FEATURES

High Efficiency: Up to 96%

7A Output Current at Vjy = 3V

Adjustable Frequency: 1.5MHz Nominal
PolyPhase Operation (Up to 12 Phases)

Spread Spectrum Frequency Modulation

Output Tracking and Margining

1% Reference Accuracy

2.5V 10 5.5V Vi Range

Phase Lockable from 0.75MHz to 2.25MHz
Selectable Burst Mode® Operation

Low Dropout Operation: 100% Duty Cycle

Low Quiescent Current: 450uA

Current Mode Operation for Excellent Line and Load
Transient Response

Shutdown Mode Draws Only 0.2uA Supply Current
® Available in 38-Pin (5mm x 7mm) QFN Package

APPLICATIONS

Point of Load Power Supply
Portable Instruments

Distributed Power Systems
Battery-Powered Equipment

”[ / \D LTC3415

TECHNOLOGY

/A, PolyPhuse
Syhchronhous Step-Down
Reygulutor

DESCRIPTION

The LTC®3415 is a high efficiency, monolithic synchro-
nous buck regulator using a phase lockable constant
frequency, current mode architecture. PolyPhase® opera-
tion allows multiple LTC3415s to run out of phase while
using minimal input and output capacitance. The operat-
ing supply range is from 5.5V down to 2.5V, making it
suitable for single Lithium-lon battery as well as point of
load power supply applications. Burst Mode operation
provides high efficiency at low load currents. 100% duty
cycle provides low dropout operation that extends operat-
ing time in battery-operated systems.

The operating frequency is internally set at 1.5MHz, allow-
ing the use of small surface mount inductors. For switch-
ing-noise sensitive applications, it can be externally syn-
chronized from 0.75MHz to 2.25MHz. The PHMODE pin
allows user control of the phase of the outgoing clock
signal. The current sense comparator is factory trimmed
foraccurate output current sharing. Burst Mode operation
is inhibited during synchronization or when the MODE pin
is pulled low to reduce noise and RF interference.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation. Burst Mode
and PolyPhase are registered trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners. Protected by U.S. Patents,
including 5481178, 6580258, 6304066, 6127815, 6498466, 6611131.
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Figure 1. High Efficiency Step-Down Converter
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LTC3415

ABSOLUTE MAXIMUM RATINGS

(Note 1)

PACKAGE/ORDER INFORMATION

ORDER PART

NUMBER

TOP VIEW
SVin, PViy VOItage ..o -0.3Vto 6V Szzzz:.
PLLLPF, PGOOD VORages .............ccccccco. ~0.3Vto Viy e
CLKIN, PHMODE, MODE Voltages............... -0.3Vto Vy 1 E ) 1
CLKOUT VOItAGE ..o -03Vto2y | el = s
It1, ITHms ViB, TRACK Voltages ................. -0.3Vto Vy P[] 5] P
MGN, BSEL, RUN Voltages..........c.cccvevevnneee -0.3Vto Vi "gw% % EXV'N
SW Voltage (DC) ....cocvovvvvverrne, -0.3Vto (Vy + 0.3V) swl7] % 5] sw
Peak SW Sink and Source Current ............ccoo........ 15A swle] 2ef sw
Operating Ambient Temperature woocfd o veooo
Range (NOte 2) .....couvveeeereeecieeeea. -40°C to 85°C cukn i 2] seL
Junction Temperature (NOte 5) ........cooeerrreernnncee. 125°C | ™R s
Storage Temperature ..........ccecevevevevnee. -65°C to 125°C N

Order Options Tape and Reel: Add #TR
Lead Free: Add #PBF Lead Free Tape and Reel: Add #TRPBF

Lead Free Part Marking: http://www.linear.com/leadfree/

Consult LTC Marketing for parts specified with wider operating temperature ranges.
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PGND

UHF PACKAGE
38-LEAD (7mm x 5mm) PLASTIC QFN

Tymax = 125°C, 6yp = 34°C/W, 6yc = 1.1°C/W
EXPOSED PAD (PIN 39) IS PGND
MUST BE SOLDERED TO PCB

LTC3415EUHF

UHF PART
MARKING

3415

GLGCT"HCHL CHHBHCTGBBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V)y = 3.3V unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

SVin Signal Input Voltage Range 2.375 5.5 V

Vi Regulated Feedback Voltage (Note 3) 0.590 0.596 0.602 Y

AVrg Reference Voltage Line Regulation Vi = 2.5V t0 5.5V (Note 3) 0.15 0.3 %N

V0L0ADREG Output Voltage Load Regulation Measured in Servo Loop, Vi = 0.3V 0.1 0.2 %

Measured in Servo Loop, Vity = 0.9V -0.05 -0.2 %

AVpgoop Power Good Range 7 10 13 %

Rpgoop Power Good Pull-Down Resistance 1mA Load, Vy = 3.3V 25 40 Q
lg Input DC Bias Current (Note 4)

