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DESIGN IDEAS

ADSL modems, disc drives, note-
book computers, and other data
acquisition circuits require high cur-
rent, ±5V power supplies with
switching frequencies greater than
1.1MHz to avoid interfering with noise
sensitive circuitry. Figure 1 shows a
very simple, compact and efficient
solution that uses a single 1.25MHz
LT1765EFE monolithic step-down
switching regulator and only one
magnetic component. This circuit can
provide ±5V supplies from a 12V
source with greater than 1A capabili-
ties on both rails. The LT1765EFE’s
internal 3A power switch saves space
by eliminating the requirement for an
external MOSFET and its traces. Typi-
cal efficiency is 84%, as shown in
Figure 2. An alternative option is to
use two ICs, which means paying a
heavy toll in board space, overall cost,
and complexity.

The LT1765EFE uses current-
mode control to regulate the positive
output with its step-down converter
topology. The off-the-shelf CTX5-
1A(L1) transformer, which has a

greater than 3A current rating and a
1:1 turns ratio, induces the same
voltage across the secondary winding
as the primary winding and maintains
a –5V output. A high current-density
ceramic coupling capacitor creates a

low-impedance path for current to
run between the IC and the negative
output, maintaining excellent cross-
regulation, as shown in Figure 3. The
3A minimum switch-current limit of
the LT1765EFE and the thermally

Space Saving Dual Output ±5V High
Current Power Supply Requires Only
One 1.25MHz Switcher and One
Magnetic Component
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Figure 3. The negative (–5V) supply
maintains excellent regulation (±3%)
over a wide range of output currents
without the use of a negative supply
feedback network.
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Figure 2. The efficiency of the circuit
in Figure 1 is typically greater than
80%, and as high as 85% for varying
output currents.
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Figure 4. The available negative output
current (±3% voltage regulation on –5V
output) increases as positive supply
(5V) current increases until switch
current or thermal limitation are
reached.
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* L1 IS A SINGLE CORE WITH TWO WINDINGS CTX5-1A
C6: 4.7µF, 6.3V, X5R, CERAMIC
D1, D3: DIODES INC. B220A (805) 446-4800
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Figure 1. This high-current dual output power supply conserves space by consolidating the
magnetics into a single component (L1) and by using ceramic capacitors.
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dustrial controls with 24V supplies,
or heavy-duty truck applications. In
these applications, the loss of ground
connection or cross-wiring faults can
force DC voltages in excess of 24V in
either polarity onto the bus pins. The
LT1796 can survive such faults with-
out the need for external protection
circuitry.

The LT1796 matches the industry
standard footprint in the SO-8 pack-
age, including a combined slew rate
control/standby pin. In standby, the
supply current is reduced to 800µA.
The slew rate control allows a maxi-
mum data rate of 500kbps, or it can
be programmed for slower rates to
minimize EMI and reduce reflections
due to long stubs or improper termi-
nation.

LTC4211 Hot Swap Controller
Provides Overcurrent
Protection and Inrush
Current Limiting Without an
External Gate Capacitor
The LTC4211 Hot Swap™ controller
features dual level overcurrent pro-
tection and inrush current limiting
without the need for an external gate
capacitor. The dual level overcurrent
protection is implemented using two
comparators, each with different

enhanced TSSOP16 exposed
leadframe package provide high-
power in a more compact solution
than is possible with either dual con-
trollers—at a much higher cost—or a
single controller and separately cho-
sen MOSFET—a more complex design
using extra board space and design
and assembly time. The B220A
Schottky diodes have a low forward
voltage rating for high efficiency and
a small case size to further minimize
board space. The ceramic input and
output capacitors provide a tiny, low-
cost solution with minimal output
ripple.

The current-mode topology of the
regulator provides stable response to
load transients on both outputs—
requiring only ceramic output

capacitors and a simple RC network
located on the VC pin of the
LT1765EFE. This is a space and cost
saving advantage over a voltage-mode
controller topology, which would re-
quire additional compensation
components to optimize load tran-
sient response. Also, voltage-mode
controllers typically require electro-
lytic or tantalum output capacitors,
rather than extremely low ESR ce-
ramic capacitors, to stabilize the
control loop and maintain good high
frequency response. Given the same
RMS current-handling requirement,
electrolytic and tantalum capacitors
take much more space and create
much more output voltage ripple than
the equivalent ceramic. Overall, a
current-mode step-down regulator
with ceramic capacitors is simpler,

smaller, and less expensive than a
voltage mode solution.

The swi tch current  o f  the
LT1765EFE, which has a minimum
rating of 3A, limits the maximum
output current of the negative line
and positive line. In this topology, the
negative output current must be less
than (and cannot equal) the positive
output current, or the output voltage
will drop out, so care must be taken
when considering all possible load-
transient conditions. The typical
maximum negative output current
with respect to the positive output
current is shown in Figure 4. If cross-
regulation is an issue with +5V output
current greater than 1.0A and –5V
negative output current less than
5mA, a 1k preload resistor on the –5V
output can improve regulation.

thresholds and response times, to
monitor the voltage across an exter-
nal RSENSE resistor connected between
the VCC and SENSE pins. The slow
comparator helps to filter out noise
by tripping when the voltage across
the resistor exceeds 50mV for more
than 20µs. The fast comparator pro-
tects the board against potentially
damaging high energy voltage spikes
and severe overloads—it trips when
the voltage exceeds 150mV for more
than 300ns. During power-up, an
internal soft-start circuit gradually
ramps up the GATE pin of an external
N-channel MOSFET to limit inrush
current to 50mV/RSENSE. The soft-
start circuit does not require an
external gate capacitor, which means
faster turn-off times when an over-
load occurs, and significant cost and
space savings.

The operation of the LTC4211 is
sequenced in two timing cycles, with
the duration of both cycles set by an
external capacitor connected from the
TIMER pin to ground. The first timing
cycle—the plug-in cycle—provides
enough time for a solid connection to
be made to the backplane and for the
power supply to settle. The second
timing cycle determines the duration
of the soft-start cycle. The ON pin of
the LTC4211 must be taken high for

the first timing cycle to be activated.
As the GATE voltage ramps up during
the second timing cycle, the FB pin
monitors the load side voltage via an
external resistor divider and forces
the RESET open drain pin low until
the voltage rises above some nominal
value.

The LTC4211 operates from 2.5V
to 16.5V and is available in the SO-8,
MSOP-8 and MSOP-10 packages. It is
specified for both commercial and
industrial temperature ranges. The
8-pin versions are pin compatible with
the LTC1422, allowing for easy up-
grades. The 10-pin versions add
FILTER and FAULT pins. The 20µs
response time of the slow comparator
can be increased by connecting an
external capacitor from the FILTER
pin to ground. The FILTER pin can
also used in conjunction with an ex-
ternal Zener diode to add overvoltage
protection. The FAULT pin is an open
drain output which is normally pulled
high by an external pull-up resistor.
It serves as a status indication and
pulls low when the LTC4211 is latched
off by an overcurrent fault. It can also
be tied to the ON pin for auto-retry
applications in which the LTC4211
tries to reconnect the load automati-
cally after being latched off.

LT1765, continued from page 31




