TECHNOLOGY

”t } \D LTC3/727/L1C3727-1

High Efficiency, 2-Phuse

Synchronous Step-Down Switching Regulators

FEATURES

Wide Output Voltage Range: 0.8V < Vgyr <14V
Out-of-Phase Controllers Reduce Required Input
Capacitance and Power Supply Induced Noise
OPTI-LOOP® Compensation Minimizes Cqyt
+1% Output Voltage Accuracy

Power Good Qutput Voltage Monitor
Phase-Lockable Fixed Frequency 250kHz to 550kHz
Latched Short-Circuit Shutdown (LTC3727 Only)
Dual N-Channel MOSFET Synchronous Drive
Wide V)y Range: 4V to 36V Operation

Very Low Dropout Operation: 99% Duty Cycle
Adjustable Soft-Start Current Ramping

Foldback Output Current Limiting

Output Overvoltage Protection

Low Shutdown lg: 20uA

Selectable Constant Frequency or Burst Mode®
Operation

Small 28-Lead SSOP Package

m | TC3727-1 Also Available in the 5mm x 5mm QFN
Package

APPLICATIONS

m Telecom Systems
® Automotive Systems
m Battery-Operated Digital Devices

DESCRIPTION

The LTC®3727/LTC3727-1 are high performance dual
step-down switching regulator controllers that drive all
N-channel synchronous power MOSFET stages. A con-
stant frequency current mode architecture allows phase-
lockable frequency of up to 550kHz. Power loss and noise
due to the ESR of the input capacitors are minimized by
operating the two controller output stages out of phase.

OPTI-LOOP compensation allows the transient response
to be optimized overawide range of output capacitance and
ESRvalues. Thereisa precision 0.8V referenceand a power
good output indicator. A wide 4V to 30V (36V maximum)
input supply range encompasses all battery chemistries.

A RUN/SS pin for each controller provides soft-start, and
on the LTC3727GN, optional timed, short-circuit shut-
down. Current foldback limits MOSFET heat dissipation
during short-circuit conditions when overcurrent latchoff
isdisabled. Output overvoltage protection circuitry latches
on the bottom MOSFET until Vgt returns to normal. The
FCB mode pin can select among Burst Mode, constant
frequency mode and continuous inductor current mode or
regulate a secondary winding.

AT, LT,LTC and LTM are registered trademarks of Linear Technology Corporation. Burst
Mode and OPTI-LOOP are registered trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners. Protected by U.S. Patents, including
5481178, 5929620, 6177787, 6144194, 6100678, 5408150, 6580258, 6304066, 5705919.

TYPICAL APPLICATION
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Figure 1. High Efficiency Dual 12V/5V Step-Down Converter
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LTC3727/LTC3727-1

ABSOLUTE MAXIMUM RATINGS (ote 1)