Active Current Vrg = 0.57V, MODE = 0V 1350 PA

Sleep Vrg = 0.63V, MODE = V) 450 PA

Shutdown VRun = 0V 0.2 5 PA

fosc Switching Frequency 1.3 1.5 1.7 MHz

fsyne SYNC Capture Range 0.75 2.25 MHz

RpreT RDS(ON) of P-Channel FET Isw = 100mA 32 40 mQ

RnFeT RDS(ON) of N-Channel FET Isw = 100mA 25 32 mQ

lLmiT Peak Current Limit Vith =1V (Note 6) 11 13 15 A

VuviLo Undervoltage Lockout Threshold SV Rising 2.05 2.2 2.35 Y

SV)y Falling 1.85 2.0 2.15 \

ILsw SW Leakage Current Vrun =0V, Viy=5.5V 0.1 5 VA

SS Delay Internal Soft Start Delay 140 us

Om Error Amplifier’s Transconductance 1.7 2 2.2 mmho

RUN Run Input Threshold RUN Rising 1.4 1.5 1.6 v

RUN Falling 1.2 1.3 1.4 v

3415f
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LTC3415
GLGCTI“CHL CHHRHCTGGBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V,y = 3.3V unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
PGOOD Delay PGOOD Falling Edge Delay 35 us
YoMARGINING Output Voltage Margining Percentage MGN HI, BSEL LOW 3 5 7 %
MGN HI, BSEL HI 8 10 12 %
MGN HI, BSEL FLOAT 13 15 17 %
MGN LOW, BSEL LOW -3 -5 -7 %
MGN LOW, BSEL HI -8 -10 -12 %
MGN LOW, BSEL FLOAT -13 -15 -17 %
TRACK Tracking Threshold (Rising) RUN =V 0.57 \
Tracking Threshold (Falling) RUN = QV 0.18 \
Tracking Disable Threshold Vin—-0.5 \
Vg Slavemode Vg Slavemode (EA Disable) Threshold Viy-0.5 v
Ity Internal Switch Over Threshold for Internal Vin—-0.5 Y
Compensation
ov Output Overvoltage Threshold Vg Rising 7 10 13 %
uv Output Undervoltage Threshold Vg Falling -7 -10 -13 %
Vhyst QV/UV Hysteresis Vrg Returning to Regulation 1 3 %
Note 1: Stresses beyond those listed under Absolute Maximum Ratings Note 5: T, is calculated from the ambient temperature Tp and power
may cause permanent damage to the device. Exposure to any Absolute dissipation as follows: LTC3415: Ty =Ta + Pp (34°C/W).
Maximum Rating condition for extended periods may affect device Note 6: Current Limit is measured with internal servo loop while forcing
reliability and lifetime. Vit = 1V.
Note 2: The LTC3415E is guaranteed to meet performance specifications Note 7: This IC includes overtemperature protection that is intended to
from 0°C to 85°C. Specifications over the ~40°C to 85°C operating protect the device during momentary overload conditions. Junction
temperature range are assured by design, characterization and correlation temperature will exceed 125°C when overtemperature protection is active.
with statistical process controls. Continuous operation above the specified maximum operating junction
Note 3: The LTC3415 is tested in a feedback loop that adjusts Vg to temperature may impair device reliability.

achieve a specified error amplifier output voltage ().

Note 4: Dynamic supply current is higher due to the internal gate charge
being delivered at the switching frequency.

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

Load Regulation Load Step
Rpson vs Temperature (Reference Figure 13) (Reference Figure 13)
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FUNCTIONAL DIAGRAM

(R

NMOQLNHS
——n990
’ 13000 +—ngt
= 10 NGHS diNDD
+ INI NNy
[
NN
NOIL03L0Yd 1INJYI9-LHOHS HO4 dINOI -
2 130A0 — 1810
00094 AN
+ =50
anad [}
o1 r1'arfer L Aco-NI
6H8L'2HOL'SHYLEL | ONISSOHO 0HIZ LNIHHNO HOLONGNI SHO3HO ASO=TA WINKIHL
TavsIava ss Wﬁzw%z_
| | omn
55200 ﬂ AZZOLAZ
— g
NYHL 1IN9819
ms [} -L00HS |- 9NNy | ]
R A A T T -LLNY any Nipg — AvS0
92'52'72'€2'6'8'L'9 - 1907 HOLY1SY dinoo fowe = w9) ww [Ms0
52E00 f._l ontHoLms —Jo g | WA oninowv [ 190
— 91 m —NE90
0 S — — 1990
m¢>
@
—SS “INI WOvHL
dINOD;
_ 1] dNYIOAS'L ¥344ng SINIHL, 7358 NOW
_ _ dNY19 AL
3d01S + X9 _
4N8HL|
iad 7] +
9€'GE'82°L2'G Y _ (3SVHd-P) 506 | LYO T4
m_\w__ﬂw_w\wﬂ:m (3SYHd-€) 5021 | MO
’ 550 150 (3SY¥Hd-2) 5081 | HOIH
|_; = ZLIZHINGL 100X 1N0X19 | 300NHd
— 21}
—\ —\ 409 3A0WHd
34078 NNYLI3dS||
0] av3dds INAS-TId | ONAS
JA0N NNY-3344 | MO
4dS | HoIH
dINs-357nd | Lv014 aN9s
NOSIH0d 5] NOILONN | NIITD
N3-LsHng 1d7117d
NOILONN4
401v4INID «
OAINI Td E
8din NIM1D

Ning

3415f

LY LN



LTC3415

PIN FUNCTIONS

SGND (Pin 2): Signal Ground. Return ground path for all
analog and low power circuitry. Single connection to
PGND on system board.

PLLLPF (Pin 3): Phase-Locked-Loop Low Pass Filter. The
PLL’s lowpass filter is tied to this pin. In spread spectrum
mode, placing a capacitor here to SGND controls the slew
rate from one frequency to the next. Alternatively, floating
this pin allows normal running frequency at 1.5MHz, tying
this pin to SV forces the part to run at 1.33 times its
normal frequency (2MHz), tying it to ground forces the fre-
quency to run at 0.67 times its normal frequency (1MHz).

PViy (Pins 4,5, 27, 28, 35, 36): Power V. Input voltage
tothe onchip power MOSFETs. Must be closely decoupled
to PGND.

SW (Pins 6,7,8,9,23,24, 25, 26): Switch Node Connec-
tion to the Inductor. This pin swings from PV y to PGND.

MODE (Pin 10): Mode Select Input. Tying this pin high
enables Burst Mode operation. Tying this pin low enables
force continuous operation. Floating this pin or tying it to
Vin/2 enables pulse-skipping operation.

CLKIN (Pin 11): External Synchronization Input to Phase
Detector. This pin is internally terminated to SGND with a
90k resistor. The phase-locked-loop will force the internal
top power PMOS turn on to be synchronized with the
rising edge of the CLKIN signal. Connect this pin to SV)y
to enable spread spectrum modulation. During external
synchronization, make sure the PLLLPF pin is not tied to
Vi or GND.

PHMODE (Pin 12): Phase Selector Input. This pin deter-
mines the phase relationship between the internal oscilla-
tor and CLKOUT. Tie it high for 2-phase operation, tie it
low for 3-phase operation, and float or tie it to V,y/2 for
4-phase operation.

PGND (Pins 13-19): Power Ground. Return path of inter-
nal N-channel power MOSFETs. Connect this pin with the
(=) terminals of Cyy and Cqyr.

MGN (Pin 20): Margining Pin. Floating this pin or tying it
to Vn/2 disables the margining function and allows nor-
mal operation. Tying it high enables positive margining
(5,10, or 15%). Tying it low enables negative margining
(-5, =10, or =15%).

BSEL (Pin 21): Margining Bit Select Pin. Tying BSEL low
selects 5%, tying it high selects £+10%. Floating it
or tying it to V;/2 selects +15%.

PGOOD (Pin 22): Output Power GOOD with Open-Drain
Logic. PGOOD is pulled to ground when the voltage on the
VEg pinis not within +10% of its set point. Disabled during
margining and during slave mode operation (Vg tied to V).

Vg (Pin29): Inputto the erroramplifier that compares the
feedback voltage to the internal 0.6V reference voltage.
This pin is normally connected to a resistive divider from
the output voltage. In PolyPhase operation, tying Vgg to
SV disables its owninternal error amplifier and connects
the master’s |ty voltage to its current comparator.

TRACK (Pin 30): Track Input Pin. This allows the user to
control the rise time of the output. Putting a voltage below
0.57V on this pin bypasses the reference input into the
error amplifier and servos the Vg pin to the TRACK
voltage. Above 0.57V, the tracking function stops and the
internal reference again controls the error amplifier. Dur-
ing shutdown, if TRACK is not tied to SV then TRACK’s
voltage needs to be below 0.18V before the chip shuts
down even though RUN is already low. Do not float this pin.

