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Introduction
The LTC3704 is a general-purpose,
single-ended current-mode DC/DC
controller IC that is optimized for use
in negative output converter applica-
tions. Unlike traditional controllers,
which are optimized for positive out-
puts, the LTC3704 has a negative
feedback pin (NFB), which can be
connected directly to a divider from
the negative output to ground. This
direct connection saves space and
expense by eliminating the traditional
glue circuitry normally required to
level-shift the feedback signal above
ground. The LTC3704 provides flex-
ible, high performance operation in a
small MS10 package.

The LTC3704 takes advantage of
Linear Technology Corporation’s pro-
prietary No RSENSE™ technology by
sensing the voltage across the power
MOSFET, as shown in Figure 1. This
sensing technique improves efficiency
and reduces the size and cost of the

solution. For applications where the
drain of the power MOSFET exceeds
36V, or when more accurate control
of the maximum current is impor-
tant, the LTC3704 can also be used
with a conventional sense resistor in
the source of the power MOSFET.

The operating frequency of the
LTC3704 can be programmed over a
50kHz to 1MHz range with a single
resistor from the FREQ pin to ground.
In addition, for systems where the
switching frequency of the converter
needs to be controlled by an external
clock, the LTC3704 can be synchro-
nized using the MODE/SYNC pin.

The LTC3704 exhibits low quies-
cent current and is capable of
operating with an input voltage from
2.5V to 36V. When operating in Con-
tinuous Conduction Mode (CCM), the
quiescent current drawn by the IC is
typically only 550µA plus the current
required to switch the gate of the

external power MOSFET (IQTOT =
550µA + QG • fOSC). In Burst Mode®

operation, at light loads, this total
quiescent current (IQTOT) can drop to
as low as 250µA. Furthermore, when
the chip is in Shutdown Mode (the
voltage at the RUN pin is below 1.248V)
the total quiescent current drops to a
very low 10µA.

A High Efficiency, –8V, 1.2A
RF Power Supply
Figure 1 illustrates a –8V, 1.2A (2.5A
peak) RF power supply which can
operate from a 3V to 5V input supply.
This design takes advantage of the No
RSENSE technology in order to maxi-
mize efficiency, reduce board space
and reduce the overall cost of the
supply. Operating at a switching fre-
quency of 300kHz enables the use of
a small, 1:1 coupled inductor. An SO-
8 power MOSFET (which has a
maximum RDS(ON) of 16mΩ at VGS =
2.5V and 13.5mΩ at VGS = 4.5V) and
a surface mount diode provide the
1.2A to 2.5A output current level. All
of the capacitors in this design are
low ESR, X5R-dielectric ceramics. The
output current can easily be scaled
by the choice of the components
around the chip without modifying
the basic design.

A High Performance, Single-Ended,
No RSENSE Controller for Negative
Output Supplies
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Figure 1. A 3V to 5V input, –8V output at 1.2A RF power supply
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Figure 2. Efficiency vs output current
for the converter in Figure 1
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Figure 5. A 5V to 15V input, –5V output at 2A positive-to-negative power supply with soft start
and undervoltage lockout
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Figure 6. Efficiency vs output current
for the converter in Figure 5

Figure 2 shows the efficiency at 3V
and 5V input, and Figure 3 shows the
maximum output current vs input
voltage. Figure 4 shows the load step
response at 3V and 5V input.

A 5V to 15V Input, –5V
Output at 3A (5A Peak)
Converter with Soft Start
and Undervoltage Lockout
The negative output converter illus-
trated in Figure 5 can operate with a
DC supply as low as 5V. It also takes
advantage of the No RSENSE technol-

ogy in order to maximize efficiency.
This design uses the same 1:1
coupled-inductor, along with an
Si4884 power MOSFET (which has a
maximum RDS(ON) of 16.5mΩ at VGS =
4.5V). The ceramic capacitor used for
the DC coupling capacitor provides
low ESR and high RMS current capa-
bility.

Figure 6 shows the efficiency for
this converter at three input voltages,
while Figure 7 shows the maximum
output current vs input voltage.

The soft start circuit consists of the
NPN transistor Q1, combined with
resistors RSS1 and RSS2, and capacitor

CSS. When the circuit first starts up,
the VBE of Q1, across resistor RSS1,
defines the current through capaci-
tor CSS. Since I = C • dV/dt, the dV/
dt at the output is controlled by the
values of RSS1 and CSS (the VBE is
constant at about 0.7V). Resistor RSS2
is included to buffer the emitter of Q1
from the capacitance of CSS. Figure 8
illustrates the start-up characteris-
tics of the supply.

INPUT VOLTAGE (V)
5.03.5 4.0 4.53.0

I O
(M

AX
) (

A)

2

3

1

0

Figure 3. Maximum output current
vs input voltage for the converter
in Figure 1
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Figure 4a. Load step response with 3V
input for the converter in Figure 1

Figure 4b. Load step response with 5V
input for the converter in Figure 1
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Resistors R1 and R2 in Figure 5
program the input voltage turn-on
and turn-off thresholds for the con-
verter (4.4V rising and 4.1V falling,
respectively). Sensing the input volt-
age is useful in battery applications,
and to protect the power MOSFET
from overheating at low gate-to-source
voltages. For a falling input voltage
(such as a discharging battery), the
RUN pin on the LTC3704 is compared
to an internal, trimmed, micropower
1.248V reference. If the RUN pin falls
below this threshold, the chip shuts
down and the quiescent current drops
to 10µA in order to reduce the load on
the battery. The 100mV hysteresis on
the RUN pin comparator compen-
sates for the rise in the unloaded
battery voltage (or other input sup-
ply) and provides good noise immunity
in general. Capacitor C1 provides a
small amount of “ride-through”
capability for short undervoltage con-
ditions.

