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Circuit limits dV/dt and capacitor
Inrush at regulator turn-on
W Stephen Woodward, Chapel Hill, NC

Unusual design constraints
sometimes reveal the unfriend-

ly side of everyday components and |

circuits. A case in point is the design
of power-supply-regulation circuitry in
which the primary power source has

an absolute current-limit specifica- °

tion, such as spacecraft photovoltaic,
or “solar,” panels and radioisotope-
thermoelectric generators. Such appli-
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cations require that you pay scrupulous
attention to strict control of current
consumption, including transient-cur-
rent consumption, and infrequent con-
sumption spikes, such as those that typ-
ically occur on power-up. The problem
is that current-limited primary-power
sources can suffer catastrophic volt-
age droop and shutdown in response

to momentary overcurrent faults, even |

¢ itances: |

1

. when the fault is brief. Common caus-

es of such faults are the current spikes
that charge the regulator output’s de-
coupling capacitor.

Unless the current limit of the reg-
ulator clips the resulting spikes, the
spikes are equal to the regulator’s out-
put-voltage rate of rise multiplied by
the sum of the parallel output capac-
uax=dV/dexXCy ,;, where
\iax 18 the maximum current, dV/dt is
a differential in voltage with respect to
a differential in time, and C_, is the
output capacitance. The math suggests
that the best strategy for limiting the

regulator’s turn-on maximum current is
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to limit dV/dt. The circuit in Figure 1
relies on this trick and works with in-
dustry-standard adjustable linear regu-
lators, such as the popular low-dropout

assuming C ;=100 pE dV/de=
2500V/s, and [,,«=0.25A. At the end
of the modified power-up sequence,

D, and D, decouple the dV/dr circuir

from the regulator’s feedback network,
preventing the coupling of ripple volt-
ages from the input voltage into the
output volrage.Eom

LM2941.

The basis of the dV/dt-limiting
technique comprises the six added
components: R;, R, C, D, D,, and
Q,. On power-up, the control current
through R, C,, and D, delays the rise OFF
of the output voltage and thus pre-
vents excessive maximum-current

| l
transients.

Here’s how it works. When V  is l
on and Q, is off, current through R,, ON
C, and D, pulls the adjust pin of the
regulator to the reference. This ac-
tion limits V ’s dV/dt to the rate
of C, charging through the series re-
sistance, (R;+R R /(R +R,)), and
thereby limits I ,,, to any desired
value using the design equations | |
R3:(V1N_VREF_ I )/VOUT’ R4:<20 R,
and C =C .V, /I (RARR/
{R,+R,))). For example, given the
circuit constants in the figure and

N = v
out
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- Figure 1 On power-up, the control current through R, C,, and D, delays the
rise of V,  and thus prevents excessive |, transients.
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