Ity (Pin 32): Error Amplifier Output and Switching Regu-
lator Compensation Point. The currentcomparator’s thresh-
old increases with this control voltage. The normal voltage
range of this pin is from 0V to 1.5V. It’s also the positive
input to the internal Iy differential amplifier. Tying Ity to
SV enables the internal compensation.

Itym (Pin33): Negative Inputto the Internal Iy Differential
Amplifier. Tie this pin to SGND for single phase operation.
For PolyPhase, tie the master’s ltyy to SGND while
connecting all of the Ity pins together.

SViy (Pin 34): Signal Input Voltage. Connect this pin to
PV|y through a 1Q and 0.1uF low pass filter.

RUN (Pin 37): Run Control Input. Tying this pin above
1.5V turns on the part.

CLKOUT (Pin 38): Output Clock Signal for PolyPhase
Operation. The phase of CLKOUT is determined by the
state of the PHMODE pin.

EXPOSED PAD (Pin 39): Power Ground. Must be con-
nected to electrical ground on PCB.

o
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OPERATION

Main Control Loop

The LTC3415 is a constant frequency, current mode, mono-
lithic step down regulator. In normal operation, the internal
top P-Channel power MOSFET turns on each cycle when the
oscillator sets the RS latch, and turns off when the current
comparator Igomp resets the RS latch. The peak inductor
currentatwhich loonp resets the RS latch is controlled by the
voltage on the Iy pin, which is the output of error amplifier
EA. The FB pin allows EA to receive an output feedback
voltage from an external resistive divider. When the load
currentincreases, it causes a slight decrease in the feedback
voltage relative to the 0.596V reference, which in turn causes
Ity voltage to increase until the average inductor current
matches the new load current. While the top P-Channel
power MOSFET is off, the bottom N-Channel power MOSFET
is turned on until either the inductor current starts to re-
verse, as indicated by the current reversal comparator
Ircimip, O the beginning of the next cycle.

The main control loop is shut down by pulling the RUN pin
below 1.5V (V1rack = SV||\| or Vrrack < 0.18V). Tying RUN
higherthan 1.5V allows operationto begin. To control the rise
time of the output, a voltage ramp can be applied to the
TRACK pin. The FB voltage will servo to the TRACK voltage
until TRACK goes above 0.57V, whichis when PGOOD is high
and the output is in normal regulation. If TRACK is not used
(tied high), then an internal 100us soft-start will ramp up the
output.

Burst Mode Operation

The LTC3415is capable of Burst Mode operation in which the
power MOSFETs operate intermittently based on load de-
mand, thus saving quiescent current. For applications where
maximizing the efficiency at very light loads is a high priority,
Burst Mode operation should be applied. To enable Burst
Mode operation, simply tie the MODE pin to V,y. During this
operation, the peak current of the inductor is set to approxi-
mately 20% of the maximum peak current value in normal
operation even though the voltage at the Iy pin indicates a
lower value. The voltage at the |ty pin drops when the
inductor’s average current is greater than the load require-
ment. As the Ity voltage drops below 0.2V, the BURST
comparator trips, causing the internal sleep line to go high
and turn off both power MOSFETSs.

In sleep mode, the internal circuitry is partially turned off,
reducing the quiescent current to about 450uA. The load
current is now being supplied from the output capacitor.
When the output voltage drops, causing Ity to rise above
0.25V, the internal sleep line goes low, and the LTC3415
resumes normal operation. The next oscillator cycle will turn
on the top power MOSFET and the switching cycle repeats.

Pulse-Skipping Mode Operation

In applications where fixed frequency operation, low output
ripple and high efficiency at intermediate current is desired,
pulse-skipping mode should be used. Pulse-skipping opera-
tion allows the LTC3415 to skip cycles at low output loads,
thus increasing efficiency by reducing switching current.
Floating the MODE pin or tying it to Vy/2 enables pulse-
skipping operation. This allows discontinuous conduction
mode (DCM) operation down to near the limit defined by the
chip’s minimum on-time (about 100ns). Below this output
current level, the converter will begin to skip cycles in order
to maintain output regulation. Increasing the output load
current slightly, above the minimum required for discontinu-
ous conduction mode, allows constant frequency PWM.

Forced Continuous Operation

In applications where fixed frequency operation is more
critical than low current efficiency, and where the lowest
output ripple is desired, forced continuous operation should
be used. Forced continuous operation can be enabled by
tying the MODE pin to GND. In this mode, inductor current is
allowed to reverse during low output loads, the |y voltage is
in control of the current comparator threshold throughout,
and the top MOSFET always turns on with each oscillator
pulse. During start-up, forced continuous mode is disabled
and inductor current is prevented from reversing until the
LTC3415’s output voltage is in regulation.

Short-Circuit Protection

When the output is shorted to ground, the LTC3415 will drop
cycles to allow the inductor time to decay and prevent the
currentfrom running away. Under this fault condition, the top
P-Channel power MOSFET turns on for a minimum on-time
and is held off for as long as it takes for the inductor current
to decay to a safe level.

3415f
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OPERATION

Output Overvoltage

If the LTC3415’s output voltage exceeds the regulation
point by 10%, which is reflected as a Vg voltage of 0.66V
or above, the LTC3415 will attempt to bring back to
regulation by shutting off the top P-Channel power MOSFET
and turning on the bottom N-Channel power MOSFET for
as long as needed to lower Vqy1. However, if the reverse
current flowing from Vgyr back through the bottom
N-Channel power MOSFET to PGND is greater than 7A, the
INEGLIM comparator trips and shuts off the bottom
N-Channel power MOSFET to protect it from being de-
stroyed. This scenario can happen whenthe LTC3415tries
to start into a pre-charged load, which could trigger the
overvoltage comparator during the time the LTC3415’s
internal reference is powering up. As a result, the bottom
switch turns on until the amount of reverse current trips
the INEGLIM comparator threshold.

