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Introduction

Low dropout (LDO) linear requlators are often used to provide clean power to proces-
sor cores and communication circuits. In these applications, LDO regulators
are used specifically because processors and power amplifiers have stringent
performance requirements for power supply output noise and load transient
response. Often, these circuits demand an LDO regulator that is a good fit in terms
of current rating and rails per IC in order to minimize solution size.

Typically, LDO regulators require hardware madifications to adjust their output
voltage, but board and component changes can add significant development time
if specifications are constantly changing. In such applications, an LDO regulator
featuring a software programmable output voltage can save time and cost.

Nevertheless, software control of the LDO regulator output solves only part of the
problem. LDO regulators are often used as a postregulator to a switching regula-
tor. From the LDO requlator perspective, switching regulators are often used
to preregulate input power before it reaches the linear regulator. Ideally, the
output of the switching regulator has just the right amount of headroom—above
the dropout voltage of the LDO regulator—so that the LDO regulator operates in
its most efficient region, and transient response is optimized. To maintain the
optimal input voltage to the LDO regulator, the output of the switching requlator
must adjust with the LDO regulator’s output. Again, this is best accomplished
without incurring costly hardware madifications.

The LT3072 dual 2.5 A linear regulator meets the challenging needs of digital IC power
while allowing hardware-independent output voltage adjustments, even when
the LT3072 follows a preregulator input supply. The LT3072 features UltraFast™
transient response and a low dropout voltage of 80 mV, allow it to easily produce
tightly regulated supply voltages when loads change quickly.
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The low 12 pV rms output noise and UltraFast transient response of the LT3072
are attained with only 10 pF (1 pF + 2.2 pF + 6.8 pF) of output capacitance. Low
noise is important for communication or sensor circuits to maintain their
high performance.

The LT3072 incorporates two fully independent 2.5 A LDO requlators in a single
package. The 0.6 V to 2.5 V output voltage range of the LT3072 is wide enough
to power a wide range of digital IC rails. The output voltage for each channel
is programmed by setting a few three-state pins on the LT3072—a method that
can easily be performed via jumpers, a microcontoller, or a power system manage-
ment (PSM) IC.

Programmable Dual Outputs with Low Noise
and UltraFast Transient Response

Figure 1shows the LT3072 in a standalone circuit suitable for digital IC loads
with stringent power requirements. One important component of tight supply
specifications is the ability to respond quickly to load transients, as illustrated
by the LT3072's UltraFast transient response shown in Figure 2.

Each output value is programmed by three three-state pins: Vg Vg and Vogg
and Vg, Vooen and Vygo. Each three-state pin is set by either grounding, floating,
or applying a voltage to it. In this way, the outputs can be programmed from
06Vto25V.

In addition to setting the nominal programmed voltage, margining inputs allow
an additional +10% adjustment around the programmed output voltages. The
respective input voltages can be as low as 200 mV higher than the 2.5V and
0.6 V output voltages, or slightly higher, in order to optimize headroom for
transient response performance. OQutput voltage status is indicated by PWRGD
pins, and there are pins for analog monitoring of output current that also program a
+7% accurate output current limit. There is a pin for analog monitoring of die
temperature as well.
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Figure 1. The UltraFast load transient response, 12 uV rms output noise, and 80 mV dropout
voltage features of the dual-channel, 2.5 A LT3072 meet the needs of digital ICs with stringent
power requirements. In this schematic, the three-state Vyg,., and Vy,g,.o pins are shown fixing
0UTTto 2.5V and OUT2 to 0.6 V, respectively, but the output voltages can be changed simply
by changing the states on those pins, enabling software control of the LT3072 without time-
consuming and costly hardware modifications.
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Figure 2. The UltraFast transient response for a single output of the LT3072 shows settling
within microseconds with only 10 pF (1 uF + 2.2 uF + 6.8 uF) of output capacitance. The middle
trace shows additional capacitance can be used to limit the excursion amplitude, but with a
slightly longer settling time.

Dynamic Control of the Preregulator

The LT3072 can dynamically control the output of the switcher that precedes it.
This enables on-the-fly adjustments of an LDO regulator's output voltage while
maintaining its input voltage at a level that maintains high efficiency and fast
load transient response.

