igure 1

Simple circuit provides power sequencing

John Betten, Texas Instruments, Dallas, TX

multiple supply voltages with re-

strictions on their start-up sequenc-
ing. Often, I/O voltages, which usually
have the highest voltage, must come up
first, followed by all other voltage rails in
a high-to-low order, with the core voltage
last. This scenario may also require that
one supply rail not exceed another by
more than a diode drop; otherwise, ex-
cessive current may flow backward from
the I/O voltage through the IC into a low-
er voltage, possibly damaging the expen-
sive IC. Often, you can control this se-
quence by placing external diodes
between successive voltage rails to clamp
a higher voltage to within a diode drop of
a lower voltage, thus preventing possible
latch-up in the IC. The diode conducts
only when a lower voltage rises above a
higher one at turn-on, but not if a high-
er voltage were to increase above any low-
er voltage, because the diode is reverse-
biased. A preferred method would be to

ASICS, FPGAs, aND DSPs can require

use the power-supply controller to pre- -

cisely control the start-up-voltage se-
quencing of the power-supply rails. Fig-

ure 1 shows a simple op-amp circuit that
integrates a dual switching power supply
to provide simultaneous output-voltage
sequencing.

In this power-sequencing circuit, three
output voltages sequence at start-up, dur-
ing which each output voltage tracks the
next-higher voltage rail until it reaches its
fixed regulation voltage. Assume that a
3.3V “master”-1/O voltage (not shown)
powers up normally. The controller for
this voltage uses its soft-start function to
provide a smooth linear ramping of its
voltage. The TPS5120 dual switching reg-
ulator generates two additional voltages,
2.5 and 1.8V.In most standard switching-
regulator circuits, the bottom sides of R,
and R ; would be grounded, thus fixing
the output-voltage setpoints. In this cir-
cuit, the output of an amplifier controls
the voltage at the bottom of each of these
resistors. An amplifier output voltage of
zero sets the output voltage to its prede-
termined fixed voltage, but any voltage
greater than zero forces the output volt-
age to be lower than its setpoint.

The amplifiers are in an inverting con-

figuration with the next-higher output
voltage as its input or “sense” voltage.
Thus, at power-on, when the 3.3V output
is 0V, amplifier IC’s output voltage is
high, also forcing the TPS5120 controller
to regulate its output voltage to 0V. The
output voltage of amplifier IC, is also
high, because the 2.5V output, which is
also OV, controls input voltage. As the
3.3V output rises linearly, the amplifier’s
output voltage decreases linearly to OV.
The 2.5V output voltage thus increases
from 0OV to its maximum setpoint of
2.5V. The 1.8V output voltage tracks the
2.5V output in a similar manner. Set the
amplifier’s component values such that
when the sensing voltage, such as the
3.3V, reaches the tracking-voltage level—
here, 2.5V—the amplifier’s output volt-
age just attains OV. Therefore, increases in
the sense voltage higher than 2.5V can-
not further raise the tracking output volt-
age, because the amplifier’s output volt-
age has already saturated to ground level.

Simultaneous tracking requires sever-
al important design criteria. The ampli-
fier’s feedback ratio, R,-R , must be equal
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An amplifier circuit forces the converter’s output voltages to track during start-up.
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to the feedback-resistor divider » 1 herently faster at start-up than
ratio set by R and R. In addi- t the 3.3V sense voltage, A large
tion, you must use the TPS5120 soft-start capacitor value does
controller’s reference voltage, ‘ not allow for fast tracking on
0.85V in this exam- r i the outputs. Too small a value
ple, as an input to the Figure 2 1 may cause output-voltage
amplifier’s noninverting termi- . ) .tl " . overshoot when you initialize
nal. Any reference-voltage val- | - power. Figure 2 shows the
ue other than this one forces the | start-up voltages for three syn-
tracking-voltage output to a . ' chronous buck converters. The
voltage different from the sense - 3.3V acts as a master, and 2.5
voltage. The amplifier you se- I and 1.8V track their respective
lect should have a low input- : higher voltages. You can set the
offset voltage and be capable of : _ sense voltage for the 1.8V out-
an output voltage at least as ORI T T zbomsecA F 102V put to track the 3.3V output
great as the controller’s refer- chg. T GBI E0% rather than the 2.5V with
ence voltage. - equally good linear tracking

A rail-to-rail amplifier works | The 2.5 and 1.8V outputs track the 3.3V output at start-up. during start-up. You can add

well in this application. Indi-

vidual amplifiers to allow localized com-
ponent placement, avoiding routing near
any noise sources. This design uses an ad-
ditional decoupling capacitor near the
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Samples at www.intersil.com/xicorsamples

amplifier’s noninverting input for the
reference voltage. It uses a small, soft-
start capacitor value for the TPS5120
controller so that the controller was in-
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this sequencing circuit to any
power-supply controller that provides
access to its reference voltage, soft-start
capacitors, and output-voltage resistor-
divider network.r1
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