FEATURES

Wide Input Voltage Range: 3.2V to 36V
(40V Transient)

Three Outputs: 2A, 1A, 1A

100% Duty Cycle Operation
Resistor-Programmed Constant Frequency
Short-Circuit Robust

Wide SYNC Range: 350kHz to 2.2MHz
Anti-Phase Switching Reduces Ripple
Feedback Voltage: 800mV

Independent Run/Soft-Start Pins

Shutdown with UVLO

Internal Compensation

Thermal Shutdown

Tiny 28-Lead (4mm x 5mm) Thermally Enhanced
QFN Package

24-Lead Exposed Pad TSSOP

APPLICATIONS

Automotive Battery Regulation
Industrial Control Supplies
Wall Transformer Regulation
Distributed Supply Regulation

| t /\D 113514

TECHNOLOGY' Triple Step-Down Switching

Regulator with 100%
Duty Cycle Operation
DESCRIPTION

The LT®3514 consists of three buck regulators (2A, 1A,
1A output current). The device has a wide operating input
range of 3.2V to 36V. An on-chip boost regulator allows
eachchannelto operate up to 100% duty cycle. The LT3514
is designed to minimize external component count and
results in a simple and small application circuit.

The LT3514 operates robustly in fault conditions. Cycle-
by-cycle peak current limit and catch diode current limit
sensing protect the IC during overload conditions. Ther-
mal shutdown protects the power switches at elevated
temperatures. Soft-start helps control the peak inductor
current during startup.

The LT3514 also features output voltage tracking and
sequencing, programmable frequency, programmable
undervoltage lockout, and a power good pin to indicate
when all outputs are in regulation.

The LT3514 has one fewer channel (CH2) than the LT3504,
and has one channel (CH3) that outputs 2A instead of 1A.
The LT3514 in QFN is pin compatible with the LT3504. The
LT3504 provides four 1A outputs.

ALY, LT, LTC, LTM, Linear Technology, the Linear logo and Burst Mode are registered trademarks
of Linear Technology Corporation. All other trademarks are the property of their respective
owners.

TYPICAL APPLICATION

Triple Buck Regulator

LT3514 Start-Up and Shutdown

Waveform. Vy (Top Trace) Is Ramped
from OV Up to 8V and Then Back Down
to OV. The Other Three Traces Are the

100ms/DIV

3.3uH
I e sl T%TNOF’F 18V1A - Output Voltages of All Three Channels
12.7k 224F
1uF :
gwuH wrss14 OFF [ 1 o‘éq
Vi | v Vi 1V/DIV
5.4V T0 20V Vin 4.7pH = / 5V CHANNEL BEGINS
TRANSIENTTO 40V —L— 15F Vin Sw3 poes 3.3V/2A 100% DC OPERATION —|
B EN/UVLO P / N
L : 31.6k 47yF 3.3V CHANNEL BEGINS—{ GH4 1V/DIV
rc— e s | 10.2k \\ 100% DC OPERATION
FB3 Y i i i
RUN/SS1 82 = UVLO = ~2.9v _| CH3 1V/DIV
RUN/SS3  SWA o™ SVAA ~—1 PARTS SHUTS
RUN/SS4 OFF -
J 536k 224F \ CH1 1V/DIV
470F DA4 | 10.2k \
RT/SYNC  FB4 A/
18.2 =
1MHz GND 3514 TAOTD

3514f

LY N

For more information www.linear.com/LT3514


http://www.linear.com/LT3514
http://www.linear.com/LT3514

LT3514

ABSOLUTE MAXIMUM RATINGS

(Note 1)
ENJUVLO ... A0V PG 25V
EN/UVLO Pin ADOVE ViN..vvvveeeiieieciceeeeeees 5V Operating Junction Temperature Range (Notes 2, 7)
VN oottt 40V LT3514EUFD ..., -40°C to 125°C
SKY e 46V LT3514IUFD ..o, -40°C to 125°C
SWO e A7\ LT35T4EFE ..., -40°C to 125°C
RUN/SS. ...t 6V LT3514IFE ..o -40°C to 125°C
BB ettt 6V  Storage Temperature Range .................. -65°C to 150°C
RT/SYNG ..., 6V
TOP VIEW
TOP VIEW
o821 261125 241 23 Ne [2] === 28] sws
o K i22] ne A3 [3] | I |22] anD
ncf2! | I i sws [4] | | |21 pe
DA3 _3:! : : Eg FB1 sw3 [5] i i [20] FB3
szv?%: i GZ'\?D i :%% (F:\I4D swr L) : G2N5D : il
onfel | | il Rmsvie . | | o
A | swa [8] | i [17] rT/sYNG
swal7] | ______1 8] EnUVLO oad [9] : : 78] EN/UVLO
DA4 _8-'L|"_|"_|"_|"_|"_I€§ RUN/SS3 ne [1] | | [15] Runsss
.9;;0 '1;'2 '1f 'Z’ v [ S———- [74] runssst
=5>828° vy [i2] 3] RUN/SS4
== FE PACKAGE
UFD PACKAGE 24-LEAD PLASTIC TSSOP
28-LEAD (4mm x 5mm) PLASTIC QFN o = 33°CW
034 = 43°C/W EXPOSED PAD (PIN 25) IS GND, MUST BE SOLDERED TO PCB
EXPOSED PAD (PIN 29) IS GND, MUST BE SOLDERED TO PCB
LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LT3514EUFD#PBF LT3514EUFD#TRPBF 3514 28-Lead (4mm x 5mm) Plastic QFN -40°C to 125°C
LT3514IUFD#PBF LT3514IUFD#TRPBF 3514 28-Lead (4mm x 5mm) Plastic QFN —-40°C to 125°C
LT3514EFE#PBF LT3514EFE#TRPBF LT3514FE 24-Lead Plastic TSSOP -40°C to 125°C
LT3514IFE#PBF LT3514IFE#TRPBF LT3514FE 24-Lead Plastic TSSOP —-40°C to 125°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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GLGCTRKHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 12V unless otherwise noted.

