FEATURES

= Wide Input Range: 4V to 36V
® One 2.7A and Two 1.8A Output Switching
Regulators with Internal Power Switches
® Low Dropout Linear Regulator with External
Transistor
Antiphase Switching Reduces Ripple
Independent Run, Tracking/Soft-Start, and Power
Good Indicators Ease Supply Sequencing
Uses Small Inductors and Ceramic Capacitors
Adjustable, 250kHz to 2.5MHz Switching Frequency,
Synchronizable Over the Full Range
® User Programmable Overvoltage and Undervoltage
Lockouts
® Thermally Enhanced, 38-Lead TSSOP and
5mm x 7mm QFN Packages

Ll”t / \D LT3507A

TECHNOLOGY Triple Monolithic Step-Down

Reyulutor with LDO

DESCRIPTION

The LT®3507A is a triple, current mode, DG/DC converter
with internal power switches and a low dropout regulator.
The switching convertersare step-down converters capable
of generating one 2.7A output and two 1.8A outputs. All
three converters are synchronized to a single oscillator.
The 2.7A output runs with opposite phase to the other two
converters, reducing input ripple current. Each regulator
has independent shutdown and soft-start circuits, and
generates a power good signal when its output is in regu-
lation, easing power supply sequencing and interfacing
with microcontrollers and DSPs.

The switching frequency is set withasingle resistoryielding
arange of 250kHzto 2.5MHz. The high switching frequency
allows the use of small inductors and capacitors resulting
inavery smalltriple output supply. The constant switching

APPLICATIONS frequency, combined with low impedance ceramic capaci-
. tors, results in low, predictable output ripple. Frequency
® Automotive ) . .
: , foldback and thermal shutdown provide protectionagainst
® [ndustrial Supplies o . .
= Distributed Power Regulation fault conditions. The LT3507A provides higher output cur-
rent than available with the LT3507.
= DSP Power ent than available e LT350
LY, LT, LTC, LTM, Burst Mode, Linear Technology and the Linear logo are registered trademarks of
Linear Technology Corporation. All other trademarks are the property of their respective owners.
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LT3507A

ABSOLUTE MAXIMUM RATINGS (note 1)

VIN PINS oo =0.3V1t0 36V DRIVE PiN oo, 5V
BOOST PiNS .o 55V Operating Junction Temperature Range (Notes 2, 5)
BOOST ADOVE SW...coiiieceee e 25V LT3507AE, LT3507Al ... -40°C to 125°C
PGOOD PiNS....ccvieieiicieierreceeereneeeie e 36V LT3S07AH ..o, -40°C t0 150°C
BIAS PN 16V Storage Temperature Range .................. -65°C to 150°C
TRK/SS, V¢, FB, RT/SYNC Pins.......cccccevevevererererreee, 6V  Lead Temperature (Soldering, 10 sec)
RUN, OVLO, UVLO PINS cooveeeeeeeeeeesseceerssse e Vit TSSOP ONIY oo 300°C
TOP VIEW
TOP VIEW . Ving [1] [38] sws3
R, 2 BOOST3
EEFTEE e =
138113711361 135113411331 132 sun [3] 26} Ve
__I L3§IL31|L3§|L_IL_IL_IL_I I__ BOOST1 E E VlN2
BOOST1 __1__, 31__ Ving Vin E E NG
Ving | 2] 130] Ving I
= L — Vint (6] I [33] sw2
Vit | 3! l29] sw2 ' |
Vinsw _4_I IE; Sw2 Vinsw E I I E BOOST2
ovio[51 7] soost2 ovio [8] | | 31] TRK/SS4
uvo|e! 29 i26] TRK/SS4 uvio [8] | N
ve: [71 GND 125 Fa4 Ver [10] | 2 [29] DRIVE
TRK/SS1] 81 i24| pRive TRessst [11] | ! 28] Veo
FB1[ o] (23] Vo FB1 [12] | | 27] NG
PGooD1 [10! i22] FB2 PeooD1 [13] | I |26] B2
PGoop2 11! I21] TRK/SS2 PeooD2 [14] ! | [2] TRiss2
i — —
pGooD3 |12! 120 ¥B3 PGOOD3 [15] [24] FB3
(1311411517161 [171 181 19! RT/SYNC [16] 23] Vea
css52225% RUN1 [17] [22] TRK/SS3
= E RUN2 [18] 21] BIAS
UHF PACKAGE RUN3 [19] [20] GND
38-LEAD (5mm x 7mm) PLASTIC QFN
034 = 34°C/W FE PACKAGE
EXPOSED PAD (PIN 39) IS GND, MUST BE SOLDERED TO PCB 38-LEAD PLASTIC TSSOP
0n = 24°C/W
EXPOSED PAD (PIN 39) IS GND, MUST BE SOLDERED TO PCB
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LT3507A

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LT3507AEUHF#PBF LT3507AEUHF#TRPBF 3507A 38-Lead (5mm x 7mm) Plastic QFN -40°C to 125°C
LT3507AIUHF#PBF LT3507AIUHF#TRPBF 3507A 38-Lead (5mm x 7mm) Plastic QFN -40°C to 125°C
LT3507AHUHF#PBF LT3507AHUHF#TRPBF | 3507A 38-Lead (5mm x 7mm) Plastic QFN -40°C to 150°C
LT3507AEFE#PBF LT3507AEFE#TRPBF LT3507AFE 38-Lead Plastic TSSOP -40°C to 125°C
LT3507AIFE#PBF LT3507AIFE#TRPBF LT3507AFE 38-Lead Plastic TSSOP -40°C to 125°C
LT3507AHFE#PBF LT3507AHFE#TRPBF LT3507AFE 38-Lead Plastic TSSOP -40°C to 150°C

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

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/. Some packages are available in 500 unit reels through

designated sales channels with #TRMPBF suffix.

GLGCTBICHL CHHRHCTGGISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Viy1, Vinz, Ving = 12V, VeoosTi> VeoosT2, Veoosts = 17V, unless

otherwise noted. (Notes 2, 7)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Minimum Operating Voltage Internal UVLO on V4 o 3.8 4 v
Input Quiescent Current Not Switching, Vpjag = 3.3V 2 35 mA
Bias Quiescent Current Not Switching, Vpjas = 3.3V 5 7.5 mA
Shutdown Current VRunt,23 =0V 1 HA
Reference Voltage Line Regulation 5V < V1 <36V 0.01 %N
V¢ Source Current Ve =0.6V 20 pA
V¢ Sink Current Vg =0.6V 30 HA
V¢ Clamp Voltage 1.8 V
Switching Frequency Rt =40.2k ) 0.9 1.1 MHz
Switching Phase SW1 to SW2,3, Ry = 40.2k 180 Deg
Foldback Frequency Vg = 0V, Ry =40.2k 120 kHz
Frequency Shift Threshold on FB 0.4

RUN Threshold 1 1.5

PGOOD Output Voltage Low Ipgoop = 200pA 0.2 0.4

PGOOD Pin Leakage Vpgoop = 2V 10 400 nA
PGOQD Threshold Offset Vg Rising 58 80 105 mV
Feedback Pin Voltage ) 788 800 812 mV
Feedback Pin Bias Current o -50 -500 nA
Error Amplifier Transconductance 330 S
Error Amplifier Voltage Gain 500 VNV
V¢ Switching Threshold 0.9 V
Switch Leakage Current 0.01 10 pA
Minimum Boost Voltage Above Switch (Note 4) 1.8 2.5 V
ITRK/SS Vrrisss = OV 1.25 HA
Vint-Vinsw lvinsw = TMA 0.35 v
Converter 1

V1 to Switch Current Gain | | 6 AN
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LT3507A
GLGCTI“CHL CHHRHCTGI“STKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vi1, Vinz, Ving = 12V, Veoost1, VeoosT2, Veoosts = 17V, unless

otherwise noted (Notes 2, 7)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Switch 1 Current Limit (Note 3) Duty Cycle = 15% 43 5.1 6 A
Switch 1 Vgesar Isw1 = 2A (Note 6) 400 600 mV
BOOST1 Operating Current Isw1 = 2A 40 60 mA
Converter 2

Vo to Switch Current Gain 43 AN
Switch 2 Current Limit (Note 3) Duty Cycle = 15% 2.7 3.3 4 A
Switch 2 Vgesar Iswo = 1.5A (Note 6) 350 500 mV
BOOST2 Operating Current Iswo = 1.5A 40 60 mA
Converter 3