Multiphase Operation

For output loads that demand more than 7A of current,
multiple LTC3415s can be cascaded to run out of phase to

provide more output current without increasing input and
0

output voltage ripple. The CLKIN pin allows the LTC3415
tosynchronize to an external clock (between 0.75MHz and
2.25MHz) and the internal phase-locked-loop allows the
LTC341510 lock onto CLKIN’s phase as well. The CLKOUT
signal can be connected to the CLKIN pin of the following
LTC3415 stage to line up both the frequency and the phase
of the entire system. Tying the PHMODE pin to SV,
SGND, or SV|\/2 (floating) generates a phase difference
(between CLKIN and CLKOUT) of 180 degrees, 120 de-
grees, or 90 degrees respectively, which corresponds to
2-phase, 3-phase, or 4-phase operation. A total of 12
phases can be cascaded to run simultaneously out of
phase with respect to each other by programming the
PHMODE pin of each LTC3415 to different levels. For
example, a slave stage that is 180 degrees out of phase
from the master can generate a CLKOUT signal that is 300
degrees (PHMODE = 0) away from the master for the next
stage, which then can generate a CLKOUT signal that’s
420, or 60 degrees (PHMODE = SV|y/2) away from the
master for its following stage. Refer to Figure 2 for
configurations of 2-phase, 3-phase, 4-phase, 6-phase and
12-phase operation.
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Figure 2a. 2-Phase Operation
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Figure 2d. 6-Phase Operation
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Figure 2e. 12-Phase Operation

A multiphase power supply significantly reduces the amount
of ripple current in both the input and output capacitors. The
RMS inputripple currentis divided by, and the effective ripple
frequency is multiplied by, the number of phases used
(assuming that the input voltage is greater than the number
of phases used times the output voltage). The output ripple
amplitude is also reduced by the number of phases used.
Figure 3 graphically illustrates the principle.

The worst-case RMS ripple current for a single stage design
peaks at an input voltage of twice the output voltage. The
worst case RMS ripple current for a two stage design results
inpeak outputs of 1/4and 3/4 ofinput voltage. When the RMS
current is calculated, higher effective duty factor results and
the peak current levels are divided as long as the current in
each stage is balanced. Refer to Application Note 19 for a
detailed description of how to calculate RMS current for the
single stage switching regulator. Figures 4 and 5 illustrate

how the input and output currents are reduced by using an
additional phase. For a 2-phase converter, the input current
peaks drop in half and the frequency is doubled. The input
capacitor requirement is thus reduced theoretically by a
factor of four! Just imagine the possibility of capacitor
savings with even higher number of phases!

SINGLE PHASE DUAL PHASE

SW1V SW1Vv

Sw2v

loin

/

Icout

NN
RIPPLE

3415 F03

Figure 3. Single and 2-Phase Current Waveforms
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Figure 5. Normalized RMS Input Ripple Current vs Duty Factor
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Output Current Sharing

When multiple LTC3415s are cascaded to driveacommon
load, accurate output currentsharing is essential toachieve
optimal performance and efficiency. Otherwise, if one
stage is delivering more current than another, then the
temperature between the two stages will be different, and
that could translate into higher switch Rpg(on), lower
efficiency,and higher RMSrripple. Each LTC3415istrimmed
such that when the Ity pins of multiple LTC3415s are tied
together, the amount of output current delivered from
each LTC3415 is nearly the same.

Differentground potentialsamong LTC3415 stages, caused
by physical distances and ground noises, could cause an
offset to the absolute Ity value seen by each stage. To
ensure that the ground level doesn’t affect the Ity value,

the LTC3415 uses a differential driver that takes as input
not just the Ity pin, but also the Ity pin. The Ity pins of
all the LTC3415 stages should be tied together and then
connected to the SGND at only one point.

Phase-Locked-Loop Operation

In order to synchronize to an external signal, the LTC3415
has an internal phase-locked-loop comprised of an inter-
nal voltage controlled oscillator and phase detector. This
allows the top P-Channel power MOSFET turn-on to be
locked to the rising edge of an external source. The
frequency range of the voltage controlled oscillator is
+50% around the center frequency. Leaving the PLLLPF
pin floating corresponds to a free-running frequency of
approximately 1.5MHz. Tying PLLLPF directly to SV)y
corresponds to 1.33x of center frequency (2MHz) while
tying PLLLPF to ground corresponds to 0.67x of center
frequency (1MHz).

The phase detector used is an edge sensitive digital type
which provides zero degree phase shift between the exter-
nal and internal oscillators. The output of the phase
detector is a complementary pair of current sources
charging or discharging the external filter network on the
PLLLPF pin. See Figure 6.

If the external frequency, CLKIN, is greater than the
oscillator frequency fggg, current is sourced continu-
ously, pulling up the PLLLPF pin. When the external
frequency is less than fggg, current is sunk continuously,
pulling down the PLLLPF pin. If the external and internal
frequencies are the same but exhibit a phase difference,

PHASE
DETECTOR

EXTERNAL
0SC

CLKIN

DIGITAL
PHASE
FREQUENCY
DETECTOR

3415 F06

Figure 6. Phase-Locked-Loop Block Diagram
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the current sources turn on for an amount of time corre-
sponding to the phase difference. Thus the voltage on the
PLLLPF pin is adjusted until the phase and frequency of
the external and internal oscillators are identical. The
CLKIN pin must be driven from a low impedance source
such as alogic gate located close to the pin. The loop filter
components (C.p, R p) smooth out the current pulses
from the phase detector and provide a stable input to the
voltage controlled oscillator. The filter components deter-
mine how fast the loop acquires lock. Typically R; p = 10k
and Cyp is 100pf to 1000pf.

The CLKOUT pin provides a signal to synchronize follow-
ing stages of LTC3415s. Its amplitude is 0 to 2V and its
phase with respect to the internal oscillator (or CLKIN) is
controlled by the PHMODE pin.

Internal/External Ity Compensation

During single phase operation, the user can simplify the
loop compensation by tying the Ity pin to SV)y to enable
internal compensation. This connects an internal 50K
resistor in series with a 50pF cap to the output of the error
amplifier (internal Ity compensation point). This is a
trade-off for simplicity instead of OPTI-LOOP® optimiza-
tion, where Ity components are external and are selected
to optimize the loop transient response with minimum
output capacitance. See Checking Transient Response in
the Applications Information section.

In multiphase operation where all the Ity pins of each
LTC3415 are tied together to achieve accurate load shar-
ing, internal compensation is not allowed. External com-
pensation components need to be properly selected for
optimal transient response and stable operation.

Master/Slave Operation

In multiphase single-output operation, the user has the
option to run in multi-master mode where all the Vg, Itn,
and output pins of the stages are tied to each other. All the
erroramplifiers are effectively operating in parallel and the
total g, of the system is increased by the number of
stages. The Ity value, which dictates how much current s
delivered to the load from each stage, is averaged and
smoothed out by the external Ity compensation compo-
nents. However, in certain applications, the resulting

higher g, from multiple LTC3415s can make the system
loop harder to compensate. In this case, the user can
choose an alternative mode of operation.

The second mode of operation is single-master operation
where only the error amplifier of the master stage is used
while the error amplifiers of the other stages (slaves) are
disabled. The slave’s erroramplifier is disabled by tying its
VEg pin to SV, which also disables the internal over-
voltage comparator and power-good indicator. The
master’s error amplifier senses the output through its Veg
pin and drives the Ity pins of all the stages. To account for
ground voltage differences among the stages, the user
should tie all Ityy pins together and then tie it to the
master’s signal ground. As a result, not only is it easier to
doloop compensation, this single-master operation should
also provide for more accurate current sharing among
stages because it prevents the error amplifier’s output
(Ity) of each stage from interfering with that of another
stage.