SYMBOL CONDITIONS MIN TYP MAX UNITS
EN/UVLO Threshold Voltage Rising ° 1.2 1.44 1.6 \
EN/UVLO Threshold Voltage Hysteresis 110 mV
EN/UVLO Threshold Current Hysteresis VenjuvLo = Measured Rising Threshold — 50mV 1.3 pA
(Note 3)
Internal Vi Undervoltage Lockout 24 2.9 3.2 v
Quiescent Current (Vyy) in Shutdown Vensuvio = 0V 0.01 2 pA
Quiescent Current (Vy) Venuvo = 1V 4 10 pA
Quiescent Current (V) Venuvio = 1.9V, Vrunyss(1,3.4) = Open, 2.7 mA
Vrg(1,3,4) = 0.9V, Vgiy = 17V (Note 4)
Quiescent Current (SKY) Venuvio = 1.9V, Vrunyss(1,3.4) = Open, 4.4 mA
Vrg(1,3,4) = 0.9V, Vgiy = 17V (Note 4)
RUN/SS Pin Source Current VRunsss = OV 1.3 pA
RUN/SS Pin Threshold for Switching Vg =0V 50 100 mV
Feedback Voltage 790 800 810 mV
o 784 800 816 mV
FB Pin Current Vg = Measured Vg (Note 5) ) 15 150 nA
Reference Line Regulation Vi =5V to 40V -0.015 %N
SKY Pin Current Iswy=1Aor Igws = 1A 27 40 mA
SKY Pin Current Isws = 2A 54 80 mA
SKY Voltage above V) Voltage Vsky = Vin 4.85 v
Switching Frequency Rt = 6.34k () 1.8 2.1 2.4 MHz
Rt =18.2k ° 0.85 1 1.15 MHz
Ry = 100k o 200 250 300 kHz
Switching Phase Rr=18.2k 150 180 210 Deg
SYNC Threshold Voltage 1.25 v
SYNC Input Frequency 0.35 2.2 MHz
Switch Current Limit (SW1,4) (Note 6) 1.45 1.75 2.1 A
Switch VCESAT (SW1 ,4) |sw1’ SW4 = 1A 400 mV
Switch Leakage Current (SW1,4) 0.1 2 pA
Catch Diode Current Limit (SW1,4) FB =0V 0.75 1.15 1.33 A
FB = 0.7V 1.0 1.45 1.67 A
Switch Current Limit (SW3) (Note 6) 3 35 4.2 A
Switch Vgesat (SW3) Isws = 2A 400 mV
Switch Leakage Current (SW3) 0.1 4 HA
Catch Diode Current Limit (SW3) FB =0V 1.5 2 2.4 A
FB =0.7V 2.0 2.5 3.0 A
Switch Current Limit (SW5) (Note 6) 220 320 mA
Switch VeEsar (SW5) Isw = 200mA 230 mV
Switch Leakage Current (SW5) 0.1 2 pA
Boost Diode Current Limit (SW5) Vin=5Y 350 450 mA
PG Threshold Offset Vig Rising 65 90 125 mV
PG Hysteresis Vg Rising — Vg Falling 35 mV
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GLGCT“'C“L CHHRHCTGBBTKS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vi = 12V unless otherwise noted.

SYMBOL CONDITIONS MIN TYP MAX UNITS
PG Voltage Output Low Ipg = 250pA 180 300 mV
PG Pin Leakage Vpg =2V 0.01 1 HA

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: The LT3514E is guaranteed to meet performance specifications
from 0°C to 125°C junction temperature. Specifications over the —40°C
to 125°C operating junction temperature range are assured by design,
characterization and correlation with statistical process controls. The
L3514l is guaranteed over the full -40°C to 125°C operating junction
temperature range.

Note 3: Current flows into pin.

Note 4: The V) pin quiescent current and the SKY pin quiescent current
are specified in the Electrical Characteristics table. However, the quiescent

current for an application circuit is higher than the sum of these two
currents because the SKY voltage is higher than V)y, and there are power
losses in the boost regulator. See the Typical Performance Characteristics
section for a plot of input quiescent current vs input voltage for a typical
application.

Note 5: Current flows out of pin.

Note 6: Current limit is guaranteed by design and/or correlation to static
test. Slope compensation reduces current limit at higher duty cycles.

Note 7: This IC includes overtemperature protection that is intended

to protect the device during momentary overload conditions. Junction
temperature will exceed 125°C when overtemperature protection is active.
Continuous operation above the specified maximum operating junction
temperature may impair device reliability.

TVPICHL PGBFOBI’I’IHI’ICE CHHBHCTGRISTICS Ta = 25°C, unless otherwise noted.
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T'I'PICHL PEBFOﬂmm\CE CHHRHCTGRISTICS Ta = 25°C, unless otherwise noted.
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T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.
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TVPICHL PGBFOﬂmﬂﬂCE CHHRHCTGGISTICS Tp = 25°C, unless otherwise noted.
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TVP'CHL PEBFOﬂmﬂﬂCG CHﬂﬂﬂCTGﬁISTICS Tp = 25°C, unless otherwise noted.

Operating Waveforms,
Discontinuous Mode

SWi1
10V/DIV

SW3
10V/DIV

Sw4
10V/DIV

500ns/DIV 3514629
louT1,3,4 = 40mMA
Vour1,34 =5V

Operating Waveforms,
Continuous Mode

SWA1
10V/DIV

SW3
10V/DIV

Sw4
10V/DIV

500ns/DIV 8614630

lour1,3,4 = 0.5A
Vour1,34=5V

PIN FUNCTIONS (arnrTssor)

NC (Pins 1, 2, 14, 22/Pins 2, 10): No Connection. These
pins have no connection to internal circuitry. They can be
grounded or left floating.

DA (Pins 3, 6, 8/Pins 3, 7, 9): Return the Schottky catch
diode anode to the diode anode (DA) pin. Aninternal com-
parator senses the diode current and prevents switching
when the diode current is higher than the DA pin current
limit.

SW (Pins 4, 5, 7/Pins 4, 5, 6, 8): The SW pins are the
output of the internal power switches. Connect each SW
pin to an inductor and Schottky catch diode cathode.

Vin (Pins 9, 11, 26, 28/Pins 1, 11, 12): The Vjy pins sup-
ply current to the LT3514’s internal regulator and to the
internal power switches. The Vjy pins should be locally
bypassed with a capacitor to ground, preferably to pins
27 and 10. They must be tied to the same input source.