Vs to Switch Current Gain 43 AN
Switch 3 Current Limit (Note 3) Duty Cycle = 15% 2.7 3.3 4 A
Switch 3 Veesar Isws = 1.5A (Note 6) 350 500 mV
BOOST3 Operating Current Isws = 1.5A 40 60 mA
LDO Regulator

Feedback Pin Voltage 788 800 812 mV
Feedback Pin Bias Current -150 -500 nA
Error Amplifier Voltage Gain 1100 \AY
Line Regulation Vy from 5V to 36V 0.05 %N
Load Regulation Ippive from 0.1mA to 10mA 0.005 %/mA
DRIVE Output Current Limit 10 15 22.5 mA
Dropout Voltage, V¢ to DRIVE Iprive = 10mA, Viy =5V 1.7 2.0 V
Dropout Voltage, BIAS to DRIVE Iprive = 10mA, Viy = 5V 0.5 0.8 v
Over/Undervoltage Lockout

Undervoltage Lockout Threshold 1.15 1.20 1.25 v
Overvoltage Lockout Threhold 1.15 1.20 1.25 V
Undervoltage Lockout Hysteresis Current V(UVLO) < 1.2V 7 10 13 pA
Overvoltage Lockout Hysteresis Current V(OVLO) > 1.2V -7 -10 -13 pA
Input Bias Current (QVLO and UVLO) V(OVLO) = 1.0V, V(UVLO) = 1.5V -100 -200 nA

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 LT3507AE 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
LT3507Al is guaranteed to meet performance specifications from —-40°C
to 125°C junction temperature. The LT3507AH is guaranteed over the
full -40°C to 150°C operating junction temperature range. High junction
temperatures degrade operating lifetimes. Operating lifetime is derated at

junction temperatures greater than 125°C.

Note 3: Current limit is guaranteed by design and/or correlation to static
test. Slope compensation reduces current limit at higher duty cycles.

Note 4: This is the minimum voltage across the boost capacitor needed to
guarantee full saturation of the internal power switch.

Note 5: This IC includes overtemperature protection that is intended
to protect the device during momentary overload conditions.
Junction temperature will exceed the maximum operating range when
overtemperature protection is active. Continuous operation above the
specified maximum operating junction temperature may impair device
reliability.

Note 6: Switch Vgesar for the FE package is guaranteed by design and/or
correlation to static test.

Note 7: Positive currents flow into pins, negative currents flow out of pins.

Minimum and maximum specifications refer to absolute values.
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LT3507A

TYPICAL PERFORMANCE CHARACTERISTICS
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LT3507A

TYPICAL PERFORMANCE CHARACTERISTICS
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LT3507A

PIN FUNCTIONS

BIAS: The BIAS pin supplies the current to the LT3507A’s
internal regulator. This pin should be tied to the lowest
available voltage source above 3V (either Vi, Voyt Or any
other available supply). The LDO pass transistor’s base
current is supplied from the BIAS pin if it is at least 0.8V
above the LDO DRIVE output.

BOOST1, BOOST2, BOOST3: The BOOST pins are used
to provide drive voltages, higher than the input voltage,
to the internal bipolar NPN power switches. These pins
must be tied through a diode from Vgyr, Viy or another
supply greater than 2.5V.

DRIVE: The DRIVE pin provides the base drive for an
external NPN transistor used for the LDO regulator.

FB1, FB2, FB3: The FB pins are the negative inputs of the
erroramplifiers. The LT3507A regulates each feedback pin
to the lesser of 0.8V or the TRK/SS pin voltage. Connect
the feedback resistor divider taps to these pins.

FB4: The FB4 pin is the negative input to the LDO error
amplifier. Itis regulated to 0.8V through the LDO feedback
resistor divider.

GND: Ground. The underside exposed pad metal of the
package provides both electrical contact to ground and
good thermal contact to the printed circuit board. The
exposed pad must be soldered to a grounded pad on the
circuit board for proper operation.

OVLO: The LT3507A goes into overvoltage shutdown
when this pin goes above 1.2V. If unused, the OVLO pin
should be tied to GND.

PGOOD1, PGOOD2, PGOOD3: The PGOOD pins are the
open-collector outputs of an internal comparator. PGOOD
remains low until the FB pin is within 10% of the final
regulation voltage. As well as indicating output regulation,
the PGOOD pins can sequence the switching regulators.
These pins must be left unconnected if unused. The PGOOD
outputs are valid when Vyy is greater than 3.8V and any of
the RUN pins are high. They are not valid when all RUN
pins are low.

RT/SYNC: The RT/SYNC pin requires a resistor to ground
or a clock signal to set the operating frequency of the
LT3507A.

RUN1, RUN2, RUN3: The RUN pins are used to shut
down the individual switching regulators. When all three
RUN pins are low, the LT3507A shuts down and draws
less than 1pA from V4.

SW1, SW2, SW3: The SW pins are the outputs of the
internal power switches. Connect these pins to the induc-
tors and switching diodes.

TRK/SS1, TRK/SS2, TRK/SS3, TRK/SS4: The TRK/SS pins
allow a regulator to track the output of another regulator.
When the TRK/SS pin is below 0.8V, the FB pin regulates
to the TRK/SS voltage. This pin souces 1.25pA and can
be used as a soft-start by connecting a capacitor from
TRK/SS to ground. The TRK/SS pins should be left open
if neither feature is used.

UVLO: The LT3507A goes into undervoltage shutdown
when this pin drops below 1.2V. If unused, the UVLO pin
should be tied to V\ysw-

V1, Ve, Ves: The Ve pins are the outputs of the internal
error amps. The voltages on these pins control the peak
switch currents. These pins are normally used to com-
pensate the control loops. Each switching regulator can
be shut down by pulling its respective V¢ pin to ground
with an NMOS or NPN transistor.

Vin1: The Viy1 pins supply power to the internal switch of
the 2.7A regulator and to the LT3507A’s internal reference
and start-up circuitry. V,y1 must be above the internal UVLO
threshold of 3.8V (typical) for any of the four channels to
operate. These pins must be locally bypassed.

Vin2/Vins: The Vo and Viys pins supply power to the
internal switches of the 1.8A converters. These pins must
be locally bypassed.

Vinsw: The Viysw pin is a switched V4 for the user pro-
grammable undervoltage and overvoltage detection. It is
connectedto V1 whenany ofthe RUN pins are pulled high,
and high impedance when all RUN pins are low or open.
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LT3507A
BLOCK DIAGRAM
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Figure 1. LT3507A Block Diagram with Typical External Components
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LT3507A

OPERATION

The LT3507A contains three independent, constant fre-
quency, current mode, switching regulators with internal
power switches plus a low dropout linear regulator. The
three regulators share common circuitry including input
source, voltage reference and oscillator, but are otherwise
independent. Operation can be best understood by refer-
ring to the Block Diagram (Figure 1).

If the RUN pins are tied to ground, the LT3507A is shut
downand draws <1pAfromthe input source tied to Vyyj. If
any of the RUN pins are driven above 1V, the internal bias
circuits turn on, including the internal regulator, reference,
and master oscillator. Each switching regulator will only
begin to operate when its corresponding RUN pin reaches
>1.25V. The master oscillator generates three clock signals,
with the signal for channel 1 out of phase by 180°.

The three switchers are current mode regulators. Instead
of directly modulating the duty cycle of the power switch,
the feedback loop controls the peak current in the switch
during each cycle. Comparedto voltage mode control, cur-
rent mode control improves loop dynamics and provides
cycle-by-cycle current limit.

The Block Diagram shows only one of the three step-down
switching regulators. A pulse from the slave oscillator
sets the RS flip-flop and turns on the internal NPN bipo-
lar power switch. Current in the switch and the external
inductor begins to increase. When this current exceeds a
level determined by the voltage at Vg, current comparator
C1 resets the flip-flop, turning off the switch. The current
in the inductor flows through the external Schottky diode
and begins to decrease. The cycle begins again at the next
pulse from the oscillator. In this way, the voltage on the Vg
pincontrolsthe currentthroughthe inductorto the output.
The internal error amplifier regulates the output voltage
by continually adjusting the V¢ pin voltage. The threshold
for switching on the V¢ pin is >0.9V and an active clamp
of 1.8V limits the output current.

Each switcher contains an extra, independent oscillator to
perform frequency foldback during overload conditions.

This slave oscillator is normally synchronized to the master
oscillator. Acomparator senses when Vgis less than 50%
of its regulated value and switches the regulator from the
master oscillatortoa slower slave oscillator. Vggis less than
50% of its regulated value during start-up, short-circuit
and overload conditions. Frequency foldback helps limit
switch current under these conditions.

