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Figure 2. Two NiCd or NiMH batter:
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ies connected in series can easily be

charged using a diode and a resistor.
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Figure 3. This Maxim design uses two DC/DC converters to charge a
NiMH cell and power the connected circuit with a supply voltage of at

least 3.3 V.

sible to ‘blow up’ a USB port if
you try to draw too much current
from it. National Semiconductor
has developed a special IC that
protects host ports against exces-
sive output currents. The block
diagram of this IC (LM3525) is
shown in Figure 4. As soon as
the output voltage drops more
than 100 mV below the input sup-
ply voltage, the output current is
limited to 1T A by the builtin
power FET. Even with simple
charging circuits such as the one
shown in Figure 1, it's a good

idea to include an LM3525
between the USB connector and
the charging circuit, in order to
prevent damage to the PC or
notebook computer.
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Figure 4. The National Semiconductor LM3525 provides a simple solu-
tion for protecting USB host ports against overloads.
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30-mA
LED Dimmer

Eberhard Haug

If you've ever tried dimming a
LED with a simple potentiometer,
you know that the approach does
not work very well. Just as with
ordinary diodes, the voltage-cur-
rent characteristic of LEDs is far
from linear. The result — depend-
ing on the potentiometer setting
the LED brightness will hardly
change most of the time as the
pot is turned and a sudden vario-
tion at the end.

The best method to tackle this
problem is to power the LED from
a current source with zero fo
100% adjustment range. The cir-
cuit shown here is an example.
A low-current LED (D1) is used to
generate a reference voltage
that's first buffered by one half of
an LM358. The actual current
source that powers the LED(s) is
built around the second opamp
in the chip.

The potentiometer allows the out-
put current to be adjusted, with
R2 acting as a current sense, the
resistor dropping the same volt-
age as the one obtained from the
pot. Using Ohm’s law we find

that the maximum current through
R2 amounts to about 29 mA (lgp
=1.6V/56Q).

If necessary, the current may be
adapted to suit other LED types,
for example, 20 mA is obtained
with R2 = 82 Q and 10 mA at
R2 =150 Q.

It is also possible to connect sev-
eral LEDs in series. The fotal volt-
age available for the LEDs is
determined by the voltage drop
across series resistor and the
opamp, and, of course, the sup-
ply voltage. In this way, the high-
est number of LEDs may be found
from Uep total = Upatt = 5.1 V. In
principle, it is possible fo increase
the supply voltage to 30 V in
order fo connect even more LEDs
in series. This does, however, call
for the value of series resistor R1 to
be increased to prevent overload-
ing the low-current LED used in
the voltage reference.

If you intend to experiment with
larger numbers of LEDs (say, in
arrays) then the maximum load-
ing of the opamps becomes an
issue. The DIP version of the
LM358 may dissipate up to
830 mW. The power, P, is calcu-
lated from P = Upgy — 1.6 -
ULED total X LED,max
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