- e e T ——— R AT

L*

Build a charge pump
with ultralow quiescent current

Greg Sutterlin, Maxim Integrated Products, Sunnyvale, CA

ORTABLE BATTERY-powered de-
P vices often spend most of their life

in standby mode, in which the qui-
escent current of an internal boost con-
verter continuously bleeds the battery.
The quiescent current during standby
can be larger than the actual load cur-
rent. Though several inductor-based
converters offer maximum quiescent
current of less than 10 wA, designers
usually prefer or require a regulated
charge pump for cost-sensitive designs
that must be intrinsicaily safe. Off-the-
shelf regulated charge pumps with out-
put-current capabilities of at least 10
mA have typical minimum quiescent
currents of 50 to 100 wA. If that level
of quiescent current is unacceptable,
you can reduce the overall average by
adding circuitry that remotely moni-
tors the regulated voltage and toggles
the charge pump into and out of
shutdown. That approach, how-
ever, may not achieve the desirable qui-
escent-current level of less than 10 pA.
The advent of low-on-resistance analog
switches and ultralow-current com-
parators and references makes possible
a charge-pump circuit whose maximum
quiescent current is approximately 7 LA
(Figure 1).

Charge pumps use an ac-coupling
technique to transfer energy from a
transfer capacitor to a storage capacitor.
The transfer capacitor first charges via
analog switches to the level of V »and
then other analog switches transfer the
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This charge-pump circuit uses analog switches to achieve ultralow quiescent current,

energy to a storage capacitor tied to
Vour- The transfer capacitor then
charges again, and the cycle repeats.
With ideal analog switches exhibiting
zero loss, the V. level equals two times
V. AS expected, however, the analog
switches’ finite on-resistance produces
an output level that drops in proportion
to the load current. The basic regulated
charge pump in Figure 1 includes an os-
cillator, several analog switches, a volt-

age reference, and a comparator. The
comparator serves as a voltage monitor
and an oscillator. When the circuit is in
regulation, the comparator output is
low, which closes the NC (normally
closed) switches and allows C, to charge
to V... When the voltage at V, . dips
below the output-regulation thresh-
0ld—3.3V in this case—the comparator
output goes high. The NO (normally
open) switches close, transferring C’s
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charge to C,. This cycle repeats until
V ,ur regains regulation.

Resistors R, to R, provide the hys-
teresis necessary for oscillation. Their
value, 1 M{), creates a notable level of
hysteresis and minimizes V... loading.
As the comparator output changes state,
feedback resistor R, creates hysteresis by
moving the threshold you apply to the
comparator’s positive input. For the re-
sistor values shown, reference value
nominal for IC ~ (1.182V), and
Voar =3V, the V +threshold swings
between approximate values of
VT low)=0.39V and V, +(high)=
1.39V. When the circuit is in regulation,
V,— slightly exceeds V, +, the com-
parator output is low, the R -R, divider
senses the voltage at V_ , and the
threshold at V__+ is low (0.39V). With

IN
VT at 0.39V, you can calculate the R,

IN
and R, values from the equation

ViuT=Vour[R/(R + R)]. The resist-
ance of R +R, should be greater than 1
MQ to minimize V, . loading. If
Vor=3.3Vand R, is 2.2 M£), R calcu-
lates to 301 k{}. Capacitor C, connects
to the comparator’s V, ,— input. Along
with R and R,, C, sets the oscillation
frequency according to the following
simplified relationships: L SCHARGE =
tow= " (R,C)In[(V, + (LOW)/(V +
HIGH)  te 6=t = — (R,C)In
[1—(V ,+(HIGH) =V, +(LOW))/
(Vo g~ Vi HLOW) sand £ =1/t
where t0n = tow T g

To maximize efficiency and reduce
the effects of comparator slew rate, you
should set a relatively low frequency.
Choosing C,=470 pF yiclds the follow-
ing:t . =178 psec,and t, . =68 psec;
thus, f. =4 kHz.

Select the values of C and C, to
achieve the desired load current and rip-
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ple. For this application (I, ,,, =10 mA),
C,=10 pE To calculate the value of C,,
make an approximation based on the
desired ripple voltage: C,= (I, Xt ,..)/
Viene With I =10 mA and V.
=150 mV, C,=12 pE.

With these component values, the
circuit draws a maximum quiescent
current of 6.9 A and offers a consid-
erable improvement over off-the-shelf
charge pumps. You can further lower
the quiescent current by increasing the
resistor values, but that effect is mini-
mal because 1C,’s maximum quiescent
current of 3.8 wA dominates the total.
This circuit lets you implement an ul-
tralow-quiescent-current-regulated
charge pump. Until off-the-shelf op-
tions are available, it provides an alter-
native for designers seeking to imple-
ment a low-cost design without the use
of inductors.(:
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VAN DREBBEL INVENTED THE SUBMARINE IN 1620.
IMAGINE WHAT HE'D DO WITH AN 8-BIT MCU.

Centuries ago, Cornelius Van Drebbel was arguably the world’s most prolific
inventor. Tdday, unfortunately, nobody remembers his name. So we decided it
was about time to hold a contest in his honor. Here’s how it works: you design
something cool using NEC Electronics 8-bit microcontrollers with integrated
LCD drivers. If you plan to submit a hardware design, you're eligible to receive a
design kit. Then when you submit a qualified design, you'll receive a gift valued at
$1007 (e-Paper designs are eligible for a $50 gift*) Our panel of judges will select
the top three designs, which will win substantial cash prizes.

'$26,000,IN PRIZES. REGISTER AND GET A FREE DESIGN KIiT..

WWW.MADDESIGNCONTEST.COM .
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