The TRK/SS pins override the 0.8V reference for the FB
pins when the TRK/SS pins are below 0.8V. This allows
either coincident or ratiometric supply tracking on start-up
as well as a soft-start capability.

The switch drivers operate either from Vy or from the
BOOST pin. An external capacitor and diode are used to
generate a voltage at the BOOST pin that is higher than
the input supply. This allows the driver to saturate the
internal bipolar NPN power switch for efficient operation.

The BIAS pinallows the internal circuitry to draw its current
from a lower voltage supply than the input, also reducing
power dissipation and increasing efficiency. If the voltage
on the BIAS pin falls below 3V, then its quiescent current
will flow from V.

Apowergood comparatortrips whenthe FB pinis at 90% of
its regulated value. The PGOOD outputis an open-collector
transistor that is off when the output is in regulation, al-
lowing an external resistor to pull the PGOOD pin high.
Power good is valid when the LT3507A is enabled and V|
is within normal operating range.

The LDO regulator uses an external NPN pass transistor to
formalinear regulator. The loop is internally compensated
to be stable with a load capacitance of 2.2jF or greater.

The LDOis disabled when all three of the RUN pins are low.

The overvoltage and undervoltage detection shuts down
the LT3507A ifthe OVLO pin >1.2V orthe UVLO pin<1.2V.
Input overvoltage and undervoltage values are set by re-
sistor dividers to Viysw. Hysteresis is provided by 10pA
currents activated when either pin trips. The hysteresis
voltage at V) is the top resistor times 10pA.
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LT3507A

APPLICATIONS INFORMATION
STEP-DOWN CONSIDERATIONS

FB Resistor Network

The output voltage is programmed with a resistor divider
(refer to the Block Diagram) between the output and the
FB pin. Choose the resistors according to:

R1=R2(—V0UT —1)
800mV

The parallel combination of R1 and R2 should be 10k or
less to avoid bias current errors.

Input Voltage Range

The minimum operating voltage is determined either by
the LT3507A’s internal undervoltage lockout (4V) or by
its maximum duty cycle. The duty cycle is the fraction of
time that the internal switch is on and is determined by
the input and output voltages:

Do Your+Ve
Vin = Vsw + Vr

where Vg is the forward voltage drop of the catch diode
(~0.4V) and Vg is the voltage drop of the internal switch
(~0.3V at maximum load). This leads to a minimum input
voltage of:

Vour + VE

-\ +V
DCyay Ft Vsw

Vingwiny =

Theduty cycleisthe fraction of time that the internal switch
is on during a clock cycle. The maximum duty cycle is
generally given by DCMAX =1- tOFF(MIN)' fsw. However,
unlike most fixed frequency regulators, the LT3507A will
not switch off at the end of each clock cycle if there is suf-
ficient voltage across the boost capacitor (C3 in Figure 1)
to fully saturate the output switch. Forced switch off for
a minimum time will only occur at the end of a clock
cycle when the boost capacitor needs to be recharged.
This operation has the same effect as lowering the clock
frequency for a fixed off time, resulting in a higher duty
cycleand lower minimuminputvoltage. The resultant duty
cycle depends on the charging times of the boost capaci-
tor and can be approximated by the following equation:

1
DCI\/IAX R

1+

"B
where B is the output current capacity divided by the typi-
cal boost current from the BOOST pin current vs switch
currentinthe Typical Performance Characteristics section.

The maximum operating voltage without pulse-skipping
is determined by the minimum duty cycle DCyn:

with DGymin = tongminy © fsw.

Thus both the maximum and minimum input voltages are
afunction of the switching frequency and output voltages.
Therefore the maximum switching frequency must be set
to a value that accommodates all the input and output
voltage parameters and must meet both of the following
criteria for each channel:

1
tonminy

Vour + Ve

fwaxi =(

Vings) = Vsw + Vr

Vout + Ve

1
fuaxz = 1-
Vinming =Vsw +VE ) Torrguiny

The values of tonminy and torrwiny are functions of Igy
and temperature (see chart in the Typical Performance
Characteristics section). Worst-case values for switch
currents greater than 0.5A are tongwiny = 130ns (for Ty >
125°C ton(miny = 155ns) and torrwiny = 170ns.

fwmaxi is the frequency at which the minimum duty cycle
is exceeded. The regulator will skip ON pulses in order to
reduce the overall duty cycle at frequencies above fyax1.
It will continue to regulate but with increased inductor
currentand greatly increased output ripple. The increased
peak inductor current in pulse-skipping will also stress
the switch transistor at high voltages and high switching
frequency. If the LT3507A is allowed to pulse-skip and
the input voltage is greater than 20V, then the switching
frequency must be kept below 1.1MHz to prevent damage
to the LT3507A.
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fmaxe is the frequency at which the maximum duty cycle
is exceeded. If there is sufficient charge on the BOOST
capacitor, the regulator will skip OFF periods to increase
the overall duty cycle at frequencies about fyaxe. It will
continue to regulate but with increased inductor current
and greatly increased output ripple.

Note that the restriction on the operating input voltage
refers to steady-state limits to keep the output in regula-
tion; the circuit will tolerate input voltage transients up to
the absolute maximum rating.

Switching Frequency

Once the upper and lower bounds for the switching
frequency are found from the duty cycle requirements,
the frequency may be set within those bounds. Lower
frequencies result in lower switching losses, but require
larger inductors and capacitors. The user must decide
the best trade-off.

The switching frequency is set by a resistor connected
from the RT/SYNC pin to ground, or by forcing a clock
signal into RT/SYNC. The LT3507A applies a voltage of
~1.25V across this resistor and uses the current to set
the oscillator speed. The switching frequency is given by
the following formula:

532
SWoR+12.4

where fgyy is in MHz and Ry is in kQ.

The formula will give a frequency value that is accurate to
within £3%, for better accuracy use Table 1.

Table 1. Ry for Common Frequencies

SWITCHING FREQUENCY (MHz) Ry (k)
0.25 203
0.5 93.8
0.75 58.0
1.0 40.2
125 30.0
15 23.0
1.75 18.0
2.0 143
2.25 114
25 9.17

Thefrequency sync signal will support Vy logic levels from
1.8Vto 5V CMOS or TTL. The duty cycle is not important,
but it needs a minimum on time of 100ns and a minimum
off time of 100ns. If the sync circuit is to be powered from
oneofthe LT3507A outputs there may be start-up problems
if the driving gate is high impedance without a supply or
pulls high or low at some intermediate supply voltage.
The circuit shown in Figure 2 prevents these problems by
isolating the clock sync circuit until the clock is operating.
The Schottky diode should be a low leakage type such as
the BAS70from On Semior CMOD6263 from Central Semi.
RT should be set to provide a frequency within £25% of
the final sync frequency.

I
Ve

CLOCK LT3507A
SYNG 470pF

1k
CLK —'\/\N—I R7/SYNC SW1 VouT1
i BAS70 & Ry i

- = 3507AF02

Figure 2. Clock Powered from LT3507A Output

Inductor Selection and Maximum OQutput Current

The current in the inductor is a triangle wave with an
average value equal to the load current. The peak switch
current is equal to the output current plus half the peak-
to-peak inductor ripple current. The LT3507A limits its
switch current in order to protect itself and the system
from overload faults. Therefore, the maximum output
current that the LT3507A will deliver depends on the
switch current limit, the inductor value and the input and
output voltages.

When the switch is off, the potential across the inductor
is the output voltage plus the catch diode drop. This gives
the peak-to-peak ripple current in the inductor:

Vour + Ve
Lef
where f is the switching frequency of the LT3507A and L

is the value of the inductor. The peak inductor and switch
current is:

Al =(1-DC)

Al

lswek =ILpk =lout + 5
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To maintain output regulation, this peak current must be
less than the LT3507A’s switch current limit, 1. For
SWA, I mistypically5.1Aatlow duty cycles and decreases
linearly to 3.7A at DC = 0.8. For SW2 and SW3, I is
typically 3.3A for at low duty cycles and decreases linearly
to2.4AatDC=0.8.

The minimum inductance can now be calculated as:

L _1-DCu , Vour +VE
MIN = Def

L —lout

However, it's generally better to use an inductor larger
than the minimum value. The minimum inductor has large
ripple currents which increase core losses and require
large output capacitors to keep output voltage ripple low.
Select an inductor greater than Ly that keeps the ripple
current below 30% of Iy .

