply and
ground, place it across the input and
ground pins of the step-down con-
verter IC such as the LT1765. The
result is significantly lower voltage
ripple at the output and a simpler
circuit design. 47




