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Many circuits, such as those that use batteries or solar cells,
must operate in the face of decreasing supply voltages. The
circuit in Figure 1 maintains the maximum load current as
the supply voltage drops. The regulator boosts a 2.5 to 4.2V
input to 5V and provides 2A load current, for 10W of output
power. The circuit is a bootstrapped synchronous boost reg-
ulator that uses an LTC1266 synchronous-regulator con-
troller. Diodes D1 through D5 allow the circuit to start up
using the low input voltage and then to receive its power
from the higher output voltage during normal operation.

The crucial elements in the circuit are the switches: two
IRF7401 n-channel MOSFETs. The MOSFETs receive full
enhancement at low gate-source voltages. (At VGS=2V, the
peak drain current is 15A.) The low enhancement voltages
allow the circuit to start with low input voltages.

This low-voltage capability is important for low-series-
cell-count, battery-powered systems. Diodes D3 and D4,
along with capacitor C2, form a charge-pump circuit, which
the controller uses for the MOSFETs’ gate drive. Because the
circuit receives its power from the 5V output voltage, the cir-

Bootstrapped boost converter operates at 1.8V
TOM GROSS, LINEAR TECHNOLOGY, MILPITAS, CA

A project using Xilinx FPGAs brought an interesting prob-
lem to light. When you turn on the board, one FPGA in three
succumbs to this problem. A lot of frustration and testing
uncovered a negative-going spike (Figure 1) in the 5V line
from the dc/dc converter. The system uses a dc/dc converter
to convert –48V to 5V and other voltages. The spike occurs
before the converter delivers its intended 5V. Spikes greater
than 5V would kill the FPGA with the shortest path to the
converter. The circuit in Figure 2 solves the problem.

Because the spike occurs before the 5V supply line turns
on, to prevent the spike from destroying the FPGA, you
should open the 5V path when you turn on the power switch
and then close the path when the 5V supply voltage is pre-

sent. The R19-C13 RC network provides a delay in turning
relay K1 on. The turn-on voltage for K1 is approximately 3.7V.
The voltage divider comprising R19 and K1’s coil resistance
(approximately 780V for an NEC EA2-5NU) provides a volt-
age at the junction of C13 and R19 sufficient to turn K1 on.
The value of C13 sets the delay at approximately 2 msec. (DI
#2181) e
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Circuit protects FPGAs from killer spikes
NELSON NGUYEN, ANRITSU CORP, MORGAN HILL, CA

A large negative spike (top waveform) in the turn-on wave-
form of the 5V supply line is an effective FPGA destroyer. 

A simple RC network and a relay provide a 2-msec turn-on
delay in the power-supply line to the FPGAs, thereby blocking
the killer negative spike.
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cuit still operates if the input supply
voltage drops below the IC’s minimum
input voltage. This bootstrapping
allows the circuit to start up when the
input voltage is below the IC’s 3.5V
minimum input spec. With a 1A load,
the regulator operates with inputs as
low as 1.8V. Figure 2 shows the regula-
tor’s efficiency vs the input voltage
with three load currents. With 2A load
current, the efficiency drops as the
input voltage decreases, because of the
higher power losses in the inductor. A
larger inductor would provide in-
creased efficiency or allow for greater
load currents. (DI #2185) e
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A charge-pump arrangement allows this boost regulator to operate with input voltages far below the minimum specified value
for the regulator IC.
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The conversion efficiency for the boost regulator in Figure 1 averages 87% overall.
The circuit provides its best efficiency for all input voltages with a 1A load.