Theinductor’s RMS current rating must be greaterthanthe
maximum load current and its saturation current should
be greater than I pk. For highest efficiency, the series
resistance (DCR) should be less than 0.1Q. Table 2 lists
several vendors and series that are suitable.

Table 2. Inductors

INDUCTANCE CURRENT
MANUFACTURER SERIES RANGE RANGE
Wiirth WE-HC 1pH to 6.5pH 6A to 15A
Coilcraft XAL40xx 0.22pH to 15uH | 3.3At0 21.5A
Sumida CDRH103R 0.8uH to 10pH 2.8At0 8.3A
TDK VLF 2.2H to 10pH 3.8Ato7.7A
Vishay [HLP-2525CZ-11 1pH to 10pH 2.5A 10 9.5A

This analysis is valid for continuous mode operation
(lout > lLim/2). For details of maximum output current in
discontinuous mode operation, see Linear Technology’s
Application Note AN44. Finally, for duty cycles greater
than 50% (Vout/Viy > 0.5), @ minimum inductance is
requiredtoavoid subharmonic oscillations. This minimum
inductance is:
SW1:Lyuy = (Vour +VF).f0_A
sw
0.75

fow

SW2, SW3: Ly =(Vour + Vi )

with Lyyn in pH and fgyy in MHz.

Output Capacitor Selection

The output capacitorfilters the inductor currentto generate
an output with low voltage ripple. It also stores energy in
orderto satisfy transient loads and stabilize the LT3507A’s
control loop. Because the LT3507A operates at a high
frequency, minimal output capacitance is necessary. In
addition, the control loop operates well with or without
the presence of output capacitor series resistance (ESR).
Ceramic capacitors, which achieve very low output ripple
and small circuit size, are therefore an option.

You can estimate output ripple with the following
equations:

Al . ,
ViippLE = =—— = for ceramic capacitors
8+f+Coyr

and
VrippLe = Al *ESR for electrolytic capacitors
(tantalum and aluminum)

where Al isthe peak-to-peak ripple currentinthe inductor.
The RMS content of this ripple is very low so the RMS
current rating of the output capacitor is usually not of
concern. It can be estimated with the formula:

Al
lorms) = 712

Another constraint on the output capacitor is that it must
have greater energy storage thanthe inductor; ifthe stored
energy inthe inductortransfers to the output, the resulting
voltage step should be small compared to the regulation
voltage. For a 5% overshoot, this requirement indicates:

2
Cour >10-L-('Lﬂ)
Vout

The low ESR and small size of ceramic capacitors make
them the preferred type for LT3507A applications. Not all
ceramic capacitors are the same, however. Many of the
higher value capacitors use poor dielectrics with high
temperature and voltage coefficients. In particular, Y5V and
Z5U types lose a large fraction of their capacitance with
applied voltage and attemperature extremes. Because loop
stabilityandtransient response depend onthe value of Gy,
this loss may be unacceptable. Use X7R and X5R types.
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Electrolytic capacitors are also an option. The ESRs of
most aluminum electrolytic capacitors are too large to
deliver low output ripple. Tantalum, as well as newer,
lower-ESR organic electrolytic capacitors intended for
power supply use are suitable. Chose a capacitor with a
low enough ESR for the required output ripple. Because
the volume of the capacitor determines its ESR, both the
size and the value will be larger than a ceramic capacitor
that would give similar ripple performance. One benefit
is that the larger capacitance may give better transient
response for large changes in load current. Table 3 lists
several capacitor vendors.

Table 3. Low ESR Surface Mount Capacitors

MANUFACTURER | TYPE SERIES
Taiyo-Yuden Ceramic
AVX Ceramic
Tantalum TPM, TPS
Kemet Ceramic
Tantalum T494, T495
Tantalum Organic Polymer | T510, T520, T525, T530
Aluminum Qrganic Polymer | A700
Sanyo Tantalum Organic Polymer | POSCAP
Aluminum QOrganic Polymer | 0S-CON
Panasonic Ceramic
Aluminum Organic Polymer | SP CAP
TDK Ceramic

Diode Selection

The catch diode (D1 from Figure 1) conducts current only
during switch off time. Average forward current in normal
operation can be calculated from:

| lour (Vin=Vour)
D(AVG) = Vy

The only reason to consider a diode with a larger current
rating than necessary for nominal operation is for the
worst-case condition of shorted output. The diode current
will then increase to the typical peak switch current. Peak
reverse voltage is equal to the regulator input voltage. Use
adiode with areverse voltage rating greater than the input
voltage, but not higherthan 40V. Using higher breakdown
Schottky diodes may result in undesirable behavior. The
programmable OVLO can protect the diode from excessive
reverse voltage by shutting down the regulator if the input

voltage exceeds the maximum rating of the diode. Table
4 lists several Schottky diodes and their manufacturers.

Table 4. Schottky Diodes

PART
MANUFACTURER NUMBER | CURRENT | Vg AT OUTLINE
On Semiconductor MBRS240 2A 0.43V SMB

On Semiconductor MBRS340 3A 0.5V SMC

On Semiconductor MBRD340 3A 0.6V DPAK
Diodes, Inc. B240A 2A 0.5V SMA
Diodes, Inc. B340 3A 0.5V SMC
Diodes, Inc. SMB340 3A 0.5V | Powermite 3

CMSH3-40 3A 0.5V SMC
CSHD3-40 3A 0.65V DPAK

Central Semiconductor
Central Semiconductor

Boost Pin Considerations

The capacitor and diode tied to the BOOST pin generate a
voltage thatis higherthanthe inputvoltage. In most cases,
a small ceramic capacitor and fast switching diode (such
as the CMDSH-3 or MMSD914LT1) will work well. The
capacitor value is a function of the switching frequency,
peak current, duty cycle and boost voltage; in general a
value of (0.1pF « TMHz/fs\y) works well. Figure 3 shows
three ways to arrange the boost circuit. The BOOST pin
must be more than 2.5V above the SW pin for full ef-
ficiency. For outputs of 3.3V and higher, the standard
circuit (Figure 3a) is best. For outputs between 2.8V and
3.3V, use a small Schottky diode (such as the BAT54).
For lower output voltages, the boost diode can be tied
to the input (Figure 3b). The circuit in Figure 3a is more
efficient because the BOOST pin current comes from a
lower voltage source. Finally, as shown in Figure 3c, the
anode of the boost diode can be tied to another source
that is at least 3V. For example, if you are generating 3.3V
and 1.8V and the 3.3V is on whenever the 1.8V is on, the
1.8V boost diode can be connected to the 3.3V output. In
this case, the 3.3V output cannot be set to track the 1.8V
output (see Output Voltage Tracking).

In any case, be sure that the maximum voltage at the
BOOST pin is less than 53V and the voltage difference
between the BOOST and SW pins is less than 25V.

The minimum operating voltage of an LT3507A applica-
tion is limited by the internal undervoltage lockout and by
the maximum duty cycle. The boost circuit also limits the
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LT3507A
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l
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VBoosT — Vsw = Vout
MAX VBoosT = Vin + Vout

(3a) D2
l

BOOST c3

LT3507A
Vin Vin Sw Vout

=1 T

VBoosT — Vsw = Vin
MAX VBoosT = 2Vin

(3b)

Vinp > 3V Y

BOOST J_

C3

T

LT3507A
SW Vour

1

VBoost — Vsw = Ving

i =

3507A FO3

MAX Vgoost = Ving + Vin
MINIMUM VALUE FOR Vg = 3V

(3c)

Figure 3. Generating the Boost Voltage

minimum input voltage for proper start-up. If the input
voltage ramps slowly, or the LT3507A turns on when
the output is already in regulation, the boost capacitor
may not be fully charged. Because the boost capacitor
charges with the energy stored in the inductor, the circuit
will rely on some minimum load current to get the boost
circuit running properly. This minimum load will depend
on input and output voltages, and on the arrangement of
the boost circuit. The minimum load current generally
goes to zero once the circuit has started. Figure 4 shows
a plot of minimum load to start and to run as a function
of input voltage. Even without an output load current, in

o
o

Tp=25°C

7.5 [Vour=5v

7.0
S TO START
2
S 60
>
5
2 55
= TO RUN

5.0

45

40

0.001 0.010 0.100 1.000

LOAD CURRENT (A)

3507A F0da

many cases the discharged output capacitor will present
a load to the switcher that will allow it to start.

