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The lowponer circuit in Fgure 1 nonitors two 9V batteries in
a dual -supply configuration and turns on the Battery Low LED
if ether bettery vdtage dros bl owits linit. It d so provi des tvo
shutdown signals you can use to turn of f vdtage regd aars,
such as Maxi ms MMX663/ 664 positive and negative regul a-
tors. By using | owpover voltage references and op anps, the
circut hddsthecurent daintoaproxinatey 45 A fromeach
bettery, wth the positive drain rising to aporoxinately 1 mi\
when the LED turns on.

Each battery vol tage undergoes conpari son with a Mt oro-
la LMB85Z 1.2V reference, using a Mixim7612 op anp wth
hysteresis via a 22M resistar (R;and R;). Goss-coupling via
the 3-Mlresistars (Ryand R,) ensures thet if either shutdom
sigd goes true, both do, and the circut locks up in the shut -
down state wth the Battery Low LED illuminated. C and C,
del ay the reference voltages so that when the batteries swtch
on, thecircuit cones upinthe proper state. Rositive Shutdown
is a the positive rail vhen true. Negative Swutdomn is a the
negative rail when true. The val ues shown al | owyou to adj ust
the battery-lowlints over arange of approxinately 3.8to 8. 1V.
For our applications wth Breready ENP2 al kal i ne batteries, we
typcdly set thelimts a 6.5V. This setting uses a good portion

of the battery life, yet alovs sone reserve for continued oper -
ation after the LED cones on.

The circuit has two convenient features that were unfore-
seen before testing. Qe is that when the batteries swtch of f
the LEDfl ashes briefly as the decoupl i ng capaci tors di schar ge.
The flashing ind cates that the betteries are nat sototaly dead
that they cannot light the LD The other is that the LMB85 has
aninitia tunon votage about 10%higher than the steady-
state 1.2V reference. Thus, when you swtch the batteries on,
they nust have a voltage about 10%hi gher than the steady-
state threshold to be considered good. S if the Battery Low
LED stays of f when the device turns on, the betteries wil
renaingood for avhile. @ course, if youare not usingthe shut -
dom signals to turn of f regdatars, you can set the thresho d
sotha your device wll cotinuetooperatefor aperiod after the
LED cones on. Usi ng the battery-di scharge characteri stics and
yar drait s voltage and current regui renents, you can sel ect
athreshd d that gves aporopriate reserve for your application
(O #2169)
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NOTES:
1.1C; AND IC, ARE MAXIM ICL7612ECPA. 4. Cy AND C4 ARE 22 pF, 16V TANTALUM.
2. CR; AND CR, ARE MOTOROLA LM385Z-1.2. 5. ALL RESISTORS ARE 1/4W, 5 OR 10% CARBON COMPOSITION.
3. C; AND C3 ARE 0.47 pF, 50V CERAMIC. 6. TRM; AND TRM, ARE BOURNS 3296W.

If either bettery votage inatvo-bettery suply drops bel owa preset linnt, a Battery LowLEDturns on.