Spread Spectrum Operation

Switching Regulators can be particularly troublesome
where electromagnetic interference (EMI) is concerned.
Switching regulators operate on a cycle-by-cycle basis to
transfer power to an output. In most cases, the frequency
of operation is fixed or is a constant based on the output
load. This method of conversion creates large compo-
nents of noise at the frequency of operation (fundamental)
and multiples of the operating frequency (harmonics).

To reduce this noise, the LTC3415 can run in spread
spectrum operation by tying the CLKIN pin to SVjy. In
spread spectrum operation, the LTC3415’s internal oscil-
lator is designed to produce a clock pulse whose period is
random on a cycle-by-cycle basis but fixed between 70%
and 130% of the nominal frequency. This has the benefit
of spreading the switching noise over a range of frequen-
cies, thus significantly reducing the peak noise. Figures 7
and 8 show how the spread spectrum feature of the
LTC3415 significantly reduces the peak harmonic noise vs
free-running constant frequency operation. Spread spec-
trum operation is disabled if CLKIN is tied to ground or if
it's driven by an external frequency synchronization signal.

OPTI-LOOP is a registered trademark of Linear Technology Corporation.
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Figure 7. LTC3415’s Output Noise Spectrum Analysis in
Free-Running Constant Frequency Operation
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Figure 8. LTC3415’s Output Noise Spectrum Analysis in Spread
Spectrum Operation

Dropout Operation

When the input supply voltage decreases toward the
output voltage, the duty cycle will increase toward the
maximum on-time. Further reduction of the supply volt-
age forces the P-Channel power MOSFET to remain on for
more than one cycle until it reaches 100% duty cycle. The
output voltage will then be determined by the input voltage
minus the voltage drop across the P-Channel power
MOSFET and the inductor.

Slope Compensation and Inductor Peak Current

Slope compensation provides stability by preventing sub-
harmonic oscillations. It works by internally adding a ramp
to the inductor current signal at duty cycles in excess of
30%. This causes the internal current comparator to trip

earlier. The Ity clamp is also reached earlier than condi-
tions in which the duty cycle is below 30%. As a result,
the maximum inductor peak current is lower for higher
duty cycle operations.

To compensate for this loss in maximum inductor peak
current during high duty cycles, the LTC3415 uses a
patented scheme that raises the Ity clamp level (propor-
tional to the amount of slope compensation) when the
duty cycle is greater than 30%.

Minimum On-Time Considerations

Minimum on-time, tonmin), is the smallest amount of
time that the LTC3415 is capable of turning the top
P-Channel power MOSFET on and off again. It is deter-
mined by the internal timing delays. The minimum on-time
forthe LTC3415 is about 100ns. Low duty cycle and high
frequency applications may approach this minimum on-
time limit and care should be taken to ensure that:

Vout
(feVin)

If the duty cycle falls below what can be accommodated by
the minimum on-time, the LTC3415 will begin to skip
cycles. The output voltage will continue to be regulated,
but the ripple current and ripple voltage will increase.

tonviny <

If an application can operate close to the minimum on-
time limit, an inductor must be chosen that has low
enough inductance to provide sufficient ripple amplitude
to meet the minimum on-time requirement. As a general
rule, keep the inductor ripple current equal or greater than

30% of the loyt(max) at Vinmax)-

Output Margining

For a convenient system stress test on the LTC3415’s
output, the user can program the LTC3415’s output to
5%, +10% or +15% of its normal operational voltage.

The MGN pin, when left floating, allows normal operation.
When the MGN pin is low, it forces negative margining, in
which the output voltage is below the regulation point.
When MGN is high, the output voltage is forced to above
the regulation point. The amount of output voltage mar-
gining is determined by the BSEL pin. When BSEL is low,

3415f
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it's 5%. When BSEL is high, it's 10%. When BSEL is
floating, it's 15%. When margining is active, the internal
output overvoltage and undervoltage comparators are
disabled and PGOOD remains high.

Output Power-Good

When the LTC3415’s output voltage is within a £10%
window of the regulation point, which is reflected back as
a Vgg voltage in the range of 0.54V to 0.66V, the output
voltage is good and the PGOOD pin is pulled high with the
external resistor.

Otherwise, an internal open-drain pull down device (20Q)
will pull the PGOOD pin low. In certain computer systems
today, the PGOOD pin is used as a resetting signal while
the output voltage is dynamically changed from one level
to another. To prevent unwanted power resetting during
outputvoltage changes, the LTC3415’s PGOOD falling and
rising edges include a blanking delay equivalent to ap-
proximately 10us per every volt of V.

Output Voltage Programming
The output voltage is set by an external resistive divider
according to the following equation:

VOUT =0.596V '(1+%]

The resistive divider allows pin Vg to sense a fraction of
the output voltage as shown in Figure 9.

Vout

—

SR Crr

Vrs
LTC3415 SRi
SGND

Figure 9. Setting the Output Voltage

Output Tracking and Sequencing

Some microprocessor, ASIC and DSP chips need two
power supplies with different voltage levels. These sys-
tems often require voltage sequencing between the core
power supply and the 1/0 power supply. Without proper
sequencing, latch-up failure or excessive current draw
may occur that could result in damage to the processor’s
/0 ports or the I/0 ports of supporting system devices
such as memory, FPGAs or data converters. To ensure
that the 1/0 loads are not driven until the core voltage is
properly biased, tracking of the core supply voltage and
the I/0 supply voltage is necessary.

Voltage tracking is enabled by applying a voltage to the
TRACK pin. When the voltage on the TRACK pin is below
0.57V, the feedback voltage will regulate to this tracking
voltage. When the tracking voltage exceeds 0.57V, track-
ing is disabled and the feedback voltage will regulate to the
internal reference voltage.

Voltage Tracking

The LTC3415 allows the user to program how its output
voltage ramps during start-up by means of the TRACK pin.
Through this pin, the output voltage can be set up to either
coincidentally or ratiometrically track another output volt-
age as shown in Figure 10.

If the voltage on the TRACK pin s less than 0.57V, voltage
tracking is enabled. During voltage tracking, the output
voltage is regulated by the tracking voltage through a
resistive divider network. The output voltage during track-
ing can be calculated with the following equation:

R2
Vout = VTRAcK (1+mjaVTRACK <0.57V

Voltage tracking can be accomplished by sensing a frac-
tion of the output voltage from another regulator. This is
typically done by using a resistive divider to attenuate the
output voltage that is being tracked. Setting this resistive
divider equal to the feedback resistive divider will force the
regulator outputs to be equal to each other during track-
ing. If tracking is not desired, connect the TRACK pin to
SV|y. Do not leave the TRACK pin floating. To implement
the coincident tracking shown in Figure 10a, connect an

3415f
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Figure 10. Two Different Modes of Output Voltage Sequencing
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Figure 11. Setup for Tracking and Ratiometric Sequencing

extra resistive divider to the output of Vgoyt2 and connect
its midpoint to the TRACK pin of the LTC3415 as shown in
Figure 11. The ratio of this divider should be selected the
sameas that of Voyry's resistive divider. Toimplement the
ratiometric sequencing in Figure 10b, no extra resistive
divider is necessary. Simply connect the TRACK pinto Vg
of the master.