The boost current is generally small but can become sig-
nificant at high duty cycles. The required boost current is:

1 [ Vour |(lour
50057 |y || ag

Converter with Backup Output Regulator

There is another situation to consider in systems where
the output will be held high when the input to the LT3507A
is absent. If the V| and one of the RUN pins are allowed

5.5

Tp =25
Vour=3.3V
5.0
S 45
& TO START
<<
S 40
=
5 TO RUN
< 35
3.0
25
0.001 0.010 0.100 1.000

LOAD CURRENT (A)

3507 F04b

Figure 4. The Minimum Input Voltage Depends on Output Voltage, Load Current and Boost Circuit
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to float, then the LT3507A’s internal circuitry will pull its
quiescent current through its SW pin. This is acceptable
if the system can tolerate a few mA of load in this state.
With all three RUN pins grounded, the LT3507A enters
shutdown mode and the SW pin current drops to <50pA.
However, if the Vjy pinis grounded while the output is held
high, then parasitic diodes inside the LT3507A can pull
large currents from the output through the SW pin and the
Vy pin. A Schottky diode in series with the input to the
LT3507A, as shown in Figure 5, will protect the LT3507A
and the system from a shorted or reversed input.

PARASITIC DIODE

X

) D4 Vi QF Sw .
V _>VT LT3507A V
71 =

by
- - =

3507A F05

Figure 5. Diode D4 Prevents a Shorted Input from
Discharging a Backup Battery Tied to the Qutput

Input Capacitor Selection

Bypass the input of the LT3507A circuit with a 10pF or
higher ceramic capacitor of X7R or X5R type. The following
paragraphs describe the input capacitor considerations
in more detail.

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 LT3507A input and to force this switching current
into a tight local loop, minimizing EMI. The input capaci-
tor must have low impedance at the switching frequency
to do this effectively and it must have an adequate ripple
current rating. With three switchers operating at the same
frequency but with different phases and duty cycles, cal-
culating the input capacitor RMS current is not simple;
however, a conservative value is the RMS input current
for the phase delivering the most power (Voyr * loyT):

| | .\/VOUT(VIN_VOUT) lout
IN(RMS) ='ouT Viy < 2

and is largest when Viy = 2Vgyt (50% duty cycle). As
the second, lower power channel draws input current,
the input capacitor’s RMS current actually decreases as
the out-of-phase current cancels the current drawn by the
higher power channel. Considering that the maximum load
current from a single phase (if SW2 and SW3 are both
at maximum current) is ~3.6A, RMS ripple current will
always be less than 1.8A.

The high frequency of the LT3507A reduces the energy
storage requirements of the input capacitor, so that the
capacitance required is often less than 10uF. The combi-
nation of small size and low impedance (low equivalent
series resistance or ESR) of ceramic capacitors makes
them the preferred choice. The low ESR results in very
low voltage ripple. Ceramic capacitors can handle larger
magnitudes of ripple current than other capacitor types
of the same value. Use X5R and X7R types.

An alternative to a high value ceramic capacitor is a lower
value along with alarger electrolytic capacitor, for example
a1yFceramic capacitor in parallel with alow ESR tantalum
capacitor. For the electrolytic capacitor, a value larger than
10pF will be required to meet the ESR and ripple current
requirements. Because the input capacitor is likely to see
high surge currents when the input source is applied, tan-
talum capacitors should be surge rated. The manufacturer
may also recommend operation below the rated voltage
of the capacitor. Be sure to place the 1pF ceramic as close
as possible to the Vi and GND pins on the IC for optimal
noise immunity.

A final caution is in order regarding the use of ceramic
capacitors at the input. A ceramic input capacitor can
combine with stray inductance to form a resonant tank
circuit. If poweris applied quickly (forexample by plugging
the circuit into a live power source), this tank can ring,
doubling the input voltage and damaging the LT3507A.
The solutionis to either clamp the input voltage or dampen
the tank circuit by adding a lossy capacitor in parallel with
the ceramic capacitor. For details, see Application Note 88.
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Frequency Compensation

The LT3507A uses current mode control to regulate the
output. This simplifies loop compensation. In particular,
the LT3507A does not depend on the ESR of the output
capacitor for stability so you are free to use ceramic ca-
pacitors to achieve low output ripple and small circuit size.

The components tied to the Vg pin provide frequency
compensation. Generally, a capacitor and a resistor in
series to ground determine loop gain. In addition, there
is a lower value capacitor in parallel. This capacitor filters
noise at the switching frequency and is not part of the
loop compensation.

Loop compensation determines the stability and transient
performance. Designing the compensation network is a bit
complicated and the best values depend on the application
and the type of output capacitor. A practical approach is to
start with one of the circuits in this data sheet thatis similar
to your application and tune the compensation network
to optimize the performance. Check stability across all
operating conditions, including load current, input voltage
and temperature. The LT1375 data sheet contains a more
thorough discussion of loop compensation and describes
how to test the stability using a transient load. Application
Note 76 is an excellent source as well.

Figure 6 shows an equivalent circuit for the LT3507A
control loop. The error amp is a transconductance am-
plifier with finite output impedance. The power section,
consisting of the modulator, power switch and inductor
is modeled as a transconductance amplifier generating an
output current proportional to the voltage at the V¢ pin.
The gain of the power stage (gmp) is 6S for chanel 1 and
4.3S for chanels 2 and 3. Note that the output capacitor
integrates this current and that the capacitor on the V¢ pin
(C¢) integratesthe erroramplifier output current, resulting
in two poles in the loop. In most cases, a zero is required
and comes either from the output capacitor ESR or from
aresistor in series with G¢. This model works well as long
as the inductor current ripple is not too low (AlgippLE >
5% lgyt) and the loop crossover frequency is less than
fsw/5. A phase lead capacitor (Cpy) across the feedback
divider may improve the transient response.

LT3507A

CURRENT MODE Vsw
POWER STAGE
ERROR

Omp AMPLIFIER

R1 CpL
FB % |
-r Yy /"7 r=m==T=m=- o ————
! 33008 | P! |
500k I 1ESRS 1| | !
800mV A BT i
1 1 | 1
1 1 1
1 ]
R2

OUTPUT

GND  |vg =

il

T~
S i

Figure 6. Loop Response Model

___________

CERAMIC

POLYMER
OR

Cr TANTALUM

3507A F06

SHUTDOWN

The RUN pins are used to place the individual switching
regulators andthe internal bias circuits in shutdown mode.
When all three RUN pins are pulled low, the LT3507A is
in shutdown mode and draws less than 1pA from the
input supply. When any RUN pin is pulled high (>1.25V)
the internal reference, the LDO and selected channel are
all turned on.

The RUN pins draw a small amount of current to power
the reference. The current is less than 3pA at 1.8V, so the
RUN pin can be driven directly from 1.8V logic. The RUN
pins are rated up to 36V and can be connected directly to
the input voltage.

A RUN pin cannot be pulled up by logic powered by its
own output,i.e., RUN1 can’t be pulled up by logic powered
by OUT1.

POWER GOOD INDICATORS

The PGOOD pin is the open-collector output of an internal
comparator. PGOOD remains low until the FB pin is within
10% of the final regulation voltage. Tie the PGOOD to any
supply with a pull-up resistor that will supply less than
200pA. Note that this pin will be open when the LT3507A
is in shutdown mode (all three RUN pins at ground)
regardless of the voltage at the FB pin. PGOOD is valid
when the LT3507A is enabled (any RUN pin is high) and
V| is greater than ~3.5V.
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LT3507A LT3507A ¢ LT3507A
RUNT ——] RUN1 RUN RUNT TRK/SS1 —| mq% RUNT
20 Vinsw
RUN2 ——] RUN2 RUN2 TRK/SS2 —|
<
RUN3 ——] RUNS3 RUN3 TRK/SS3 £| I t T_ PG1
1 "'Iq_ - Hruwe
(7a) (7h) = 7 PG2
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LT3507A -hg_ -
RUN RUN1 TRK/SST —||— Vi = = (7c)
U PR LT3507A
RUN3  TRK/SS2 I-o RUN2
pe2 PG1
TRK/SS3 1| I-o
(7d) - (7e)
Doesn’t Work!

Figure 7. Output Sequencing

OUTPUT SEQUENCING

The LT3507A outputs can be sequenced in several ways.
The circuits in Figure 7 show some examples of these. In
each case channel 1 starts first, followed by channel 2,
then channel 3. The sequence shown is nota requirement;
the LT3507A can sequence the channelsinany order. Note
that these circuits sequence the outputs during start-up.
When shutdownthe three channels turn off simultaneously.