The preregulator supply for the LT3072 in Figure 3 is the LT8616—a 42 V, dual
1.5 A/2.5 A synchronous monolithic step-down requlator. This setup can accept
asingle 3.6 V to 42 V system input voltage range. In this solution, the programmable
output range of the LT3072's 0UT1is from 0.6 V to 1.8 V. The OUT1 channel uses
VIOC to control the corresponding LT8616 output to keep the LDO regulator work-
ing in an optimal efficiency and transient response conversion region. 0UT1 can
be adjusted dynamically from 0.6 V to 1.8 V using the Vg, pins.

Current limit for the OUT1 linear regulator channel is set to 1.8 A, which is slightly
higher than the 1.5 A maximum output current of the LT8616 Channel 1. 0UT2 is
fixed at 0.6 V, capable of 2.5 A with a 3 A current limit.

The LT3008-3.3 provides BIAS to the LT3072. The PG2 (power good) pin of the
LT8616 provides a slight delay before startup of the LT3072. Figure 4 shows the
LT3072 dynamically controlling the switcher channel that preregulates the LDO

regulator input.
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Figure 4. Dynamic test of the circuit in Figure 3. Traces show how software-applied changes
to the three-state pins, Vyg, and Vyg (Ve grounded), result in the voltage adjustments at
OUTT of the LT3072. The LT3072, in turn, dynamically controls the LT8616 Channel 1 output,
which preregulates the LDO regulator’s INT input. In this way, the voltage at the LDO regulator’s
INT remains a fixed amount over the LDO regulator’s 0UT1—a voltage difference that results in
the highest efficiency and best load transient performance—all without any changes to hardware.

o oIN ouT [o—+
% TuF L 22 uF 51k0
) R . T LT3008-3.3 I *— W PWRGD
= * INT - SHDN SENSE - 4
N BOOSTI <
§ | 10pF L ENUVI R o 2 100 W0 BIASEES
> —¢{V WA =, N i 0¥ 018V, 15A
© sSW1 ——0 o IN1 PWRGD2 BVtol8V,1.
®» T 10 pll:d‘CL EN/UV2 RIS STV ‘T‘10 oF +i CBULK1 % 22 yF VO1B2—{ Vg1, SENSE1 Determined by
- E PG1 FB1 b T = 4TWF — 6.3V, 0805 VO1B1— Vg ouT1 F_ Voo Vosr Voisz
—= PG2 < 484 kO <L Voo Iz"z F+T 10pF See Data Sheet
470F 4700 B00ST2 S 47yF REF/BYP1 =gahr = 10V 0805 4 A Minimum Load
— ——w—e- TR/SSI L 0.14F 10V, 1206 10nF -| MARGA1 0805
LT8616 ’ :L: <100 k0 Twonum Vvonsiim
10nF 5.6 pH L T P62 |y 0.845Vat15A
—i} TRISS2  swo 9o . N> LT3072 1.69Kk0 1.8 A Current Limit
soska | |5 HORE H2 2 suoka ¥ ceuLk2 %22 hr NC | MARGA2 SENSE2 = v
) 1 47pF| = 47pF — 6.3V, 0805 I out2
AW—H RT FB2 b 47 : - REF/BYP2 0UT2 ok 0.6V
14F 500 kHz 3: 1MQ 10nF [ Vozez IZ,”Z pF+ LT 10 uF 25A
ol INTVCC 100 pF L L e =68pF = '0V:0805 1mA Minimum Load
I GND BIAS A 6.3V, 1210 - S ATKD @~ Voo 0805
 — ad ¥g:g12 IvonLimz gnaomum )
ad in .833VAT25A
= T nF GND _ TEMP =1 k0 3'A Current Limit
= VTEMP
= = 10nF 19mv/°c
= 25°C =250 mV

Figure 3. INTand IN2 of the LT3072 are preregulated by the dual-channel, step-down LT8616. The connection between VOICT of the LT3072 and TR/SS1 of the LT8616 allows the LT3072 to dynamically
preregulate its INTinput, resulting in the highest efficiency and load transient performance, while allowing adjustments to the LT3072 output voltage without hardware changes.
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Conclusion
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