An alternative method of tracking is shown in Figure 12.
Forthe circuit of Figure 12, the following equations can be
used to determine the resistor values:

R2
Vout1=0.596V | 1+ —

VouTa = 0.596V (1+ R4+R5]

R3

R4=R3 [—VOUW - 1)
Vour

During ramp down of the output, if the TRACK pin is not
tied to Vyy, then the LTC3415 will maintain normal opera-
tion even though the RUN pin is programmed low. Only
when the TRACK pinis below 0.18V will the RUN signal be
gated through internally and shut down the part. This way,

coincident tracking and ratiometric sequencing of the two
outputs are accomplished during both start-up and shut-
down. An output current load, however, needs to be
present during this time in order to discharge the output
because when TRACK is below 0.57V, forced continuous
operationis notallowed and inductor current, therefore, is
prevented from going negative.

For applications that do not require tracking or sequenc-
ing, simply tie the TRACK pinto SV to let RUN control the
turn on/off of the LTC3415. Connecting TRACK to SV
also enables the ~100us of internal soft-start during

start-up. Vours
£
R4
Vis
LTC3415 R3
SGND
Vouri
R2
—] TRACK VrB
LTC3415 R1
SGND
3415 F12

Figure 12. Dual Voltage System with Tracking
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Ciy and Cqyt Selection

The input capacitance, Cyy, is needed to filter the trapezoi-
dal wave current at the source of the top MOSFET. To
preventlarge voltage transients from occurring, alow ESR
input capacitor sized for the maximum RMS current
should be used. The maximum RMS current is given by:

V Y/
lrms = louTvax) % ﬁ—1

This formula has a maximum at Vyy = 2Vgyt, where lrpms
= lgy7/2. This simple worst-case condition is commonly
used for design because even significant deviations do not
offer much relief. Note that ripple current ratings from
capacitor manufacturers are often based on only 2000
hours of life which makes it advisable to further derate the
capacitor, or choose a capacitor rated ata higher tempera-
ture than required.

Several capacitors may also be paralleled to meet size or
height requirements in the design. For low input voltage
applications, sufficient bulk input capacitance is needed to
minimize transient effects during output load changes.

The selection of Coyt is determined by the effective series
resistance (ESR) that is required to minimize voltage
ripple and load step transients as well as the amount of
bulk capacitance that is necessary to ensure that the
control loop is stable. Loop stability can be checked by
viewing the load transient response. The output ripple,
AVour, is determined by:

1
AVpt < Al | ESR
ot L( " 8fCOUTj

The output ripple is highest at maximum input voltage
since Al increases with input voltage. Multiple capacitors
placed in parallel may be needed to meet the ESRand RMS
currenthandling requirements. Dry tantalum, special poly-
mer, aluminum electrolytic, and ceramic capacitors are all
available in surface mount packages. Special polymer
capacitors offer very low ESR but have lower capacitance
density than other types. Tantalum capacitors have the
highest capacitance density but it is important to only use

types that have been surge tested for use in switching
power supplies. Aluminum electrolytic capacitors have
significantly higher ESR, but can be used in cost-sensitive
applications provided that consideration is given to ripple
current ratings and long term reliability. Ceramic capaci-
tors have excellent low ESR characteristics and small
footprints. Their relatively low value of bulk capacitance
may require multiples in parallel.

Using Ceramic Input and Output Capacitors

Higher values, lower cost ceramic capacitors are now
becoming available in smaller case sizes. Their high ripple
current, high voltage rating and low ESR make them ideal
for switching regulator applications. However, care must
be taken when these capacitors are used at the input and
output. When a ceramic capacitor is used at the input and
the poweris supplied by awall adapter through long wires,
aload stepatthe outputcaninduce ringing atthe Vjyinput.
At best, this ringing can couple to the output and be
mistaken as loop instability. At worst, a sudden inrush of
current through the long wires can potentially cause a
voltage spike at Vyy large enough to damage the part.

When choosing the input and output ceramic capacitors,
choose the X5R or X7R dielectric formulations. These
dielectrics have the best temperature and voltage charac-
teristics of all the ceramics for a given value and size.

Inductor Selection

Given the desired input and output voltages, the inductor
value and operating frequency determine the ripple current:

Vour Vour
Al = 1-
) ( fL j( Vi
Lower ripple current reduces cores losses in the inductor,
ESR losses in the output capacitors, and output voltage
ripple. Highest efficiency operation is obtained at low
frequency with small ripple current. However, achieving

this requires a large inductor. There is a tradeoff between
component size, efficiency, and operating frequency.

A reasonable starting point is to choose a ripple current
that is about 40% of loyr(wax). Note that the largest ripple
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current occurs at the highest V. To guarantee that ripple
current does not exceed a specified maximum, the induc-
tance should be chosen according to:

Lo Vour Jf4_ Vour
fAlL (vax) Vingwax)
Once the value for Lis known, the type of inductor must be
selected. Actual core loss is independent of core size for
a fixed inductor value, but is very dependent on the
inductance selected. As the inductance increases, core
losses decrease. Unfortunately, increased inductance re-

quires more turns of wire and therefore copper losses will
increase.

Ferrite designs have very low core losses and are preferred
at high switching frequencies, so design goals can con-
centrate on copper loss and preventing saturation. Ferrite
core material saturates “hard,” which means that induc-
tance collapses abruptly when the peak design current is
exceeded. This results in an abrupt increase in inductor
ripple current and consequent output voltage ripple. Do
not allow the core to saturate!

Different core materials and shapes will change the size/
current and price/current relationship of an inductor.
Toroid or shielded pot cores in ferrite or permalloy mate-
rials are small and don’t radiate much energy, but gener-
ally cost more than powdered iron core inductors with
similar characteristics. The choice of which style inductor
to use mainly depends on the price versus size require-
ments and any radiated field/EMI requirements. New
designs for surface mount inductors are available from
Coiltronics, Coilcraft, Toko, and Sumida.

Checking Transient Response

The OPTI-LOOP compensation allows the transient re-
sponse to be optimized for a wide range of loads and
output capacitors. The availability of the Ity pin not only
allows optimization of the control loop behavior but also
provides a DC coupled and AC filtered closed loop re-
sponsetest point. The DC step, rise time and settling at this
test point truly reflects the closed loop response. Assum-
ing a predominantly second order system, phase margin
and/or damping factor can be estimated using the percent-

age of overshoot seen at this pin. The bandwidth can also
be estimated by examining the rise time at the pin.