GND (Pins 10, 18, 27, Exposed Pad Pin 29/Pin 22,
Exposed Pad Pin 25): Tie the GND pins to a local ground
plane below the LT3514 and the circuit components. The
exposed pad must be soldered to the PCB and electrically
connectedtoground. Usealarge ground plane and thermal
vias to optimize thermal performance.

RUN/SS (Pins 12, 13, 15/Pins 13, 14, 15): The RUN/SS
pins are used to soft start each channel and to allow
each channel to track other outputs. Output tracking is
implemented by connecting a resistor divider to this pin
from the tracked output. For soft start, tie a capacitor from
this pin to ground. An internal 1.3pA soft-start current
charges the capacitor to create a voltage ramp at the pin.

Each channel can be individually shut down by pulling
RUN/SS below 0.1V.

EN/UVLO (Pin 16/Pin 16): The EN/UVLO pin is used to
start up the internal regulator to power the reference and
oscillator. It also starts up the internal boost regulator. Pull
the EN/UVLO pin below 1.44V to shut down the LT3514.
The LT3514 will draw less than 10pA of current from the
Viy pin when EN/UVLO is less than 1.44V. Pull EN/UVLO
pin below 0.7V to put the LT3514 in a state where the part
draws OpA from the Vy pin. The threshold can function
as an accurate undervoltage lockout (UVLO), preventing
the regulator from operating until the input voltage has
reached the programmed level. Do not drive the EN/UVLO
pin more than 5V above V.

RT/SYNC (Pin17/Pin17): Setthe switching frequency of the
LT3514 by tying an external resistor from this pin to ground.
Select the value of the programming resistor (Rt) according
to Table 1 in the Applications Information section. The RT/
SYNC pin s also used to synchronize the internal oscillator
of the LT3514 to an external signal. The synchronization
(sync) signal is directly logical compatible and can be
driven by any signal with pulse width greater than 50ns.
The synchronization range is from 350kHz to 2.2MHz.

FB (Pins 19, 20, 21/Pins 18,19, 20): Each feedback pin is
regulated to 800mV. Connect the feedback resistor divider
to this pin. The output voltage is programmed according
to the following equation:

R1=R2 -(m— 1)
0.8V

3514f
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PIN FUNCTIONS (arnsssop)

where R1 connects between OUT and FB, and R2 connects
between FB and GND. A good value for R2 is 10.2k<.

PG (Pin 23/Pin 21): The Power Good pin is the open
collector output of an internal comparator. PG remains
low until all FB pins are greater than 710m\. If not in use,
this pin can be left unconnected. The PG comparator is
disabled in shutdown.

SW5 (Pin 24/Pin 23): The SW5 pin is an open collector
of an internal boost regulator power switch. This power

switch generates the drive voltage 4.85V above the input
voltage (V)y), to drive the internal buck regulator power
switches. Connect an inductor from this pin to the V;y pin.

SKY (Pin 25/Pin 24): The SKY pin is the output of an in-
tegrated power Schottky diode and is the source of drive
voltage to the internal buck regulator power switches.
Connect a 1pF capacitor from this pin to the Vjy pin. Do
not drive this pin with an external voltage source. Do not
draw current from this pin with an external component.

BLOCK DIRGRAM
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s ];Jﬁgm
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0
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DETECT[—> ©= 70 CURRENT

0.8V
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S/
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E PGOOD
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dr
COMPARATORS FROM OTHER CHANNELS  powER GOOD LOGIC

-
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OPERATION

A comparator starts the reference when the EN/UVLO pin
risesabove the 1.44V rising threshold. Other comparators
prevent switching when the input voltage is below 2.9V or
the die temperature is above 175°C. When the EN/UVLO
is above 1.44V the input voltage is above 3.2\, and the
temperature is below 175°C, the boost regulator begins
switching and charges the SKY capacitor to 4.85V above
Vin- When the SKY voltage is less than 4.5V above Vi,
the RUN/SS pins and V¢ nodes are actively pulled low to
prevent the buck regulators from switching.

The boost regulator (Channel 5) consists of an internal
0.4A power switch (Q5), an internal power Schottky diode
(D3), and the necessary logic and other control circuitry
to drive the switch. The switch current is monitored to
enforce cycle-by-cycle current limit. The diode current
is monitored to prevent inductor current runaway during
transient conditions. An error amplifier servos the SKY
voltage to 4.85V above V|y. A comparator detects when
the SKY voltage is 4.5V above V,y and allows the buck
regulators to begin switching.

The oscillator produces two antiphase clock signals running
at 50% duty cycle. Channel 5 runs antiphase to Channels
3and 4. The oscillator can be programmed by connecting
a single resistor from RT/SYNC to ground, or by applying
an external clock signal to RT/SYNC. A sync detect circuit
distinguishes between the type of input. Tying a resistor
to GND directly sets the bias current of the oscillator. The
sync signal is converted to a current to set the bias cur-
rent of the oscillator.

The oscillator enables an Rg flip-flop, turning on the power
switch Q1. Anamplifierand comparator monitorthe current
flowing between the Vi and SW pins, turning the switch

off when this current reaches a level determined by the
voltage at the Vg node. A second comparator enforces
a catch diode current limit to prevent inductor current
runaway during transient conditions. An error amplifier
measures the output voltage through an external resistor
tied to the FB pin and servos the V¢ node. If the error
amplifier's output increases, more current is delivered
to the output; if it decreases, less current is delivered. A
clamp on the V¢ pin provides switch current limit. Each
buck regulator switch driver operates by drawing current
from the SKY pin. Regulating the SKY pin to 4.85V above
the Viy pinvoltage is necessary to fully saturate the bipolar
power switch for efficient operation.

Soft-start is implemented by generating a voltage ramp at
the RUN/SS pin. Aninternal 1.3pA current source pulls the
RUN/SS pin up to 2.1V, Connecting a capacitor from the
RUN/SS pin to ground programs the rate of the voltage
ramp on the RUN/SS pin. A voltage follower circuit with a
0.1V offset connected from the RUN/SS pin to the RAMP
node prevents switching until the voltage at the RUN/SS
pin increases above 0.1\, When the voltage at the RAMP
node is less than 0.9V, the error amplifier servos the FB
voltage to the RAMP node voltage. When the RAMP node
voltage increases above 0.9V, then the error amplifier ser-
vos the FB voltage to 0.8V, Additionally, a current amplifier
reduces the catch diode current limit when the FB voltage
is below 0.8V to limit the inductor current during startup.

