
High efficiency white LED charge pump
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In the past whenever something had to be
illuminated, we had to use yellow LEDs as a
substitute for white light. But as white LEDs
are now available anywhere they will replace
incandescent bulbs in traffic lights and other
applications, drawing less power and lasting
over ten times longer. White LEDs are twice
as bright as incandescent bulbs, and will help
preserve natural resources due to the use of
non-toxic materials and efficiency.

A typical 60 -watt light bulb puts out a lot of
electromagnetic energy in the infrared part of
the spectrum which can't be seen but is felt as
heat. Replacing incandescent light bulbs with
white LEDs would reduce the energy needed
to power them.

The recent wireless communication
revolution has brought colour LCD displays to
cellular phones and PDAs. White LEDs
provide the perfect backlight solution for this
application. However, a single -cell Li+ battery
delivers 3.6V nominal and 4.2V maximum,
not enough to drive white LEDs which have a
forward voltage of 3.5V typical and 4.0V
maximum at I = 20mA to 25mA. Cellular
phone and PDA manufacturers are seeking an
economic and efficient boost solution for

white LED backlighting.
The given circuit design is a simple one,

which drives white LEDs with a regulated
output voltage or current (up to 60mA) from
an unregulated input supply (2.7V to 5.3V). It
is a DC -DC converter requiring only four
small ceramic capacitors and no inductors. We
know the charge -pump solution is the most
economic because it does not require an
inductor. Input ripple is minimised by a unique
regulation scheme that maintains a fixed
750kHz switching frequency over a wide load
range. Also included are logic -level shutdown
and soft -start to reduce input current surges at
start-up. It employs a 750kHz fixed -frequency
50% duty -cycle clock.

The ICI (MAX1912) includes soft -start
circuitry to limit inrush current at turn -on.
When starting up with the output voltage at
zero, the output capacitor is charged through
a ramped current source, directly from the
input with no charge -pump action until the
output voltage is near the input voltage. If
the output is shorted to ground, the part
remains in this mode without damage until
the short is removed.

Once the output capacitor is charged to the
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input voltage, the charge -pumping action
begins. Start-up surge current is minimised by
ramping up charge on the transfer capacitors.
As soon as regulation is reached, soft -start
ends and the circuit operates normally. If the
SET voltage reaches regulation within 2048
clock cycles (typically 2.7ms), the circuit
begins to run in normal mode. If the SET
voltage is not reached by 2048 cycles, the soft -
start sequence is repeated. The devices will
continue to repeat the soft -start sequence until
the SET voltage reaches the regulation point.
The IC1 shuts down when the die temperature
reaches +160°C. Normal operation continues
after the die cools by 15°C. This prevents
damage if an excessive load is applied or the
output is shorted to ground.

Due to the high switching frequency and
large transient currents produced by IC1,
careful board layout necessary. A true ground
plane is a must. To minimise high frequency
input noise ripple, it is especially important
that the filter capacitor be placed with the
shortest distance to ICI (X inch or less).
D. Prabakaran
Tamilnadu
India

Full wave bridge rectifier using LEDs
Could LEDs be used to assemble
a bridge rectifier? Of course it is
possible, but what are the
technical and practical
difficulties. LEDs are made of
Gallium Arsenide,GaAsP or
GaP. With reference to GaP
LEDs they have a reverse
voltage of 5V. They can support
a continuous forward current of
50mA and a peak forward
current of 1A.With forward drop
across each LED to be 2V, the
maximum drop can only be 3V
DC. To get higher voltages more
than one diode has to be
connected in series and to obtain
higher current output more than
one LED has to be connected in
parallel.

In the circuit a bridge circuit
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made of LEDs is connected to
the output of a stepdown
transformer and a load resistor is
connected across the outputs.
Rectification occurs as in an
ordinary bridge but the ripple
factor is found to be greater. In a
bridge rectifier using ordinary

silicon diodes the ripple factor

Ripple = RMS value of a.c
factor component

Effective value of D.0

is found to be 0.485 but in case
of LEDs the ripple factor is

higher of 0.787, i.e. LEDs are
used in place of silicon diodes.
If a capacitor filter is used, the
ripple factor can be further
decreased. By using a resistor
R=270 and a capacitor C =
22RF, the ripple factor was found
to be 0.287. So if silicon diodes
are unavailable GaAs LEDs can
be used for small voltages and
small currents. However the cut
in voltage is greater. If higher
voltage is required to be
rectified, LEDs should be
connected in series such that the
reverse breakdown voltage
across each diode should not be
greater than 5V.
Shery Joseph Gregory
Kerala State
India
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