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DESIGN IDEAS

Ramp Three Supplies with a Supply
Monitor and Hot Swap Controller

Many digital systems with multiple
supply voltages require simultaneous
ramping of supplies at power up. Since
the power supply usually consists of
separate regulators for each voltage,
it is impossible to guarantee simulta-
neity of output. The circuit shown in
Figure 1 ramps the outputs of three
supplies and ensures tracking at
power up and during recovery from a
fault.

Regulators invariably start up at
different rates and different times
based on current capability, filter
capacitance and loop characteristics,
so there are no guarantees as to how
or when the outputs will rise to their
respective voltages. In this case, an
LTC1728-2.5 triple supply monitor
keeps watch over each of three regu-
lated supplies (1.8V, 2.5V and 3.3V).
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Figure 1. Ramping three supplies

Figure 2. Timing diagram
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When all supplies rise to within
acceptable limits (typically within
7.5% of the nominal output voltage),
the LTC1728 waits 200ms and then
enables an LTC1422 Hot Swap™ con-
troller. The LTC1422 introduces an
additional delay of approximately 1.4
seconds and then ramps the gates of
three N-channel MOSFETs, one in
series with the output of each supply.
Figure 2 shows the relative timing of
various waveforms during start-up.

Arranged as source followers, the
MOSFETs nominally track as the
LTC1422 ramps a common gate node.
The ramp rate is set by the GATE pin
current and capacitor CG according
to the equation

dVOUT
dt

IGATE
CG

=

where IGATE is typically 17µA and CG
is selected to limit the rate of rise and
therefore the inrush current into any
subsequent load capacitance.

The highest output, 3.3V, is the
last to reach its final voltage. Its con-
dition is monitored by the LTC1422’s
FB pin, which releases RESET when
the 3.3V MOSFET is fully on. RESET
goes high after 1.4 second delay and,
in turn, initiates load activity.

Faults
Output faults are handled by the short-
circuit limiting of each individual DC/
DC converter. Nevertheless, if a fault

does occur, the effects are short lived.
If one of the regulators goes into cur-
rent limiting, its output will fall and the
LTC1728’s RST output will go low. The
LTC1422 then shuts off all of the out-
puts. This effectively removes the fault
from the output of the affected regula-
tor. The regulator output recovers and,
after delays of 200ms and 1.4s, the
LTC1422 tries to bring up the load
again. If the fault persists, the regula-
tor output will droop and the cycle
repeats. Diodes are included across
the outputs to guarantee worst-case
differential levels under catastrophic
fault conditions. Note that to compen-
sate for MOSFET drops, the regulators
are adjusted approximately 100mV
higher than nominal.

Ramp Three Supplies… continued from page 25

R3-R4 divider, holding the COMP-
OUT pin low when VB_In is less than
10V. COMPOUT can be tied to the ON
pin to lock out undervoltages on
VB_In. Local Power Enable is driven
by an InfiniBand Management Device,
powered separately from a 5V auxil-
iary, also supplied by the backplane.
It is asserted at voltages greater than
1.223V (±1%). Tie it high through a
10k current limiting resistor if there
is no management device on the mod-
ule. After assertion of both control
signals there is a delay of 20ms, which
is proportional to C2, before Q1’s
source begins ramping. The ramp rate,
0.5V/ms (inversely proportional to
C3) safely limits the charging current
drawn by the DC/DC converter’s input
capacitors. R5 prevents self-oscilla-
tions in Q1, which operates as a source
follower while ramping. The R7–R8
divider monitors Q1’s source voltage,
with the RESET output holding the
DC/DC converter off until Q1’s source
voltage reaches 10V.

R6 senses Q1’s drain current. When
its voltage drop reaches a limiting
value, a control loop in the LTC1642
servos Q1’s gate voltage to prevent
further increases in drain current.
The loop regulates in 5µs to 10µs
after activation, safely within the 20µs
specification. R9 works with C3 to
compensate this loop. Q1’s maximum
allowed drain current increases as its
source voltage, sensed by the R7–R8

divider, increases. The voltage across
R6 is limited to 23mV when the
LTC1642’s FB pin is grounded,
increasing gradually to 53mV when
FB is 1V or more. This “foldback”
current limiting tends to equalize Q1’s
power dissipation during “hard” and
“soft” shorts. If Q1 remains in current
limit too long, it is latched off to keep
it from overheating, and the FAULT
output is asserted. The delay before
latch-off is 1ms, proportional to C4.
R10 is included to ensure that Q1
eventually latches off after repetitive,
transient current limiting individu-
ally lasting less than 1ms. Optional
diode D1 is particularly useful on
modules lacking an InfiniBand Man-
agement Device; it automatically
restarts the LTC1642 if it should latch
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off. Increase C2 if using it, to increase
Q1’s off time and keep it from over-
heating during repeated start-up
cycles. To restart the circuit if D1 is
omitted, either an InfiniBand Man-
agement Device must detect the fault
and toggle Local Power Enable or the
bulk power to the module must be
cycled off then on.

The circuit was tested with a 50W
DC/DC converter, LTC Demo Board
DC222 (demo boards are available to
qualified customers—contact LTC
Marketing for information). Figure 2
shows an oscillograph captured dur-
ing module plug-in. The delay from
VbxEn_L assertion to the converter’s
output coming into regulation is
66ms, safely within the 500ms
InfiniBand specification.

Figure 2. Waveforms during module plug-in