Each channel can be placed in shutdown by pulling the
respective RUN/SS pin below 0.1V. The EN/UVLO pin can
be pulled low (below a Vgg) to place the entire part in
shutdown, disconnecting the outputs and reducing the
input current to less than 2pA.
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The three step-down convertersinthe LT3514 are referred
to as channels 1, 3, and 4, while the boost converter is
referred to as channel 5. There is no channel 2. This nam-
ing convention is intended to maintain consistency and
limited pin compatibility with the LT3504, a four channel
step-down converter. Essentially, two 1A converters (chan-
nels 2 and 3) of the LT3504 were combined to make the
2A converter (channel 3) of the LT3514.

FB Resistor Network

The output voltage is programmed with a resistor divider
connected from the output and the FB pin. Choose the 1%
resistor according to:

Ri= Rzo(M - 1)
0.8V

A good value for R2 is 10.2KQ, R2 should not exceed
20kQ to avoid bias current error.

Input Voltage Range

The input voltage range for LT3514 applications depends
on the output voltage and on the absolute maximum rat-
ing of the Vy pin.

The minimum input voltage to regulate the output gener-
ally has to be at least 400mV greater than the greatest
programmed output voltage. The only exception is when
the largest programmed output voltage is less than 2.8V.
In this case the minimum input voltage is 3.2V.

The absolute maximum input voltage of the LT3514 is
40V and the part will regulate output voltages as long
as the input voltage remains less than or equal to 40V.
However for constant-frequency operation (no pulse-
skipping) the maximum input voltage is determined by
the minimum on-time of the LT3514 and the programmed
switching frequency. The minimum on-time is the shortest
period of time that it takes the switch to turn on and off.
Therefore the maximum input voltage to operate without
pulse-skipping is:

Vinees) = [ (Vour + Vo)/(fsw ® tonminy) 1 + Vsw — Vo

where:

* Vin(ps) is the maximum input voltage to operate in
constant frequency operation without skipping pulses.

* Vour is the programmed output voltage

* Vg is the switch voltage drop, at loyrq 4 = 1A,
Vow1.4 = 0.4V, at loyrz = 2A, Vows = 0.4V

* Vpis the catch diode forward voltage drop, for an
appropriately sized diode, Vp = 0.4V

e fgy is the programmed switching frequency

* tonviny is the minimum on-time, worst-case over
temperature = 110ns (at T = 125°C)

Atinput voltages that exceed Viyps) the part will continue
to regulate the output voltage up to 40V. However the
part will skip pulses (see Figure 1) resulting in unwanted
harmonics, increased output voltage ripple, and increased

Iy
0.5A/DIV

Vsw
10V/DIV

3514 Fola

2us/DIV

Figure 1a. The LT3514 Operating in Constant-Frequency
Operation (Below V|N(ps)), Vin =26.5Y, Vgyr = 3.3V,
fsw = 2MHz, ton(min) = 74ns at T = 25°C

IL
0.5A/DIV

Vsw
10V/DIV

3514 FO1b

2us/DIV

Figure 1b. The LT3514 Operating in Pulse-Skipping
Mode (Above Viy ps)), Vin =27V, Vgyr = 3.3V, fgy =
2MHz, ton(min) = 74ns at T = 25°C
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peak inductor current. Provided that the inductor does not
saturate and that the switch current remains below 2A
(SW1, SW4) or below 4A (SW3), operation above Vyps)
is safe and will not damage the part. For a more detailed
discussion on minimum on-time and pulse-skipping, re-
fer to the Applications Information section of the LT3505
data sheet.

Avoid starting up the LT3514 at input voltages greater
than 36V, as the LT3514 must simultaneously conduct
maximum currents at high Vy. The maximum operating
junction temperature of 125°C may be exceeded due to
the high instantaneous power dissipation.

Frequency Selection

The maximum frequency that the LT3514 can be pro-
grammedtois 2.5MHz. The minimumfrequency is 250kHz.
The switching frequency can be programmed intwo ways.
The first method is by tying a 1% resistor (Rt) from the
RT/SYNC pin to ground. Table 1 can be used to select the
value of Ry. The second method is to synchronize (sync)
the internal oscillator to an external clock. The external
clock must have a minimum amplitude from 0V to 1.5V
and a minimum pulse-width of 50ns.

Table 1. RT/SYNC Pin Resistance to Program Oscillator
Frequency

FREQUENCY (MHz) RT/SYNC PIN RESISTANCE (k)
0.20 140
0.3 82.5
0.4 56.2
0.5 43.2
0.6 34.8
0.7 28.0
0.8 23.7
0.9 20.5
1.0 18.2
1.1 16.9
1.2 14.7
1.3 13.0
1.4 11.5

FREQUENCY (MHz) RT/SYNC PIN RESISTANCE (k<)
15 107
16 9.76
17 8.66
18 8.06
19 7.32
2.0 6.81
2.1 6.34
2.2 6.04
23 5.62
24 5.36
25 4.99

In certain applications, the LT3514 may be required to be
alive and switching for a period of time before it begins
to receive a sync signal. If the sync signal is in a high
impedance state when it is inactive then the solution is to
simply tie an Ry resistor from the RT/SYNC pin to ground
(Figure 2). The sync signal should be capable of driving the
Ry resistor. If the sync signal is in a low impedance state
or an unknown state when it is inactive, then the solution
is to tie the Ry resistor from the RT/SYNC pin to ground
and then to drive the RT/SYNC pin with the sync signal
through a 1nF capacitor as shown in Figure 3.

LT3514

PORT RT/SYNC
GND

Rt

3514 F02

Figure 2. Driving the RT/SYNC Pin From a Port That
Is in a High Impedance State When it Is Inactive

1nF LT3514

—| RT/SYNC

GND

JUuL
PORT

Rt

3514 FO3

Figure 3. Driving the RT/SYNC Pin from a Port That Is
in a Low Impedance State When it Is Inactive
3514f
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BOOST Regulator and SKY Pin Considerations

The on-chip boost regulator generates the SKY voltage
to be 4.85V above V). The SKY voltage is the source of
drive current for the buck regulators which is used to fully
saturate the power switch. The boost regulator requires
two external components: an inductor and a capacitor.