The |ty external components shown in the Figure 12
circuit will provide an adequate starting point for most
applications. The series R-C filter sets the dominant pole-
zero loop compensation. The values can be modified
slightly (from 0.5 to 2 times their suggested values) to
optimize transient response once the final PC layout is
done and the particular output capacitor type and value
have been determined. The output capacitors need to be
selected because their various types and values determine
the loop feedback factor gain and phase. An output current
pulse 0of 20% to 100% of full load current having arise time
of 1us to 10us will produce output voltage and Ity pin
waveforms that will give a sense of the overall loop
stability without breaking the feedback loop.

Switching regulators take several cycles to respond to a
step in load current. When a load step occurs, Vourt
immediately shifts by an amount equal to Al gap ® ESR,
where ESR is the effective series resistance of Coyr.
Al oap also begins to charge or discharge Coyt generat-
ing a feedback error signal used by the regulator to return
Vout to its steady-state value. During this recovery time,
Vout can be monitored for overshoot or ringing that would
indicate a stability problem.

The initial output voltage step may not be within the
bandwidth of the feedback loop, so the standard second
order overshoot/DC ratio cannot be used to determine
phase margin. The gain of the loop increases with the R
and the bandwidth of the loop increases with decreasing
C.IfRisincreased by the same factor that C is decreased,
the zero frequency will be kept the same, thereby keeping
the phase the same in the most critical frequency range of
the feedback loop. In addition, a feed forward capacitor Cg
can be added to improve the high frequency response, as
shown in Figure 9. Capacitor Cr provides phase lead by
creating a high frequency zero with R2 which improves the
phase margin.

The output voltage settling behavior is related to the
stability of the closed-loop system and will demonstrate
the actual overall supply performance. For a detailed
explanation of optimizing the compensation components,
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including a review of control loop theory, refer to Linear
Technology Application Note 76.

Although a buck regulator is capable of providing the full
output current in dropout, it should be noted that as the
input voltage V,y drops toward Vgyr, the load step capa-
bility does decrease due to the decreasing voltage across
the inductor. Applications that require large load step
capability near dropout should use a different topology
such as SEPIC, Zeta, or single inductor, positive buck/boost.

In some applications, a more severe transient can be
caused by switching in loads with large (>10uF) input
capacitors. The discharged input capacitors are effectively
putin parallel with Coyr, causing a rapid drop in Vgyr. No
regulator can deliver enough current to prevent this prob-
lem, if the switch connecting the load has low resistance
and is driven quickly. The solution is to limit the turn-on
speed of the load switch driver. A Hot Swap™ controller is
designed specifically for this purpose and usually incorpo-
rates current limiting, short-circuit protection, and soft-
starting.

Efficiency Considerations

The percent efficiency of a switching regulator is equal to
the output power divided by the input power times 100%.
It is often useful to analyze individual losses to determine
what is limiting the efficiency and which change would
produce the mostimprovement. Percent efficiency can be
expressed as:

% Efficiency = 100% - (L1+L2+13+...)

where L1, L2, etc. are the individual losses as a percentage
of input power.

Although all dissipative elements in the circuit produce
losses, four main sources usually account for most of the
losses in LTC3415 circuits: 1) LTC3415 Vy current, 2)
switching losses, 3) I2R losses, 4) other losses.

1) The Vy current is the DC supply current given in the
Electrical Characteristics which excludes MOSFET driver
and control currents. V,y current results in a small
(<1%) loss that increases with V)y, even at no-load.

2) The switching current is the sum of the MOSFET driver
and control currents. The MOSFET driver current re-
sults from switching the gate capacitance of the power
MOSFETSs. Each time a MOSFET gate is switched from
low to high to low again, a packet of charge dQ moves
from Vjy to ground. The resulting dQ/dt is a current out
of V| that is typically much larger than the DC bias
current. In continuous mode, Igatecug = f (QT + QB),
where QT and QB are the gate charges of the internal top
and bottom MOSFET switches and f is the operating
frequency. The gate charge losses are proportional to
Viy and thus their effects will be more pronounced at
higher supply voltages and higher switching
frequencies.

3) IR losses are calculated from the DC resistances of the
internal switches, Rgw, and external inductor, R. In
continuous mode, the average output current flows
through inductor L but is “chopped” between the inter-
nal top and bottom switches. Thus, the series resis-
tance looking into the SW pin is a function of both top
and bottom MOSFET Rps gy and the duty cycle (DC) as
follows:

Rsw = (Rps(ony TOP)(DC) + (Rps(on)BOT)(1-DC)

The Rpg(on) for both the top and bottom MOSFETs can
be obtained from the Typical Performance Characteris-
tics curves. Thus, to obtain I2R losses:

2R losses = lgyt2(Rsw + RL)

4) Other “hidden” losses such as copper trace and internal
battery resistances can account for additional effi-
ciency degradations in portable systems. It is very
important to include these “system” level losses in the
design of a system. The internal battery and fuse
resistance losses can be minimized by ensuring that
Ciy has adequate charge storage and very low ESR at
the switching frequency. Other losses including diode
conduction losses during dead-time and inductor core
losses generally account for less than 2% total addi-
tional loss.

Hot Swap is a trademark of Linear Technology Corporation.
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Thermal Considerations

In the majority of applications, the LTC3415 does not
dissipate much heat due to its high efficiency. However, in
applications where the LTC3415 is running at high ambi-
ent temperature with low supply voltage and high duty
cycles, suchasindropout, the heat dissipated may exceed
the maximum junction temperature of the part. If the
junction temperature reaches approximately 150°C, both
power switches will be turned off and the SW node will
become high impedance.

To avoid the LTC3415 from exceeding the maximum
junction temperature, the user will need to do some
thermal analysis. The goal of the thermal analysis is to
determine whether the power dissipated exceeds the
maximum junction temperature of the part. The tempera-
ture rise is given by:

Trise = Pp ® 6ya
where Pp is the power dissipated by the regulator and 0

is the thermal resistance from the junction of the die to the
ambient temperature.

The junction temperature, T, is given by:

Ty =Trise + TAMBIENT

As an example, consider the case when the LTC3415 is in
dropout at an input voltage of 3.3V with a load current of
5A. From the Typical Performance Characteristics graph
of Switch Resistance, the Rpg(on) resistance of the P-
channel switchis 0.03. Therefore, power dissipated by the
part is:

Pp=12e Ros(on) = 750mW
The QFN 5mm x 7mm package junction-to-ambient ther-
mal resistance, 0,a, is around 34°C/W. Therefore, the

junction temperature of the regulator operating in a 50°C
ambient temperature is approximately:

Ty=0.75+34 + 50 = 75.5°C

Remembering that the above junction temperature is
obtained from an Rpg o) at 25°C, we might recalculate
the junction temperature based on a higher Rpg(on) since
it increases with temperature. However, we can safely
assume that the actual junction temperature will not
exceed the absolute maximum junction temperature of
125°C. Solder the LTC3415’s bottom exposed pad to
ground for optimal thermal performance.

