
For many applications that re-
quire power-supply currents of a

few amperes or less, three-terminal
adjustable-output linear voltage regu-
lators, such as National Semiconduc-
tor’s LM317, offer ease of use, low cost,
and full on-chip overload protection.
The addition of a few components can
provide a three-terminal regulator
with high-speed short-circuit current

limiting for improved reliability. The
current limiter protects the regulator
from damage by holding the maximum
output current at a constant level, IMAX,
that doesn’t damage the regulator (Ref-
erence 1). When a fault condition
occurs, the power dissipated in the pass
transistor equals approximately VIN�
IMAX. Designing a regulator to survive
an overload requires conservatively

rated—and often over-
designed—components
unless you can reduce, or
fold back, the output
current when a fault
occurs (Reference 2).

The circuit in Figure
1 incorporates foldback-
current limiting to pro-
tect the pass transistor
by adding feedback
resistor R4. Under nor-
mal conditions, transis-
tor Q2 doesn’t conduct,
and resistors R1 and R2
bias MOSFET Q1 into
conduction. When an
output overload occurs,
Q2 conducts, reducing
the on-state bias applied
to Q1 and thus increas-
ing its drain-source
resistance and limiting
the current flowing into
regulator IC1, an LM317.
Adding R4 makes Q2’s
bias current dependent
on the output voltage,
VOUT, which decreases
under overload condi-
tions.

For the circuit in Figure 1, you can
calculate the maximum foldover and
short-circuit currents, IKNEE and ISC,
respectively, as follows:

In a practical design, you select val-
ues for IKNEE and ISC and equal values for
R3A and R3B and then use equations 1
and 2 to calculate resistors RSC and R4.
For the circuit in Figure 1, the output’s
maximum and short-circuit currents are
fixed at 0.7 and 0.05A, respectively.
With R3A and R3B set to 100�, solving
the equations yields values of 0.73� for
RSC and 4.3 k� for R4.You can demon-
strate the circuit’s performance by
applying a variable-load resistor that’s
adjustable from 0 to 200�. As Figure
2 shows, the output’s simulated and
measured voltage-versus-current char-
acteristics, VOUT  andIOUT, respectively,
are in close agreement.EDN
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charger connects to the phone’s charg-
er-input socket (Figure 3). In this
example, the MAX6321-HPUK30-CY
that IC1 uses is factory-trimmed for a 3V
reset threshold, and the -CY suffix indi-
cates complementary reset outputs and
a 1.6-sec delay interval. The reset inter-
val begins when VCC reaches 3V�45
mV. After 200 msec, RESET goes low,

and RESET goes high.
The RESET output releases the

SPST analog switch, IC2, which
enables the PWM input. Meanwhile,
the active WDI (watchdog input)
monitors the PWM input signal. If no
signal transitions occur within 1.6 sec,
the RESET and RESET outputs
become active, disabling the PWM

input and pausing the charger algo-
rithm using a CPU interrupt that the
charger-ready signal conveys (Figure
4). All active and passive components
for the circuit are available in surface-
mount packages. Pass transistor Q2, a
Siliconix-Vishay SiS5853, includes an
integrated Schottky diode, D1.EDN

designideas

78  EDN |  JULY 21, 2005

Figure 1 This circuit adds foldback-overcurrent protection to
a linear regulator.
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Figure 2 Simulated and measured foldback-current
responses to a load resistance that varies from 200 to
0.01� show close agreement. 
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