A good first choice for an inductor is given by:

_ 20.5)H

L
f

where fis in MHz.

Thus, for a 250kHz programmed switching frequency,
a good first choice for an inductor value is 82uH. For a
2.5MHz programmed switching frequency, a good first
choice for an inductor value is 8.2uH. These values will
ensure that each buck regulator will have sufficient drive
current to saturate the power switch in all applications
and under all operating conditions.

Auserdesiringalowerinductor currentvalue can calculate
their optimum inductor size based on their output cur-
rent requirements. Each buck regulator instantaneously
requires 20mA from the SKY pin per 1A of switch current.
The average current that each buck regulator draws from
the SKY pinis 20mA per 1A of switch current multiplied by
the duty cycle. So if all three buck regulators run at 100%
duty cycle with channels 1 and 4 supplying 1A of output
currentand channel 3 supplying 2A of output current, then
the SKY pin should be able to source 80mA. However if
each channel runs at 50% duty cycle then the SKY pinonly
has to source 40mA. Alternatively if each channel runs
at 100% duty cycle but the output current requirements
are reduced by half, then again the SKY pin only has to
source 40mA. To summarize, the SKY pin output current
requirement is calculated from the following equation:

(|OUT1 *Vour1 +lours * Vours *+lours * Vours)
50.V|N

lsky =

where lgyTy is the desired output current from Channel
X, Voury is the programmed output voltage of Channel X,
and Vy is input voltage.

Once the SKY pin output current requirement is deter-
mined, the inductor value can be calculated based on
the maximum tolerable inductor current ripple from the
following equation:

V|N *DC5

L=
2+ fgy +[0.3+(1-0.25+DC5) ~ Igyy |

where fg\y is the programmed switching frequency and
DC5 is the boost regulator duty cycle, given by: DC5 =
5V/(Viy + 5V).

For a TMHz application, with V= 12V, Voyt1 = 5V, Vouts
= 2.5V Voyrg = 1.8V, lOUT1,4 = 1A, lguts = 2A, and the
required SKY pin current is 20mA and the inductor value
is 6.8pH.

Soft-Start/Tracking

The RUN/SS pin can be used to soft-start the correspond-
ing channel, reducing the maximum input current during
start-up. The RUN/SS pinis pulled up througha 1pAcurrent
source to about 2.1V, A capacitor can be tied to the pin to
create a voltage ramp at this pin. The buck regulator will
not switch while the RUN/SS pin voltage is less than 0.1V,
Asthe RUN/SS pin voltage increases above 0.1V, the chan-
nel will begin switching and the FB pin voltage will track
the RUN/SS pin voltage (offset by 0.1V), until the RUN/SS
pin voltage is greater than 0.8V + 0.1\, At this point the
output voltage will be at 100% of it’s programmed value
and the FB pin voltage will cease to track the RUN/SS
pin voltage and remain at 0.8V (the RUN/SS pin will
continue ramping up to about 2.1V with no effect on the
output voltage). The ramp rate can be tailored so that the
peak start up current can be reduced to the current that

3514f
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is required to regulate the output, with little overshoot.
Figure 4 shows the start-up waveforms with and without
a soft-start capacitor (Cgg) on the RUN/SS pin.

IL
0.5ADIV

Vour
2V/DIV

3514 Foda

100ps/DIV

Figure 4a. Inductor Current Waveform During
Start-Up without a Soft-Start Capacitor

IL
0.5A/DIV

Vour
2V/DIV

3514 F04b

100ps/DIV

Figure 4b. Inductor Gurrent Waveform During
Start-Up with a 1nF Soft-Start Capacitor (Cgs)

Vi Vi

R1 LT3514

EN/UVLO
GND

Vin, FALLING = 10V

NOT

SWITCHING

Undervoltage Lockout

The LT3514 prevents switching when the input voltage
decreases below 3.2V, Alternatively, the EN/UVLO pin
can be used to program an undervoltage lockout at input
voltages exceeding 3.2V by tapping a resistor divider from
Vy to EN/UVLO as shown in Figure 5.

The rising threshold on the EN/UVLO pin is 1.44V. The
falling threshold on the EN/UVLO pin is 1.33\V. When EN/
UVLO is rising and less than 1.44V then the EN/UVLO pin
sinks 1.3pA of current. This 1.3pA current can be used to
programadditional hysteresis onthe EN/UVLO pin. Forthe
circuit in Figure 5, R1 can be determined from:

0.11

1.33
13pA

’ VIN,HYSTERESIS_ ( IN,FALLING)

where Viy HysTeresis i the desired amount of hysteresis
on the input voltage and Vi raLLinG iS the desired input
voltage threshold at which the part will shut down. Notice
that for a given falling threshold (Viy raLLING), the amount
of hysteresis (Vy HysTeResIs) must be at least:

0.11,
1.33

VIN,HYSTERESIS > (VIN,FALLING)

SWITCHING

A 4 -~
Vin, Rising = 11V

Vin (V)

3514 F05

Figure 5. Circuit to Prevent Switching When Vy < 10V, with 700mV of Hysteresis
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For a falling threshold of 10\, the minimum hysteresis
is 0.827\. For a falling threshold of 30V, the minimum
hysteresis is 2.48V.

R2 can be calculated once R1 is known:
1.33

R2=R1e
Vin, FaLLing —1.33

The circuit shown in Figure 5 will start when the input
voltage rises above 11V and will shutdown when the input
voltage falls below 10V.

Inductor Selection and Maximum Qutput Current
A good first choice for the inductor value is:

L=2¢(Vour + Vp)/fsw for Channels 1, 4
L = (Vout + Vp)/fsw for Channel 3

where Vp is the voltage drop of the catch diode (~0.4V),
L is in pH and fgyy is in MHz. With this value there will
be no subharmonic oscillation for applications with 50%
or greater duty cycle. The inductor's RMS current rating
must be greater than your maximum load current and
its saturation current should be about 30% higher. For
robust operation in fault conditions, the saturation cur-
rent should be above 2A for CH1, CH4 and above 4A for
CH3. To keep efficiency high, the series resistance (DCR)
should be less than 0.1Q. Table 2 lists several vendors
and types that are suitable.