The most obvious method is to bring the RUN pins up
individually in the sequence desired (Figure 7a). This is
the ideal solution if full independent control of all three
channels is needed. This is also a simple solution, but it
does require three logic inputs.

Another possibility is to use the soft-start feature to slow
the start-up of specific channels (Figure 7b). All three RUN
pins are tied together and the difference in soft-start ca-
pacitance will determine the start-up sequence. The larger
capacitor on channel 2 slows its start-up with respect to
channel 1, and channel 3 is even slower. The capacitor on
the delayed channel should be at least twice the value of
the capacitor on the faster channel. A larger ratio may be
required, depending onthe output capacitance and load on
each channel. Make sure to test the circuit in the system
before deciding on final values for these capacitors. Also

remember that the delayed channels will start rising right
away, just at a slower rate than the faster channels.

The PG pins can be also used to sequence the three out-
puts. In Figure 7¢, the PG pins drive the RUN pins directly.
Channel 2 will be held off until channel 1 is in regulation
and channel 3 is held off until channel 2 is in regulation.
The resistors pull up to Viysw so that there is no current
draw in shutdown. They should be sized to provide at least
1pAintothe RUN pin. The capacitors keep channels 2and 3
off until the power good comparators are functioning (the
power good comparators are disabled in shutdown). The
FETs are necessary to insure the RUN2 and RUN3 pins
are held low during shutdown.

In Figure 7d, the PG pins pull down the TRK/SS pins of
the delayed channels. This is a simple solution requiring
no extra components. Channel 2 is held off by the PG1
output pulling TRK/SS2 down until channel 1 is at 90% of
its final value. PG1 then goes high impedance and allows
the channel 2 soft-start circuit to charge the soft-start
capacitor bringing channel 2 up. Similarly, channel 3 is
held off by PG2.

The circuits in Figure 7a and 7b leave the power good
indicators free. However, the circuits in Figures 7¢ and
7d have another advantage. As well as sequencing the
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Figure 8. Two Different Modes of Output Voltage Tracking
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Figure 9. Setup for Coincident and Ratiometric Tracking

outputs at start-up, they also disable the slaved channels
if the master channel falls out of regulation (due to a short
circuit or a collapsing input voltage).

Finally, be aware that the circuit in Figure 7e does not
work, because the power good comparators are disabled
in shutdown.

OUTPUT VOLTAGE TRACKING

The LT3507A allows the user to program how the output
ramps up by means of the TRK/SS pins. Through these
pins, any channel output can be set up to either coinci-
dently or ratiometrically track any other channel output.
This example will show the channel 2 output tracking the
channel 1 output, as shown in Figure 8. The TRK/SS2 pin
acts as a clamp on channel 2’s reference voltage. Voyre
is referenced to the TRK/SS2 voltage when the TRK/SS2
< 0.8V and to the internal precision reference when TRK/
SS2 > 0.8V.

To implement the coincident tracking in Figure 8a, con-
nect an extra resistive divider to the output of channel 1
and connect its midpoint to the TRK/SS2 pin (Figure 9).

The ratio of this divider should be selected the same as
that of channel 2’s feedback divider (R5 = R3 and R6 =
R4). In this tracking mode, Voyt1 must be set higher than
Voute. Toimplement the ratiometric tracking in Figure 8b,
change the extra divider ratio to R5 = R1 and R6 = R2 +
AR. The extra resistance on R6 should be set so that the
TRK/SS2 voltage is >1V when Vgyry is at its final value.

The need for this extra resistance is best understood with
the help of the equivalent input circuit shown in Figure 10.
Attheinputstage of the erroramplifier,two commonanode
diodes are used to clamp the equivalent reference voltage
and an additional diode is used to match the shifted com-
mon mode voltage. The top two current sources are of
the same amplitude. In the coincident mode, the TRK/SS2

b6
1.25pA +
D1 + ‘ D2
TRK/SS
0.8V 4-[

WV D3
T

EA2

FB

3507A F10

Figure 10. Equivalent Input Circuit of Error Amplifier
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voltage is substantially higherthan 0.8V at steady state and
effectively turns off D1. D2 and D3 will therefore conduct
the same current and offer tight matching between Vego
andtheinternal precision 0.8V reference. Inthe ratiometric
mode with R6 = R2, TRK/SS2 equals 0.8V at steady state.
D1 will divert part of the bias currentand make Vggo slightly
lower than 0.8V. Although this error is minimized by the
exponential -V characteristic of the diodes, it doesimpose
a finite amount of output voltage deviation. Further, when
channel 1’s output experiences dynamic excursions (under
load transient, for example), channel 2 will be affected as
well. Setting R6to a value that pushes the TRK/SS2 voltage
to 1V at steady state will eliminate these problems while
providing near ratiometric tracking.

The example shows channel 2 tracking channel 1, however
any channel may be set up to track any other channel.

If a capacitor is tied from the TRK/SS pin to ground, then
theinternal pull-up current will generate a voltage ramp on
this pin. This results in a ramp at the output, limiting the
inductor currentand therefore input current during start-up.
A good value for the soft-start capacitor is Coy1/10,000,
where Coyr is the value of the output capacitor.

MULTIPLE INPUT SUPPLIES

Vin1, Vine and Vi3 are independent and can be powered
with different voltages provided V,y1 is present when Viyo
or Vys is present. Each supply must be bypassed as close
to the V) pins as possible.

For applications requiring large inductors due to high V)
to Vgyr ratios, a 2-stage step-down approach may reduce
inductor size by allowing an increase in frequency. A dual
step-down application steps down the input voltage (Vin1)
to the highest output voltage, then uses that voltage to
power the other outputs (V2 and Vy3). Voyt1 must be
able to provide enough current for its output plus the
input current at Vo and V3 when Voyto and Voyrs are
at maximum load. The Typical Applications section shows
a 36V to 15V, 1.8V and 1.2V 2-stage converter using this
approach.

For applications with multiple voltages, the LT3507A can
accommodate input voltages as low as 3V on V2 and

Vns. This can be useful in applications regulating outputs
from a PCI Express bus, where the 12V input is power
limited and the 3.3V input has power available to drive
other outputs. In this case, tie the 12V input to Vi1 and
the 3.3V input to Vo and Vys.

LOW DROPOUT REGULATOR

The low dropout regulator comprises an error amp, loop
compensationand a base drive amp. |t uses the same 0.8V
reference as the switching regulators. It requires an external
NPN pass transistor and 2.2pF of output capacitance for
stability. The internal compensation is stable with loads
up to 300mA.

The dropout characteristics will be determined by the pass
transistor. The collector-emitter saturation characteristics
will limit the dropout voltage. Table 5 lists some suitable
NPN transistors with their saturation specifications.

The base drive voltage has a maximum voltage of 5V.
This will limit the maximum output of the regulator to
5V — VgesaT Where Vgesar is the base-emitter saturation
voltage of the pass transistor.

Table 5. Low V¢gsar Transistors

Vesat AT

PART NUMBER Ic=1A OUTLINE MANUFACTURER
ZXTN25012EZ 0.06 S0T89 Zetex .
ZXTN25020DG 0.075 soTe23 | Www.diodes.com
NSS20201JT1G 0.22 SC-89 On Semiconquctor
NSS12201LT1G 0.08 SQT-23 | Www.onsemi.com
CTLT3410-M621 0.28 1mm x 2mm | Central Semiconductor

TLM621 www.central-semi.com

The LDO is always on when any of the switcher channels
is on. The LDO may be shut down if it is unused by pull-
ing the FB4 pin up with a 30pA current source. The FB4
pin will clamp at about 1.25V and the LDO will shut off
reducing power consumption. This pull-up can be sourced
from one of the LT3507A outputs provided that channel
is always on when the other channels are on.

The output stage of the LDO will drive the NPN base from
the BIAS voltage if it is at least 0.8V above the LDO DRIVE
voltage.
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FB Resistor Network

The output voltage of the LDO regulator is programmed
witharesistor divider (Referto Block Diagram) betweenthe
emitter of the external NPN pass resistor and the feedback
pin, FB4. Choose the resistors according to

R1=Rz(m_1)

800mV

The parallel combination of R1 and R2 should be 10k or
less to avoid bias current errors.

PROGRAMMABLE OVERVOLTAGE AND
UNDERVOLTAGE LOCKOUT

The LT3507A provides two input pins that allow user-
programmable overvoltage and undervoltage lockout. Both
the trip levels and hysteresis can be set by resistor values.

