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The standard boost converter in Figure 1 uses not only IC1,
C1, L 1, D1, and C2 to generate a main 5V output, but also
additional small, low-cost components to provide two aux-
iliary supply rails of 10 and –5V. These auxiliary outputs are
useful for analog circuitry in small handheld instruments,
which often require supply voltages greater than the signal
range. Input voltages of 0.8 to 5.5V, which is equivalent to
voltages from a battery pack of one to three cells, sustain the
main regulated output of 5V±2%. With an input of 1.8V
from two flat cells, for instance, and with the other rails
unloaded, the circuit can produce 25 mA with 80 to 90%
efficiency.

The converter’s LX switching node drives low-cost, dis-
crete charge pumps via “flying capacitors” C3 and C6 to cre-
ate the –5V and 10V outputs. The LX node switches
between 0V and a level-one diode drop above the 5V rail,
so the charge pumps’ drive voltage is reasonably well-regu-
lated. Moreover, the drop across D1 roughly compensates
for diode drops in the two charge-pump outputs. IC1’s inter-
nal control scheme also assists in regulating the auxiliary
outputs. This IC’s current-limited, minimum-off-time,
pulse-frequency modulation constantly adapts its switch-
ing frequency to the net load current; the frequency increas-
es when the load increases, producing a greater transfer of
energy via the flying capacitors. The result is a type of
pseudoregulation for the charge-pump outputs.

These analog supply rails can drive precision op amps,

such as the MAX400 and OP-07, whose input common-
mode-rejection and output-range specifications are 2 to 3V
within the supply rails. Thus, the rails are good enough if
the –5V output is less than –3V and the 10V output is more
than 8V. Accordingly, the component choices in Figure 1 ,
such as the lossy RC output filters and silicon signal diodes
in place of Schottky diodes, provide for minimal cost and
ripple rather than maximum regulation. The 4.7-mF capac-
itors, C4 and C7, can be high-ESR, commodity, multilayer-
ceramic types with 16V ratings, a 1206 case, and a Y5V
dielectric, such as the 1206YG475ZAT2A from AVX Corp
(www.avxcorp.com).

The output ripple varies with the supply voltage and out-
put load. Operating with an input voltage of 1.8V, the cir-
cuit produces ripple amplitudes over the load of 2 to 10 mV
p-p for the 10V rail and 15 to 30 mV p-p for the –5V rail. By
increasing C5 and C8 to 2.2 mF, you can reduce these ripple
levels to 1 and 5 mV, respectively.

With no load on the auxiliary rails, the 5V output’s max-
imum available load current rises with input supply voltage
(Figure 2a ). You can increase this available output power by
replacing D1 with a lower loss Schottky diode. At an input
of 1.8V, the output power available for the three rails
(loaded with 10 mA at 5V, 5 mA at 10V, and 5 mA at –5V) is
somewhat less than 125 mA; with a 5-mA load, the 10V and
–5V outputs are approximately 9.75 and –3.7V, respectively
(Figure 2b ). A 2.7V input based on three flat cells yields
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FIGURE 1

Adding external charge pumps to this 5V boost converter produces auxiliary analog rails of 10 and –5V.
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around 275 mW.
The MAX858 operates with peak

inductor currents of 125 mA. If you
need more current, you can replace this
IC with related parts that have 500 mA
and 1A ratings. Note that these changes
require different passive components;
the inductor and main output diode
ratings must match the inductor’s peak
current. The charge pumps can remain
the same if their output currents don’t
change much.

You can also retain the cheap, com-
mon, commodity dual diodes D1, D2,
and D3, but detail specifications vary,
so look carefully at data sheets for the
part you actually use. For example, the
B AV 7 0 ’s dc forward current, IF, and
peak forward surge current, IFSM for 1
msec, differ among manufacturers. For
the Motorola (www. m o t o r o l a . c o m )
part, IF=200 mA, and IFSM=500 mA. For
National Semiconductor (www.
national.com), IF=600 mA, and IFSM=2A.
For Philips (www.philips.com), IF=125
mA, and IFSM=4A, and for Vishay-Sili-
conix (www.siliconix.com), IF=250 mA,
and IFSM=4.5A. This caution is advisable
in all second-source considerations. (DI
#2200) e
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FIGURE 2

With auxiliary rails unloaded, the 5V output’s maximum available load current
rises with input supply voltage (a). The auxiliary-output voltage levels depend on
the load current (b).
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This application follows the Design Idea, “Peak detector
maximizes CCD-sensor range” (E D N, Aug 15, 1996). Its 
aim was to optimize the performance of an A/D converter
used to digitize a linear CCD sensor’s analog output. The
method involved stretching the upper reference of the flash
ADC for the highest lit pixel in the array. The method works
well, but does not obtain the best performance from the
CCD, which can saturate for overexposure or can produce
noise for underexposure. Figure 1 shows a better method
that you can use with CCD sensors that provide a shutter
facility. The shutter signal in a modern CCD array (such as
the Sony ILX703A) removes the electrical charges the light
produces during the exposure. Thus, the time between the
shutter signal and the data reading is the exposure time. The

circuit in Figure 1 simply moves the shutter pulse between
two subsequent readout gates.

The circuit digitally compares the ADC’s output with the
desired level (near the maximum ADC output). If the out-
put exceeds the threshold level, the up/down counter incre-
ments; otherwise, it decrements. The magnitude compara-
tor compares the up/down counter’s register contents with
the pixel-counter data, and, when the data exceeds the con-
tents, the shutter signal activates. The system requires an
average settling time of (number of pixels)/(23pixel time)
and, in the steady-state condition, oscillates with a period
of one pixel time. Our application required obtaining the
shape of the light distribution, neglecting the absolute illu-
mination information. You can use the contents of the
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