Of course, such a simple design guide will not always
result in the optimum inductor for your application. A
larger value provides a higher maximum load current and
reduces output voltage ripple at the expense of slower
transient response. If your load is lower than 1A for CH1,

Table 2. Inductor Vendors

CH4 or below 2A for GH3, then you can decrease the value
of the inductor and operate with higher ripple current.
This allows you to use a physically smaller inductor, or
one with a lower DCR resulting in higher efficiency. Low
inductance may result in discontinuous mode operation,
which is okay, but further reduces maximum load current.
For details on maximum output currentand discontinuous
mode operation, see Linear Technology Application Note 44.

Catch Diode

Use a 1A Schottky diode for channels 1 and 4 and a 2A
Schottky diode for channel 3. The diode must have a re-
verse voltage rating equal to or greater than the maximum
input voltage.

Input Capacitor

The input of the LT3514 circuit must be bypassed with a
X7R or X5R type ceramic capacitor. Y5V types have poor
performance over temperature and amplified voltage
and should not be used. There are four V;y pins. Each
Viy pin should be bypassed to the nearest ground pin.
However it is not necessary to use a dedicated capaci-
tor for each Vy pin. Pins 9 and 11 may be tied together
on the board layout so that both pins can share a single
bypass capacitor. Since the channels running on Pins 9
and 11 are 180 degrees out-of-phase, it is not necessary
to double the capacitor value either. Similarly, Pins 26
and 28 may be tied together on the board layout to save
abypass capacitor. For switching frequencies greater than
750kHz, a 1pF capacitor or higher value ceramic capacitor
should be used to bypass each group of two Vyy pins. For
switching frequencies less than 750kHz, a 2.2F or higher
value ceramic capacitor should be used to bypass each

VENDOR URL PART SERIES INDUCTANCE (pH) SIZE (mm)

Sumida www.sumida.com CDRH4D28 127047 45x45
CDRH5D28 257010 55x55
CDRH5D28 257033 8.3x8.3

Toko www.toko.com A916CY 27012 6.3x6.2
D585LC 117039 8.1x8

Wiirth Elektronik www.we-onling.com WE-TPC(M) 17010 48x4.8
WE-PD2(M) 227022 52x5.8
WE-PD(S) 17027 73x7.3
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group of two V)y pins. The ceramic bypass capacitors
should be located as close to the V,y pins as possible.
See the sample layout shown in the PCB Layout section.
All four Vyy pins should be tied together on the board and
bypassing with a low performance electrolytic capacitor
is recommended especially if the input power source has
high impedance, or there is significant inductance due to
long wires or cables.

Step-down regulators draw current from the input sup-
ply in pulses with very fast rise and fall times. The input
capacitor is required to reduce the resulting voltage
ripple at the LT3514 and to force this very high frequency
switching current into a tight local loop, minimizing EMI.
To accomplish this task, the input bypass capacitor must
be placed close to the LT3514 and the catch diode; see
the PCB Layout section. A second precaution regarding
the ceramic input capacitor concerns the maximum input
voltage rating of the LT3514. A ceramic input capacitor
combined with trace or cable inductance forms a high
quality (underdamped) tank circuit. If the LT3514 circuit
is plugged into a live supply, the input voltage can ring to
twice its nominal value, possibly exceeding the LT3514’s
voltage rating. This situation can be easily avoided by add-
ing an electrolytic capacitor in parallel with the ceramic
input capacitors. See Application Note 88.

Output Capacitor

The output capacitor has two essential functions. Along
with the inductor, it filters the square wave generated by
the LT3514 to produce the DC output. In this role it deter-

Table 3. Capacitor Vendors

mines the output ripple so low impedance at the switching
frequency is important. The second function is to store
energy in order to satisfy transient loads and stabilize the
LT3514’s control loop.

Ceramic capacitors have very low equivalent series re-
sistance (ESR) and provide the best ripple performance.
A good value is:

Cout = 33/(Vour * fsw) for Channels 1, 4
Cout = 132/(Vour * fsw) for Channel 3

where Coyr is in pF and fgyy is in MHz. Use X5R or X7R
types and keep in mind that a ceramic capacitor biased
with Vgyr will have less than its nominal capacitance. This
choice will provide low output ripple and good transient
response. Transient performance can be improved with a
high value capacitor, if the compensation network is also
adjusted to maintain the loop bandwidth.

A lower value of output capacitor can be used, but tran-
sient performance will suffer. Also, a lower value output
capacitor may resultinincreased sensitivity to noise which
can be alleviated by adding a 100pF phase lead capacitor
from FB to Voyr.

High performance electrolytic capacitors can be used for
the output capacitor. Low ESRisimportant, so choose one
that is intended for use in switching regulators. The ESR
should be specified by the supplier and should be 0.1Q
or less. Such a capacitor will be larger than a ceramic
capacitor and will have a larger capacitance, because the
capacitor must be large to achieve low ESR. Table 3 lists
several capacitor vendors.

VENDOR PHONE URL PART SERIES COMMENTS
Panasonic (714) 373-7366 www.panasonic.com Ceramic, Polymer, Tantalum EEF Series
Kemet (864) 963-6300 www.kemet.com Ceramic, Tantalum T494, T495
Sanyo (408) 749-9714 www.sanyovideo.com Ceramic, Polymer, Tantalum POSCAP
Murata (404) 436-1300 www.murata.com Ceramic

AVX WWW.avXcorp.com Ceramic, Tantalum TPS Series
Taiyo Yuden (864) 963-6300 www.taiyo-yuden.com Ceramic
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Figure 6 shows the transient response of the LT3514 with
several output capacitor choices. The output is 3.3V. The
load current is stepped from 500mA to 1A and back to
500mA and the oscilloscope traces show the output volt-
age. The upper photo shows the recommended value. The
second photo shows the improved response (less voltage
drop) resulting from a larger output capacitor and a larger
phase lead capacitor. The last photo shows the response
to a high performance electrolytic capacitor. Transient per-
formance isimproved due to the large output capacitance.