This design greatly benefits from a
5.2V Low Dropout Regulator (LDO)
built into the LTC3704. Having such
a wide input voltage range (5V to 15V)
would normally present problems for
the gate drive to the power MOSFET.
At high input voltages, the reliability

of the MOSFET is degraded dramati-
cally. At low DC input voltages, any
drop between the chip supply and the
gate driver output reduces the VGS of
the MOSFET, forcing the use of a sub-
logic-level power MOSFET rated at a
VGS of 2.5V. With a PMOS-output
LDO and a strong CMOS gate driver,
however, at 5V input, the full supply
voltage is applied to the gate of the
MOSFET with the LTC3704, provid-
ing maximum efficiency and more
flexibility in the choice of power MOS-
FETs.

A SLIC Power Supply
Figure 9 illustrates a multiple-output
telecom power supply designed for

use in Subscriber Line Interface Cir-
cuits, or SLICs. The input to the SLIC
power supply is some form of battery
(lead acid or lithium-ion, for example)
so that talk battery power can be
provided to POTS (Plain Old Tele-
phone System) phones during an AC
line failure (or rolling blackout). The
output voltage is typically propor-
tional to the distance the subscriber
line runs from the local hub to a
house or office, in order to compen-
sate for the impedance of the loop.
Multiple output supplies are used to
supply groups of users at different
distances from the hub.

The –24V output of this supply
uses one secondary winding in a
positive-to-negative configuration,
whereas the –72V output uses the
other two windings in a conventional
flyback mode. The –24V output is
regulated, and the –72V output is
obtained by stacking additional wind-
ings on the –24V output. A standard
Versapak transformer (VP5-0155) is
a convenient choice, with 3 windings
connected in parallel on the primary
to satisfy the high current demand.

The other positive-to-negative con-
verters described in this article have
taken advantage of the No RSENSE™
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Figure 9. High power SLIC supply with undervoltage lockout
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Figure 14. Response of compressor to a 16-
fold amplitude step. Small signal is amplified
and large signal is attenuated.

LTC1966 measures the output and
adjusts the VC pin of the LT1256,
through the LT1636 configured as a
low pass filter, favoring the lower gain
A1 path as output amplitude rises. It
is this attenuating characteristic with
rising output amplitude that achieves
the compression effect.

As shown, the circuit provides 13dB
of compression, squeezing a 5mV to
1V RMS input range into a 20mV to

0.85V RMS output range. Figure 14
shows results with a 16-fold step in
input amplitude of a 100Hz sinusoid,
demonstrating approximately 50ms
of attack time. Note the presence of
gain on the small signal, and the
attenuation of the large signal. More
extreme compression over different
input and output ranges can be
achieved by adjusting the op amp
gain (R8 and R9), the fader gain and

attenuation (R3 through R7), and the
LT1256 full scale control voltage set-
ting (R13 and R14). The upper limit
on achievable compression is dictated
by the desired quality of the time
domain response of the control loop,
with excessive overshoot on the at-
tack time causing periods of excessive
attenuation—creating a puffy sound
to the human ear.

Summary
The LTC1966 is a breakthrough in
RMS-to-DC conversion—bringing a
new level of accuracy to RMS mea-
surements. It is extremely simple to
connect, and provides excellent ac-
curacy over temperature and time
without requiring trims. These fea-
tures, along with its small size and
micropower operation make the
LTC1966 suitable for a wide range of
RMS-to-DC applications, including
handheld measurement devices.

LTC1966, continued from page 6

technology, but this design cannot
because it places significant voltage
stress on the drain of the power MOS-
FET (with leakage spikes and high
frequency ringing, the maximum volt-
age on the drain of the MOSFET can
exceed 40V, and the absolute maxi-
mum rating for the SENSE pin on the
LTC3704 is 36V). As a result, this
design uses a 100V BVDSS device,
along with a conventional 12mΩ sense
resistor in the MOSFET source. The
power losses incurred by this sense
resistor are relatively small in this
system (approximately 1%), due to
the high input voltage.

A sense resistor can also improve
performance in systems where the
ability to control the maximum out-
put current takes precedence over

increasing overall efficiency. The ini-
tial tolerance of a discrete sense
resistor is typically better than ±5%,
whereas the initial tolerance of the
RDS(ON) of a power MOSFET is typi-
cally ±20 to ±30%. In addition, the
temperature coefficient of the dis-
crete resistor can easily be an order of
magnitude lower than for a power
MOSFET (whose RDS(ON) increases ap-
proximately 50% from 25°C to 125°C).

Undervoltage conditions at the in-
put supply are detected at the RUN
pin via the resistor divider formed by
R1 and R2. In this case if the battery
pack discharges to below 5.0V, the
converter shuts down. The rising
input startup threshold is approxi-
mately 5.4V. The optional capacitor
CR could be used to give the converter

some ride-through capability for brief
input undervoltage conditions.

Conclusion
The LTC3704 is a versatile control IC
optimized for negative voltage sup-
plies, but useful in a wide variety of
single-ended DC/DC converter topolo-
gies. It is a flexible, high performance
converter in a small, convenient MS10
package. It improves efficiency, re-
duces the size and weight of power
supplies, and saves total component
and manufacturing expense. Its range
of applications extends from single-
cell, lithium-ion powered systems to
high voltage, high power telecommu-
nications equipment.
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