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Transistor quickly wakes sleeping LDO

CHRISTOPHE BASSO, MOTOROLA SEMICONDUCTOR, TOULOUSE, FRANCE

Portable systems, such as telephone handsets,
make extensive use of low-dropout (LDO) regu-
lators. These components provide noise-sensi-
tive parts with a stable power-supply line.
When a telephone enters standby mode, most
of the circuits go to sleep by disabling the LDO’s
outputs. Operating current thus drops to a min-
imal level. When a user starts to dial a number,
the LDO receives an enable signal and immedi-
ately delivers the nominal operating voltage.
Unfortunately, most low-noise LDOs use a
bypass capacitor that briefly loads the internal
reference voltage upon wake-up. In fact, the
output exhibits a latency period before reaching
its steady-state level. With a 10-nF bypass capac-
itor, this period typically lasts 1 msec and cor-
respondingly degrades the overall response
time. The ultra-low-noise MC33263 from
Motorola (www.motorola.com) also uses a 10-
nF bypass capacitor. However, the EZCap archi-
tecture of the IC allows the use of an inexpen-
sive decoupling capacitor (ESR from 10 mV to
3V) and allows the designer to speed the wake-
up time (Figure 1).

The base of a low-cost pnp transistor con-
nects to an RC network. At power-up, C,

INPUT OUTPUT
O —0
| 6 | | 5 | 4
MC33263
Cy 1+ Lrc
1mF T T 1mF

An inexpensive transistor and two passive components drastically improve
the wake-up-response time of a linear regulator

discharges. When the control logic

sends its high-going wake-up signal, the

transistor’s base is momentarily tied to
ground. The transistor turns on and
immediately charges bypass capacitor
C, toward its nominal operating volt-
age. After a few microseconds, the pnp
turns off and becomes transparent to
the regulator. This circuit dramatically
improves the response time of the regu-
lator from 1 msec to 30 msec (Figure 2).
You need only adjust the RC time con-
stant to avoid any bypass-capacitor
overload during the wake-up transient.
Such an overload would generate an
unacceptable output overshoot. Be-
cause the transistor connects to the
bypass pin, it does not degrade the noise
performance of the LDO. (DI #2241)
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The simple circuit in Figure 1 improves the wake-up-response time of the LDO from
1 msec (upper trace) to 30 msec (lower trace).
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Circuits provide 4- to 20-mA PWM control

ToM GAY, DARMSTADT, GERMANY

The circuits in Figures 1 and 3 are use-
ful when you use 4- to 20-mA current-
loop signals to control a PWM signal. In
both circuits, the minimum pulse width
(corresponding to a 4-mA loop current)
and the maximum pulse width (corre-
sponding to a 20-mA loop current) are
independently adjustable in the dedi-
cated application with the use of one
reference voltage. Furthermore, the cir-
cuits shut down the PWM output signal
in case of a loop break. Both circuits are
low-cost; you can use any op amp that
provides an adequate slew rate to han-
dle the desired PWM frequency.

The PWM circuit in Figure 1 uses
free-running oscillation. Amplifier IC, is
a noninverting integrator that forces a
constant current, I, into C,, thus pro-
viding a constant linear slope on its out-
put, V.- When the divided fraction of
V. reaches the level of V. on the neg-
ative input of comparator IC,, the com-
parator’s output switches high. Hence,
FET Q, short-circuits divider resistor R,
and the undivided level of V,,, . under-
goes comparison with V.. R, extends
the turn-on time of Q, with respect to
Q,, such that FET Q, discharges C, with
minimum delay. The output of amplifi-
erIC,, V., then rapidly slews down to
the level of V,.

Consequently, the output of com-
parator IC, switches back to logic low,
and IC, restarts charging C,. To ensure
that IC, returns to a logic-low level, you
must generally set V_ a few millivolts
higher than V_,. The divider network,
R, R,, and R,, guarantee this setting.
You can use the output of comparator
IC, as a trigger signal for synchronizing
other circuits. Resistor R, terminates
the loop current, and comparator IC,
provides the PWM circuit’s output sig-
nal, PWM_ ., by comparing the cur-
rent-loop signal V, with V... The cir-
cuit in Figure 1 has PWM, . set to 0%
duty cycle at 4-mA loop current and
80% at 20-mA loop current (Figure 2).

The circuit in Figure 3 is a simplified,
gated version of the circuit in Figure 1,

with a synchronization input. It works the same, with one causing IC, to slew V
difference: The output of amplifier IC,,
remains at the positive supply rail for IC,. As before, FET Q
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A free-running oscillator powers a current-loop controller for PWM signals. Duty
cycle varies from 0 to 80% over the full-scale current range.
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This simplified version of the circuit in Figure 1 has a synchronization input instead
of an output.

sww down to the level of V_,. The net-
rises to and  work comprising R, R;, and C, transforms a low-to-high tran-
sition on the Sync input into a narrow gate pulse, which turns

PWM’
1

short-circuits C, with each rising edge on the Sync input, on Q, for a short time. If you connect the Sync output of the
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