I Vout
S
LT3514 <’31'6k

FB 104F

A

>
10k

LT3514
FB

Vour

31.6k

LT3514
FB 224F

10k

Shorted and Reversed Input Protection

If the inductor is chosen so that it won’t saturate exces-
sively, an LT3514 buck regulator will tolerate a shorted
output. There is another situation to consider in systems
where the output will be held high when the input to the
LT3514 is absent. This may occur in battery charging ap-
plications or in battery backup systems where a battery
or some other supply is diode OR-ed with the LT3514’s
output. If the V) pin is allowed to float and the EN/UVLO
pin is held high (either by a logic signal or because it is

lout
1A/DIV

Vout
20mV/DIV
20|JS/D|V 3514 F06a
lout
1A/DIV
Vout
20mV/DIV
ZOUS/DW 3514 FO6b
lout
1A/DIV
Vout
20mV/DIV
ZOUS/Dlv 3514 Fo6c.

Figure 6. Transient Load Response of the LT3514 with Different Output Capacitors as the
Load Current Is Stepped from 500mA to 1A. Vy = 12V, Vgy1 = 3.3V, L = 10pH, Ry =19.1k
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tied to Vyy), then the LT3514’s internal circuitry will pull
its quiescent current through its SW pin. This is fine if
your system can tolerate a few mA in this state. If you
ground the EN/UVLO pin, the SW pin current will drop to
essentially zero. However, if the Vjy pin is grounded while
the output is held high, then parasitic diodes inside the
LT3514 can pull large currents from the output through
the SW pin and the Vy pin. Figure 7 shows a circuit that
will run only when the input voltage is present and that
protects against a shorted or reversed input.

High Temperature Considerations

While the LT3514 is capable of delivering total output
current up to 4A, total power dissipation for an applica-
tion circuit and the resulting temperature rise must be
considered, especially if all three channels are operating
at high duty cycle.

The die temperature of the LT3514 must be lower than the
maximum rating of 125°C. This is generally not a concern
unless the ambient temperature is above 85°C. For higher
temperatures, extra care should be taken in the layout of
the circuit to ensure good heat sinking of the LT3514. The
maximum load current should be derated as the ambient
temperatureapproaches 125°C. Programming the LT3514
to a lower switching frequency will improve efficiency and

reduce the dependence of efficiency on input voltage. The
die temperature is calculated by multiplying the LT3514
power dissipation by the thermal resistance from junc-
tion to ambient. Power dissipation within the LT3514 can
be estimated by calculating the total power loss from an
efficiency measurement and subtracting the catch diode
losses. Thermal resistance depends on the layout of the
circuit board, but 43°C/W is typical for the QFN pack-
age and 33°C/W is typical for the FE package. Thermal
shutdown will turn off the buck regulators and the boost
regulator when the die temperature exceeds 175°C, but
thisis not a warrant to allow operation at die temperatures
exceeding 125°C.

Outputs Greater Than 9V

For outputs greater than 9V, add a 1k resistor in series
with a 1nF capacitor across the inductor to damp the
discontinuous ringing of the SW node, preventing unin-
tended SW current.

Other Linear Technology Publications

Application Notes 19, 35, 44 contain more detailed descrip-
tions and design information for step-down regulators and
other switching regulators. Design Note 318 shows how to
generateabipolaroutputsupply usingastep-down regulator.

Viy ——————AMN——] EN/UVLO

SKY

SW5
D4: g v
0_>J IN

Vin

RUN/SS1

LT3514

SWA1

DA1

FB1

J__ RT/SYNC
Tl

I———

3514 FO7

Figure 7. Diode D4 Prevents a Shorted Input from Discharging a Backup Battery Tied to the Output; It
Also Protects the Circuit from a Reversed Input. The LT3514 Runs Only When the Input Is Present
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PCB Layout

Forproperoperationand minimum EMI, care must be taken
during printed circuit board layout. Figure 8 shows the
recommended component placement with trace, ground
plane, and via locations for the QFN package.

Note that large, switched currents flow in the LT3514’s
Vin, SW and DA pins, the catch diodes (D1, D3, D4) and
the input capacitors (C5, C6). The loop formed by these

____________________________________

components should be as small as possible and tied to
systemgroundinonly one place. These components, along
with the inductors (L1, L3, L4, L5) and output capacitors
(C1, G3, C4, C7), should be placed on the same side of
the circuit board, and their connections should be made
on that layer. Place a local, unbroken ground plane below
these components, and tie this ground plane to system
ground at one location (ideally at the ground terminal
of the output capacitors). For the QFN package ground

____________________________________
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pins (Pins 10, 27) are provided near the Vjy pins so that
the Vy pins can be bypassed to these ground pins. The
SW nodes should be kept as small as possible and kept
far away from the RT/SYNC and FB nodes. Keep the RT/
SYNC node and FB nodes small so that the ground pin
and ground traces will shield them from the SW nodes. If
the user plans on using a SYNC signal to set the oscillator
frequency then the RT/SYNC node should be kept away
from the FB nodes. Include vias near the exposed pad of
the LT3514 to help transfer heat from the LT3514 to the
ground plane. Keep the SW5 pad/trace as far away from
the FB pads as possible.

Overvoltage Transient Protection

Figure 9shows the complete application circuitfora 3-out-
put step-down regulator with 100% duty cycle operation
that withstands 180V surges. Under normal operating
conditions (Vy < 33V), the Vgky rail supplies gate drive to
MOSFET Q1, providing the LT3514 with a low resistance
path to Vgyppyy. In the event that a supply surge occurs,

VsuppLy
3.2V T0 30V

SURGE PROTECTION TO 180V

Zenerdiode D1 clamps Q1’s gate voltage to 36V. The source
follower configuration prevents Vi fromrising any further
than about 33V (a Vg below the Zener clamp voltage ) .
Figure 10 shows the LT3514 regulating all three channels
through a 180V surge event without interruption.
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Figure 10. Overvoltage Protection Withstands 180V Surge
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Figure 9. Complete Triple Buck Regulator with 180V Surge Protection
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LT3514

APPLICATIONS INFORMATION

Bear in mind that significant power dissipation occurs in
Q1 during an overvoltage event. The MOSFET junction
temperature must be kept below its absolute maximum
rating. For the overvoltage transient shown in Figure 10,
MOSFET Q1 conducts 0.55A (full load on all buck chan-
nels) while withstanding the voltage difference between
Vsuppry (180V peak) and Vi (33V). This results in a peak
power of 81W. Since the overvoltage pulse in Figure 10
is roughly triangular, average power dissipation during
the transient event (about 400ms) is approximately half
the peak power. As such, the average power is given by:

1
Pavg (W)= 2 *Pppak (W) =40.5W

In orderto approximate the MOSFET junctiontemperature
rise from an overvoltage transient, one must determine
the MOSFET transient thermal response as well as the
MOSFET power dissipation. Fortunately, most MOSFET
transient thermal response curves are provided by the
manufacturer (as shownin Figure 11). Fora 400ms pulse
duration, the FQB34N20L MOSFET thermal response
Zoyc(t) is 0.65°C/W. The MOSFET junction temperature
rise is given by:

Trise (°C) = Zgyg (1) * Pave (W) = 26.3°C

Note that, by properly selecting MOSFET Q1, itis possible
to withstand even higher input voltage surges. Consult
manufacturer data sheets to ensure that the MOSFET
operates within its maximum safe operating area.
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Figure 11. FQB34N20L Transient Thermal Response

The application circuit start-up behavior is shown in
Figure 12. Resistor R2 pulls up on the gate of Q1, forcing
source connected Vy to follow approximately 3V below
Vsuppry. Once V) reaches the LT3514’s 3.2V minimum
start-up voltage, the on-chip boost converter immedi-
ately regulates the Vgky rail 4.85V above V. Diode D3
and resistor R3 bootstrap Q1’s gate voltage to the Vgy,
fully enhancing Q1. This connects Vy directly to Vsyppry
through Q1’s low resistance drain-source path. It should
be noted that, prior to Vgky being present, the minimum
inputvoltageisabout 6.2\ However, with Vgky in regulation
and Q1 enhanced, the minimum run voltage drops to 3.2V,
permitting the LT3514 to maintain regulationthrough deep
input voltage dips Figure 13 shows all channels operating
down to the LT3514’s 3.2V minimum input voltage.

SKY
2V/DIV

VsuppLy ;

2V/DIV

Vin
2V/DIV

»3

20ms/DIV SRz

Figure 12. Figure 9’s Start-Up Behavior
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Figure 13. Figure 9’s Dropout Performance
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.
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PACKAGE DESCRIPTION

Please refer to hitp://www.linear.com/designtools/packaging/ for the most recent package drawings.
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TYPICAL APPLICATION

Complete Triple Buck Regulator with 180V Surge Protection
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PART DESCRIPTION COMMENTS
LT3504
LT3507/ 36V 2.5MHz, Triple [2.4A + 1.5A + 1.5A (Igy7)] with LDO Controller | Vinginy = 4V, Vingmax) = 36V, Voutgainy = 0.8V, Ig = 7mA,
LT3507A | High Efficiency Step-Down DC/DC Converter Isp = 1pA, 5mm x 7mm QFN-38 Package
LT8610 42V 2.2MHz, Synchronous, Low Iq = 2.5pA, Step-Down DC/DC Vinginy = 3.4V, Vinmax) = 42V, Vourminy = 0.97V, 1 = 2.5pA,
Converter Isp = 1A, MSOP-16E Package
LT3988 60V with Transient Protection to 80V, 2.5MHz, Dual 1A High Vinginy = 4.0V, Vinmax) = 60V, Voutguiny = 0.75V, Ig = 2mA,
Efficiency Step-Down DC/DC Converter Isp = 1WA, MSOP-16E Package
LT3509 36V with Transient Protection to 60V, Dual 0.70(lgyt), 2.2MHz, Vinginy = 3.6V, Vingmax) = 36V, Voyrgminy = 0.8V, 1 = 1.9mA,
High Efficiency Step-Down DC/DC Converter Isp = 1HA, 3mm x 4mm DFN-14, MSOP-16E Packages
LT3500 36V, 40Vjax, 2A, 2.5MHz High Efficiency Step-Down DC/DC VIN(MIN) =3.6V V|y MAX) = 36V, VOUT(NIIN) =0.8Y, g = 2.5mA,
Converter and LDO Controller Isp <10pA, 3mm x 3mm DFN-10 Package
LT3508 36V with Transient Protection to 40V, Dual 1.4A (lgyt), 3MHz, Vingainy = 3.7V, Vingmax) = 37V, Voutminy = 0.8V, 1g = 4.6mA,
High Efficiency Step-Down DC/DC Converter Isp = 1PA, 4mm x 4mm QFN-24, TSSOP-16E Packages
LT3980 58V with Transient Protection to 80V, 2A (lgyT), 2.4MHz, High Vingainy = 3.6V, Vinmax) = 58V, Transient to 80V, Voyrwminy = 0.8V,
Efficiency Step-Down DG/DC Converter with Burst Mode® Operation | lg = 85pA, Isp <1pA, 3mm x 4mm DFN-16 and MSOP-16E Packages
LT3480 36V with Transient Protection to 60V, 2A (louT), 2.4MHz, High VIN(MIN) =3.6V, VIN(IVIAX) =38V, Vour MIN) = 0.78V, Ig = 70pA,
Efficiency Step-Down DC/DC Gonverter with Burst Mode Operation | Isp <1pA, 3mm x 3mm DFN-10, MSOP-10E Packages
LT3689 36V, 60V Transient Protection, 800mA, 2.2MHz High Efficiency Vinuiny = 3.6V, Vinmax) = 36V, Transient to 60V, Voyriny = 0.8Y,
Micropower Step-Down DC/DC Converter with POR Reset and Ig = 75pA, Isp <1pA. 3mm x 3mm QFN-16 Package
Watchdog Timer
LT3970 |40V, 350mA, 2MHz High Efficiency Micropower Step-Down Vingviny = 4V, Vinguax) = 40V, Transient to 60V, Voyriy) = 121V,
DC/DC Converter Iq = 2pA, Igp <1pA, 3mm x 2mm DFN-10 and MSOFS-10 Packages
LT3682 36V, 60VMAX, 1A, 2.2MHz High Efficiency Micropower Step-Down VIN(MIN) =3.6V VIN(MAX) =36V, VOUT(MIN) =0.8V Ig = 75pA,
DC/DC Converter Isp < 1pA, 3mm x 3mm DFN-12 Package
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