Board Layout Considerations

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of the
LTC3415. Check the following in your layout:

1) Do the capacitors Gy connect to the power PV)y and
power PGND as closely as possible? These capacitors
provide the AC current to the internal power MOSFETs
and their drivers.

2) Arethe Coyrand L1 closely connected? The (-) plate of
Coyt returns current to PGND and the (=) plate of Cjy.

3) The resistive divider, R1 and R2, must be connected
between the (+) plate of Coyt and a ground line termi-
nated near SGND. The feedback signal Vgg should be
routed away from noisy components and traces, such
as the SW line, and its trace should be minimized.

4) Keep sensitive components away from the SW pin. The
input capacitor Gy, the compensation capacitor Cg and
Cith and all the resistors R1, R2, R¢ should be routed
away from the SW trace and the inductor L1.

5) Aground planeis preferred, butif notavailable, keep the
signal and power grounds segregated with small signal
components returning to the SGND pin at one point
which is then connected to the PGND pin.

Flood all unused areas on all layers with copper. Flooding
with copper will reduce the temperature rise of power
components. These copper areas should be connected to
one of the input supplies: PV,y, PGND, SV,y, or SGND.
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APPLICATIONS INFORMATION

Design Example

As a design example, consider using the LTC3415 in an
application with the following specifications:

Vin = 3.3V, Voyr = 1.8V, loyt(max) = 7A,
lout(viny = 500mA, f = 1.5MHz

Because efficiency is important at both high and low load
current, Burst Mode operation or pulse-skipping opera-
tion will be utilized. First calculate the inductor value for
about 40% ripple current at maximum Vjy:

Coyt Will be selected based on the ESR that is required to
satisfy the output voltage ripple requirement and the bulk
capacitance needed for loop stability. For this design, two
100uF ceramic capacitors will be used.

Cin should be sized for a maximum current rating of:

lais = 7A(2.5V) 4.2V

———1=3.43A

4.2V )N 2.5V

Decoupling the PV,y pins with three 47uF ceramic capaci-
tors is adequate for most applications.

L 1.8V 1 1.8V 0.2uH
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— 0.1uF éu)
<
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J—g%\‘f 1 38 (37 s |s5 |34 [33 a2 L
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$ 1
e e L 15k
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Figure 13. 3.3V to 1.8V/7A Application

3415f

19



LTC3415
TYPICAL APPLICATIONS

Dual LTC3415 Dual Output Sequencing Application
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Dual LTC3415 Dual Output Tracking Application
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PACKAGE DESCRIPTION

UHF Package
38-Lead Plastic QFN (5mm x 7mm)
(Reference LTC DWG # 05-08-1701)
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LTC3415

PART NUMBER DESCRIPTION COMMENTS
LTC3404 600mA Igyr, 1.4MHz, Synchronous Step-Down DC/DC Converter | 95% Efficiency, Viy: 2.7V to 6V, Voyriny = 0.8V, Ig = 10uA,

Isp = <1uA, MS8 Package

LTC3405/ 300mA Igyr, 1.5MHz, Synchronous Step-Down DG/DC Converter | 95% Efficiency, Viy: 2.5V to 5.5V, Voyrminy = 0.8V, lg = 20uA,
LTC3405A Isp = <1pA, ThinSOT Package
LTC3406/ 600mA Igyr, 1.5MHz, Synchronous Step-Down DG/DC Converter | 96% Efficiency, Viy: 2.5V to 5.5V, Voyrminy = 0.6V, lg = 20uA,
LTC3406B Isp = <1pA, ThinSOT Package
LTC3407 Dual 600mA lgyr, 1.5MHz, Synchronous Step-Down 95% Efficiency, Viy: 2.5V to 5.5V, Voyr(miny = 0.6V, I = 40uA,
DC/DC Converter Isp = <1uA, MS10E Package
LTC3411 1.25A lgyT, 4MHz, Synchronous Step-Down DC/DC Converter 95% Efficiency, Viy: 2.5V to 5.5V, Voyr(miny = 0.8V, I = 60uA,
Isp = <1uA, MS10 Package
LTC3412 2.5A lgyt, 4MHz, Synchronous Step-Down DC/DC Converter 95% Efficiency, Viy: 2.5V to 5.5V, Voyriny = 0.8V, lg = 60uA,
Isp = <1uA, TSSOP16E
LTC3413 3A lgyt Sink/Source, 2MHz, Monolithic Synchronous Regulator 90% Efficiency, Viy: 2.25V to 5.5V, Voutminy = VRer2,
for DDR/QDR Memory Termination Iq =280pA, Isp = <1uA, TSSOP16E Package
LTC3414 4A loyt, 4MHz, Synchronous Monolithic Step-Down 95% Efficiency, Viy: 2.25V t0 5.5V, Voyrminy = 0.8V, I = 64pA,
Regulator Isp = <1uA, TSSOP20E Package
LTC3416 4A loyt, 4MHz, Synchronous Monolithic Step-Down 95% Efficiency, Viy: 2.25V t0 5.5V, Voyrminy = 0.8V, lg = 64pA,
Regulator with Tracking Isp = <1uA, TSSOP20E Package
LTC3418 8A loyt, 4MHz, Synchronous Monolithic Step-Down Regulator Vin: 2.25V t0 5.5V, Voyrminy = 0.8V, Smm x 7mm GFN Package
LTC3425 5A lgyt, 8MHz, 4-Phase Synchronous Step-Up DC/DC Converter | 95% Efficiency, Viy: 0.5V to 4.5V, Voyr(max) = 5.25V, Ig = 12uA,
Isp = <1pA, QFN Package
LTC3428 4A 1gyt, 2MHz, Dual Phase Step-Up DC/DC Converter 92% Efficiency, Viy: 1.6V to 4.5V, Voyrmax) = 5.25V,
lqg=1.3mA, Isp = <1uA, DFN Package
L T3430 60V, 2.75A lgyt, 200kHz, High Efficiency Step-Down 90% Efficiency, Viy: 5.5V to 60V, Voyrminy = 1.20V, Ig = 2.5mA,
DC/DC Converter Isp = 25uA, TSSOP16E Package
LTC3440 600mA lgyt, 2MHz, Synchronous Buck-Boost DC/DC Converter 95% Efficiency, Viy: 2.5V t0 5.5V, Voyrminy = 2.5V, Ig = 25pA,
Isp = <1uA, MS-10 Package
LTM4600 10A, DC/DC uModule Complete Synchronous Power Supply in LGA; 4.5V < V) < 28V;

15mm x 15mm x 2.8mm LGA
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