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Add an auxi

John Betten, Texas Instruments, Dallas, TX

OU OFTEN NEED more
than one regulated
output volt-

age in a system.
A frequently used and rea-

Figure 1

Vin O—————

sonably simple way to cre-
ate this auxiliary output
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voltage is to add a second
winding to the output in-
ductor, creating a coupled
inductor or a transformer,
followed by a diode to rec-
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jary voltage to a buck regulator

resents a voltage-error term
between FETs Q, and Q,. To
cancel out the error attribut-
able to the FET voltage drops,
you need to make the voltage
drop of FET Q, equal to
V,=V, X(NJ/N,), where
N(/N, is the transformer’s
turns ratio. Because these
FET voltages are a function
of the output currents and
the on-resistance of the FETS,
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tify (peak-detect) this out-
put voltage. The biggest
drawback of this approach is that the
diode’s voltage drop varies with temper-
ature and load current and can have a 2-
to-1 variation, resulting in poor output-
voltage regulation. This problem be-
comes more critical as output voltages
decrease and may require the addition of
a linear regulator. The circuit shown in
Figure 1 is an alternative approach that
replaces this diode with Q,, @ p-channel
FET. The circuit works as follows:
During the conduction time of FET Q,
the voltage across the primary winding of
transformer T, clamps to the voltage,
VourT Ve where Vs the voltage drop
across FET Q,. Through transformer ac-
tion, the voltage on the secondary wind-
ing of inductor L, is equal to the turns ra-
tio between the windings times the

This synchronous buck converter has an auxiliary-output winding.

voltage across the primary winding. The
output capacitor on the auxiliary output,
V,,» then charges to the peak of the sec-
ondary-winding voltage. FET Q, turns off
when Q, turns back on to prevent the out-
put capacitor from discharging. The sec-
ondary voltage floats; you can add it to the
main output voltage by tying one end of
the secondary winding to the main out-
put. You can also tie it to ground for an
output voltage lower than V, if desired.
The equation that defines the auxiliary-
output voltage for the circuit in Figure 1
is:
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The second half of this equation rep-
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This circuit is similar to the one in Figure 1, but uses an integrated buck-converter I1C.
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you can select the on-resist-
ance of FET Q, by using the
following equation:

N
R, =RQ1XN—5><

P
[(1 —d)(l +I.¥l]>d x&] , where d = Vo .
To Np Vin

In Figure 2, the main output voltage is
3.3V, yielding an inductor primary volt-
age when Q, is conducting equal to only
3.44V, because of the low voltage drop
across FET Q,. Thus, if you wanted a 5V
output, the secondary winding would
need to develop an additional 1.7V, ne-
cessitating a 2-to-1 step-down turns ra-
tio. The desired on-resistance of the FET
internal to IC, from the above equation
should be 0.16Q) to cancel the voltage
drop across Q, at maximum loads and
while operating from a 5V input voltage,
This example uses a 0.20€) FET with a
voltage drop equal to only 88 mV. This
choice allows for good voltage matching
between FETs Q, and the FET internal to
IC,, resulting in excellent error cancella-
tion, less power loss, and better overall
output-voltage regulation than diode
rectification provide. An added benefit of
this approach is that you can use it with
controllers that have integrated switch-~
ing FETs, because you don’t need access
to Q, and Q, gate drives. Measured re-
sults, although varying both outputs’
loads over their full operational range,
showed less than a =3% variation in the

Is this the best Design Idea in this
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placing the input capacitor between V|
and V;,, is equivalent to placing it be-
tween the IC’s V and ground pins (Fig-
ure 1). The other, commonly accepted
method of placing the bulk input capac-
itor between 'V, and ground (Fig- Fi
ure 2) significantly increases the
output-voltage ripple (figures 3 and 4).
To make matters worse, this configura-
tion requires an additional high-fre-
quency bypass capacitor between the V,
and ground pins of the IC.

In simple positive-to-negative con-
verters, such as those in figures 1 and 2,
the output-voltage ripple is

Av OUT(P-17) ESR( OUT XAICOLT pP-p)°

Low-ESR output capacitors, such as
ceramics, help to minimize the output-
voltage ripple in de/dc converters. For a
given output-capacitor ESR, you can fur-
ther reduce the output-voltage ripple by
minimizing the current ripple that the
output capacitor is forced to absorb. In
Figure 2, 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 1,
the peak-to-peak ripple current in the
output capacitor is equal to the peak-to-
peak ripple current in the inductor:
Algom P-P) AIL(P P) _(V X duty cy-
clc)/(fs“,XL) where AI(OLl s, —output
ripple current, Al ;. mductor ripple
current, and f \—sw1tching frequency.

When the bulk input capacitor is
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This -+5-to-—5V converter with the bulk capacitor between V, and ground has much higher output
ripple than the circuit in Figure 1. The high-di/dt path, indicated here with blue lines, includes the

output capacitor, thus increasing output ripple.

placed as shown in Figure 2, the peak-to-
peak ripple current in the output capac-
itor is much higher than the inductor’s
ripple current alone; it is almost equal to
the inductor’s ripple current plus the in-
put capacitor’s ripple current:
Al =T oy =Tour I AL /2, and
I(,OL‘I (P-P) - IL(I’—I’)+ I( JIN(P-P)” W lth
much lower output-capacitor r 1pple cur-
rent, the output capacitor in the circuit
in Figure 1 can be much smaller than
that of the circuit in Figure 2. Also, it
needs to handle much less rms ripple
current (approximately equal to peak-to-
peak ripple current divided by the square
root of 12). Another advantage of re-

OUT L{P-P)
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moving the output capacitor from the
high-di/dt switching loop (by judicious
placement of the input capacitor) is a
greatly simplified layout. You must place
the high-di/dt components in Figure 1 in
the smallest loop possible to minimize
trace inductance and the resulting volt-
age (noise) spikes. With one fewer com-
ponent to worry about in the layout, you
can more easily create a noise-free circuit
using the layout in Figure 1 than it is us-
ing the one in Figure 2.

Is this the best Design Idea in this
issue? Select at www.edn.com.
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Fi F In the circuit in Figure 2, the output capacitor’s
i In the circuit in Figure 1, the output capacitor's gure peak-to-peak current ripple is five times as high as
igure 3

peak-to-peak current ripple is equal to the induc-

the inductor’s peak-to-peak ripple and, therefore, five times as high
| tor's peak-to-peak ripple with 1A output.

as the current ripple shown in Figure 3 with 1A output.
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Figure 3 isan I/O and core-voltage-se-
quencing circuit. Instead of using an RC
charge voltage to control the turn-on, IC,
of the core regulator compares the out-
put of the I/O during turn-on and
matches the core voltage until it reaches
the regulation voltage. Figure 4 shows

the 1/0 and core voltages during the
power-on cycle. Equally important s the
power-down cycle. The I/0 voltage must
never reach 0.6V below the core voltage.
This condition can forward-bias the sub-
strate diode, damaging the processor. D,
a Schottky diode with a forward voltage

drop of 0.4V, keeps the 1/O voltage from
dropping 0.6V below the core voltage
during the power-down cycle (Figure 5).

Is this the best Design Idea in this
issue? Select at www.edn.com.
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gure 4 Figure 5
The I/0 and core voltages have controlled rise times during the power- A Schottky diode keeps the /O voltage from dropping 0.6V below the
on phase. core voltage.
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