Vinsw provides a switched V¢ to minimize power con-
sumption in shutdown. Vysy is connected to Viy1 when
the LT3507A is operating, with a saturation voltage of
about 0.3V. It is high impedance when the LT3507A is in
shutdown (all three RUN pins low).

The programmable lockout is a pair of comparators with
the trip level setat 1.2V. The OVLO comparator trips when
the OVLO pin exceeds 1.2V while the UVLO compara-
tor trips when the UVLO pin drops below 1.2V. These
comparators shut down all four regulators until the input
voltage recovers.

The comparators also activate current sources that gener-
ate hysteresis to eliminate chatter. The UVLO comparator
activates a 10pA current sink on the UVLO pin. The OVLO
comparator activates a 10pA current source on the OVLO
pin. These currents generate hysteresis voltage through
the resistance of the divider string.

Figure 11 shows a typical connection. The threshold
voltages are:

R3
V, =0.3V+1.2Ve[1+—
OVTH + ( +R4)

R1
Vi =0.3V+1.2Ve[1+—
UVTH + ( +R2)

where 0.3V is the typical Vy1-Vinsw voltage drop.

The hysteresis voltages are:
Vovhyst = 10pA «R3
Vuvryst = 10pA < R1

If the overvoltage lockout is not used, the OVLO pin must
be tied to ground. If the undervoltage lockout is not used,
the UVLO pin must be tied to Viysw.

Vinsw
10pA
R1&R3 yvLo
]
R2
> I b— UVLO
+
—12V
lb—l I +
<>
§R4
<)

— 10pA  sso7aFit

Figure 11. Undervoltage and Overvoltage Lockout Circuit

PCB LAYOUT

For proper operation and minimum EMI, care must be
taken during printed circuit board (PCB) layout. Figure 12
shows the high current paths in the step-down regula-
tor circuit. Note that in the step-down regulators large,
switched currents flow in the power switch, the catch
diode and the input capacitor. The loop formed by these
components should be as small as possible. Place these
components, along with the inductor and output capacitor,
on the same side of the circuit board and connect them
on that layer. Place a local, unbroken ground plane below
these components and tie this ground plane to system
groundatone location, ideally atthe ground terminal of the
output capacitor C2. Additionally, keep the SWand BOOST
nodes as small as possible and away from any FB or Vg
pins. Figure 13 shows an example of proper PCB layout.
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I lout
Vin SW

T T

GND

|

o i i
<

In lout
> Ve swl|
AN PR
T ST T
(12b Switch Off) =

Vi

SW

\TZ‘

GND

:

LT
t

L1
D1 T c2
-

3507A F12

(12c High Frequency Switching Loop)

Figure 12. Subtracting the Current When the Switch Is On (12a) from the Current When the Switch Is Off (12b)
Reveals the Path of the High Frequency Switching Current (12c)

GND

Figure 13. Power Path Components and Topside Layout

THERMAL CONSIDERATIONS

The high output current capability of the LT3507A will
require careful attention to power dissipation of all the
components to insure a safe thermal design. The PCB
must provide heat sinking to keep the LT3507A cool.
The exposed pad on the bottom of the package must be
soldered to a ground plane. This ground should be tied
to other copper layers below with thermal vias; these lay-
ers will spread the heat dissipated by the LT3507A. Place

additional vias near the catch diodes. Adding more copper
to the top and bottom layers and tying this copper to the
internal planes with vias can reduce thermal resistance
further. With these steps, the thermal resistance from die
(or junction) to ambient can be reduced to 6,5 = 34°C/W
or less (QFN). With 100 LFPM airflow, this resistance can
fall by another 25%. Further increases in airflow will lead
to lower thermal resistance.
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The maximum allowed power dissipation by the LT3507A
can be determined by:

Tymax) = Ta

Poissvax) = 0,

where Tyax is the maximum die temperature of 125°C
(150°C for H-grade).

However, take care in determining Tp since the catch di-
odes also dissipate power and must be located close to
the LT3507A. Another potential heat source is the LDO
pass transistor. In a compact layout the pass transistor
will be located close to the LT3507A. The inductors will
also dissipate some power due to their series resistance
and they must be close to the LT3507A. All of these heat
sources will increase the effective ambient temperature
seen by the LT3507A.

A thorough analysis of eight heat sources in a small PCB
area is beyond the scope of this data sheet, however a
number of thermal analysis programs are available to
calculate the temperature rise in each component (such as
PCAnalyze from K&K Associates or Flo Therm PCB from
Mentor). The power dissipation of each component will be
needed to accurately calculate the thermal characteristics
of the system.

The contributors to power dissipation inside the LT3507A
are switch DC loss, switch AC loss, boost current, quies-
cent current and LDO drive current. The total dissipation
within the LT3507A can be expressed as:

3
Poiss = _21(Psw00i +Pgwaci +Pasti) +Pa +PLoo

The switch DC and AC losses in channel i are:

2
p._Rswi (louri)” Vouri
SWDCi = Vi

Powaci = 1708 (louri ) (Vini ) (f)

where Rgyyi is the equivalent switch resistance (0.18< for
channel 1 and 0.22Q for channels 2 and 3) and f is the
operating frequency.

The boost loss in channel i is:

| .
Vouri (VBOOSTi)( 05UOT' +0-02A)
Pasti= Voo
|

The quiescent loss is:

Pa = Vint(lavint) + Veias(loias))

If the BIAS pin does not have a voltage of at least 3V ap-
plied, then V1 must replace Vgjag in the equation. Also,
laqvint) can be reduced by 0.2maA (typ) if the LDO is shut
off (see the LDO section).

The LDO drive loss is:

lout(Loo
PLpo =(VBias ~VLooour) —0-7V)(m :

if VBlAS = VLDO(OUT) +1 5\/

or

lout(Loo
PLDO=(VIN1_VLDO(OUT)_0-7\/)( D )),
Brass

if VB|AS <VLDO(0UT) +1 5V

where Bpass is the current gain of the external pass
transistor.

Next, the power in the external components must be taken
into account. The diode power is given by:

p o _% (Vi = Vour =k )lour
DIODE = Vi

where Vg is the forward drop of the diode at lgyt.
The inductor power is:

Pinp = (lour)? ESRinp
where ESRyp is the inductor equivalent series resistance.
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The LDO pass transistor power is:

Pnpn = loutLpo(Ve — VoutLpo)

where V¢ is the collector voltage on the NPN pass tran-
sistor.

Example: An LT3507A design requirements are:
Vi =8V, f=500kHz
Vi=25Vatil=16A
V2 =3.3Vat 12 = 0.8A (used for boost, bias and V4)
V3=12Vatl3=1A
V4 =3V at 14 =0.2A (from 3.3V output)
Ta =50°C, Tymax = 125°C
0a = 34°C/W
Schottky Vg = 0.45V and Inductor ESR = 0.05Q
Poissviax) =%

0.18Q(1.6A)" 2.5V
I:)SWDC1 = 8V

Pswac1=17ns(1.6A)(8V)(500k)=0.11W

2.5V(3.3V)(%+0.02A

Pacry=
BST1 8V

=2.2W

=0.14W

)=0.06W

Similarly, Pswpc2=0.09W, Ps\waco=0.07W, PgsT2=0.06W,
PSWDCS = 0.03W, PSWACS = 0.07W and PBSTZ = 0.03W.
Remember, the total current from channel 2is 12 + 14 since
the LDO pass transistor draws from V2. Ignore bias and
boost currents.

Py =8V(3.5mA)+3.3V (7.5mA) = 0.05W

0.2A
P.po=8V|——|=0.02W

The total dissipation onthe LT3507A is the sum of all these
and is equal to 0.73W. Note that this is less than half of
Ppiss(max). Next, the power dissipation of the external
components are:

0.45V(8V 2.5V ~0.45)1.6A

Pyot =(1.6A)?0.05Q=0.13W

Similarly, PDIODE2=O-24W’ Pinp2=0.05W, PD|ODE3=O.36W
and Pyp3 = 0.05W. And finally:

Py = 0.2A(3.3V — 3V) = 0.06W

Thusthetotal power dissipated by the LT3507Aand external
components is 2.08W. The thermal analysis will use these
power dissipations to calculate the internal component
temperatures. Make sure that none of the components
exceed their rated temperature limits.

RELATED LINEAR TECHNOLOGY PUBLICATIONS

Application Notes 19, 35, 44, 76 and 88 contain more
detailed descriptions and design information for buck
requlators and other switching regulators. The LT1375
data sheet has a more extensive discussion of output
ripple, loop compensation, and stability testing. Design
Note 318 shows how to generate a dual polarity output
supply using a buck regulator.
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3.3V, 5V and 12V from a 24V Input with Ratiometric Tracking

100k
49.9k

Vin e o
21V 70 27V T 1 1
BAT?\4 = S0V Vit Vinz  Ving Vinsw
> ? BOOST1 uvLO
VouTt J L133yH ——0.1yF
3.3V —¢ SW1 OVLO
9A 34.8k
\~¢ FB1
1000pF
22uF
|— Vg1 PGOOD1
11k PGOOD2
' 1.6nF PGOOD3
I— TRK/SS1 BOOST3
:41 2 | 18.2k T TRISS2
.,_,\M,_l_,\,;,vl TRK/SS3
OATSE = BOOST2 0T SW3
Vourr 9 L2688 == q1yF
5V SW2 FB3
197 53.6k
1 o | v
n C3
| 2
|— Ve
24.3k
BIAS
- RUN1 DRIVE
RUN2 FB4
SHDN RUNS3
RT/SYNC TRK/SS4
54.9k GND

\4

453k
OVLO = 29V
4.32k
N UVLO =16V
Voutt

100k & 100k & 100k
> <

— NC

L
= fow=800kHz =

"= 3507A TAD2

<& PGOOD1
PGOOD2
- PGOOD3
4 Voutt
| J< BAT54
— — 0.1pF
L3 10pH VouTs
12V
140k 1A
\ 4 ‘VAV
10pF

Voutt

68.1k

D1: ON SEMI MBRS230LT3

D2, D3: ON SEMI MBRA130LT3
L1: COILCRAFT DO1813H-332ML
L2: COILCRAFT DO1813H-682ML
L3: COILCRAFT DO1813H-103ML
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5V, 3.3V, 2.5V and 1.8V with Coincident Tracking

18.2k

Vin 49.9k
36V - - Do T 1 |
= Vit Vinz Ving Vinsw
e »—¢———so0sTi uvLo -
UTH 4-7|J|'I __0.22|JF
1.8V Y Y M SW1 OVLO
) 7A 18.7k
\—e FB1
680pF
100pF
|— Vs PGOOD1
PGOOD2
18.7k PGOOD3
J: %151( hd LT3507A
0.224F 10pH
18.7k —_
Vourz —pp| BOOST3 SW2 |—e 2894
0.224F FB2 -\ \\—9
UT3 I W
5V ® SW3 1000pF
-8A ——{ 83 Ve —| — 2ouF
7582 T D2 1
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02%kg 243K O1uF TRK/SS2 TRK/SS2 =
| BIAS
1 £ * | [ TRKsS
= = RUN DRIVE
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"= 3507A TA03
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3.3V
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15V, 1.8V and 1.2V 2-Stage Step Down

ViN
21V TO 36V

-
— 0F
= 49.9k 3.4k
_L22uF 1 [ A mhAAd |UVLO=19V
R = ViNt Vinz Ving Vinsw L
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0.4A 169k —
¢ \—e o FB1 =
< i p
Vi1 TRK/SS2 v
9.53k 68.1k TRK/SS3 3 o0
’ : 0.01uF PGOOD1
100K
TRK/SS1 PGOOD2 —
= PGOOD3 |—e o
BIAS BOOST 2 ? Jr\{
LT3507A 01F == 1233H
DRIVE SW2 e
FB2 -\
FB4 10000F o i
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/product/LT3507A#packaging for the most recent package drawings.

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

Please refer to http://www.linear.com/product/LT3507A#packaging for the most recent package drawings.

FE Package
38-Lead Plastic TSSOP (4.4mm)
(Reference LTC DWG # 05-08-1772 Rev C)
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 01/16 | Added clarifications to Conditions on Electrical Characteristics. 4
Clarified V|y1 Pin Function description. 7
Clarified PGOOD1, PGOOD2, PGOOD3 Pin Function description, 3.5V becomes 3.8V. 7
Clarified Operation Vg pin >1V becomes V¢ pin >0.9V. 9
Clarified last paragraph in Operation description. 9
Clarified first paragraph of Input Voltage Range. 10
Added clarification in second paragraph of Diode Selection. 13
Replaced >1.5V with >1.25V in Shutdown description. 16
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TYPICAL APPLICATION

12V to 5V, 3.3V, 1.8V and 1.6V with 1.5mm Maximum Height

v 49.9k 4.02k

N
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8vTO 16V == 1ouF 1 T 1 499k | 11.3k |
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18.2k 13.3k 1-|5”F PGOOD3 PEOOD3
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J 245 ——
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RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LT3507 36V, 2.5MHz Triple (2.4A + 2 x 1.5A) Step-Down DC/DC Converter Vingviny = 4V, Vingmax) = 36V, Voyurminy = 0.8V, Ig = 7mA,
with LDO Controller Isp < 1pA, 5mm x 7mm QFN-38 Package

LT1940 Dual 25V, 1.4A (loyt), 1.1MHz, High Efficiency Step-Down DC/DC VIN(MIN = 3.3V, Vinmax) = 25Y, VOUT MIN) = =1.20V, |Q 3.8mA,
Converter Isp < 36uA, TSSOP%GE %’ackage

L T3480 36V with Transient Protection to 60V, 2A (Igyt), 2.4MHz, High VIN(MIN) =3.6Y, VIN(MAX) =38V, Vour MIN) = 0.78V, lg = 70pA,
Efficiency Step-Down DG/DC Converter with Burst Mode® Operation | Isp < 1pA, 3mm x 3mm DFN-10, MSOP-10E Package

L T3481 34V with Transient Protection to 36V, 2A (lgyt), 2.8MHz, High VIN(MIN) =3.6Y, VIN(MAX) =34V, Vour MIN) = 1.26V, Ig = 50pA,
Efficiency Step-Down DC/DC Converter with Burst Mode Operation Isp < 1pA, 3mm x 3mm DFN-10, MSOP-10E Package

L T3493 36V, 1.4A (|0UT)7 750kHz High Efficiency STGp-DOWﬂ DC/DC Converter VIN(MIN) =3.6Y, VIN(MAX) =36V, VOUT(MIN) =0.8V, |Q =1.9mA,

Isp < 1pA, 2mm x 3mm DFN-6 Package

LT3500 36V, 40Vmax, 2A, 2.5MHz High Efficiency DC/DC Converter and LDO VIN(MIN =3.6Y, VIN(MAX) =36V, VOUT(MIN) =0.8V, Ig=2.5mA,
Controller Isp < 16uA, 3mm x 3mm DFN-10 Package

LT3501/LT3510 | 25V, Dual 3A/2A (loyr), 1.5MHz High Efficiency Step-Down DC/DC | Vingainy = 3.3V, Vinmax) = 25V, Voutam) = 0.8V, I = 3.7mA,
Converter Isp = 16uA, TSSOP-20E Package

LT3505 36V with Transient Protection to 40V, 1.4A (Igyt), 3MHz, High Vingminy = 3.6V, Vingwax) = 34V, Voutgwiny = 0.78V, lg = 2mA,
Efficiency Step-Down DC/DC Converter Isp = 2pA, 3mm x 3mm DFN-8, MSO -8% Package

LT3506/ 25V, Dual 1.6A (lgyt), 575kHz/1.1MHz High Efficiency Step-Down VIN(MIN =3.6Y, VIN(MAX) =25V, VOUT(MIN =0.8V, Ig=3.8mA,

LT3506A DC/DC Converter Isp = 36uA, TSSOP-16E, 5mm x 4mm DlgN-16 Package

LT3508 36V with Transient Protection to 40V, Dual 1.4A (loyT), 3MHz, High VIN(MIN) 3.7V, Viy MAX) = =37V, Vout MIN) = = 0.8V, Ig = 4.6mA,
Efficiency Step-Down DG/DC Converter Isp = 1pA, 4mm x 4mm QFN 24, TSéOP 16E Package

LT3684 34V with Transient Protection to 36V, 2A (Igyt), 2.8MHz, High V|N MIN) = = 3.6V, Vinmax) = 34V, Voutiviny = 1.26Y, Ig = 850pA,
Efficiency Step-Down DG/DC Converter ISD < 1uA 3x3 DFN d MSOP-10E acZ(age

LT3685 36V with Transient Protection to 60V, 2A (Igyt), 2.4MHz, High Vingwiny = 3.6V, Vinawax) = 38V, Vouriny = 0.78V, Ig = 70pA,
Efficiency Step-Down DG/DC Converter Isp < 1pA, 3 x 3 DFN-10, MSOP-10E acZ(age
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