Input Supply Voltage (Vin)...ocovevevvvevernnee. 36V 10 -0.3V  Ity1, lth2, Vosenset, Vosensez Voltages ...2.7V to —0.3V
Top Side Driver Voltages Peak Output Current <10us (TG1, TG2, BG1, BG2) ... 3A
(BOOST1, BOOST2) ..., 42V10-0.3V  INTVgc Peak Output Gurrent ........coevvveveecececncnnee. 50mA
Switch Voltage (SW1, SW2) ......cccevevererneeee. 36Vto-5V  Operating Temperature Range (Note 2) .. —40°C to 85°C
INTV¢e, EXTVc, (BOOST1-SW1), Junction Temperature (NOte 3) .......ccoovvreerrecnne 125°C
(BOOST2-SW2) ... 8.5Vt0-0.3V  Storage Temperature Range ................. -65°C to 125°C
RUN/SS1, RUN/SS2, PGOQOD ..................... 7Vto-0.3V  Lead Temperature
SENSE1*, SENSE2*, SENSE1™, (Soldering, 10 sec, G Package)............ccceevrvrnee. 300°C
SENSE2~ VOItages .......cccevvveveveevceeeee 14Vto-0.3V  Solder Reflow Temperature (UH Package) ........... 265°C
PLLIN, PLLFLTR, FCB Voltages ........... INTV¢g to —0.3V
PACKAGE/ORDER INFORMATION
o VIEW ORDER PART  Toeview ORDER PART
RUN/SST [1] 28] PGOOD NUMBER L22 % % - NUMBER
sewser 2] 27] T LTC3727EG T E ] LTC3727EUH-1
SENSE1™ |3 26] swr LTC3727EG-1 VoSENSE1 _1__! P, !_Ei- BOOSTI
Vosenset [4] [25] BOOSTH LTC37271G-1 PLLELTR _2—_! : : [_Eg Vin
PLLFLTR [5] 24] Vin I EX I 22| Ba
PLLIN 6] 23] Bat roafal | : 21 EXTVge
FeB [7] 22] EXTVGe ITH1 _5:! : 3 : [EE INTVgg
it (8] 21] INTV SGND _e_j l : ILTE PGND
saND [9] 20] PGND 3avour[71 | | 1| 62 UH PART
3.3Vour [10) [19] B62 Y L ~ 117 soost2 MARKING
e [11] 18] BOOST2 T 1H0IAT1421 13114151 g
Vosensez [12] [17] sw2 g2apgess 37271
SENSE2™ [13] 16] T62 g 22z °
SENSE2* [14] 15] RUN/SS2 = TJHCSACCKCAGE
p—— 32-LEAD (5mm x 5mm) PLASTIC QFN
28-LEAD PLASTIC SSOP Tawax = 125°C, 0,p = 34°C/W
L A 180
Order Options Tape and Reel: Add #TR  Lead Free: Add #PBF Lead Free Tape and Reel: Add #TRPBF
Lead Free Part Marking: http://www.linear.com/leadfree/

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

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

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 15V, Vgyn/ss1, 2 = 5V unless otherwise noted.

SYMBOL  |PARAMETER | CONDITIONS | MIN  TYP  MAX [ UNITS
Main Control Loops

Vosenset,2 | Regulated Feedback Voltage (Note 4); ltyq o Voltage = 1.2V e | 0.792 0.800 0.808 \
lvosenset, 2 | Feedback Current (Note 4) -5 -50 nA
VREFLNREG Reference Voltage Line Regulation | Vjy = 3.6V to 30V (Note 4) 0.002 0.02 %N

2 Ly LN
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LTC3727/LTC3727-1

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

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 15V, Vgyp/ss1, 2 = 5V unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS
V0L0ADREG Output Voltage Load Regulation (Note 4)
Measured in Servo Loop; Alry Voltage = 1.2V to 0.7V 0.1 0.5 %
Measured in Servo Loop; Alry Voltage = 1.2V to 2.0V -0.1 -0.5 %
Omi, 2 Transconductance Amplifier gy, Ith1, 2 = 1.2V; Sink/Source 5uA (Note 4) 1.3 mmho
OmGBW1, 2 Transconductance Amplifier GBW Ithy, 2 = 1.2V (Note 4) MHz
I Input DC Supply Current (Note 5)
Normal Mode Vin =15V, EXTVg Tied to Vouty, VouT1 = 8.5V 670 pA
Shutdown VRunssst, 2= 0V 20 35 VA
Vics Forced Continuous Threshold 0.76 0.800 0.84 Y
IFcs Forced Continuous Pin Current Vigg = 0.85V -030 -018 -0.05 pA
VBINHIBIT Burst Inhibit (Constant Frequency) Measured at FCB pin 6.8 7.3 v
Threshold
uvLO Undervoltage Lockout Vin Ramping Down 35 4 v
VowL Feedback Overvoltage Lockout Measured at Vpsensed, 2 0.84 0.86 0.88 v
ISENSE Sense Pins Total Source Current (Each Channel) Vsenser—, 2— = Vsenset+, o+ = OV -85 -60 VA
DFyiax Maximum Duty Factor In Dropout 98 99.4 %
lRUN/SS1, 2 Soft-Start Charge Current VRunssst, 2 = 1.9V 0.5 1.2 pA
VRUN/SS1, 2 ON | RUN/SS Pin ON Threshold VRUN/SS1, VRunsss2 Rising 1.0 1.5 1.9 \
VRunssst, 2 LT | RUN/SS Pin Latchoff Arming Threshold | VRyn/ss1, VRunyss Rising from 3V (LTC3727 Only) 41 45 \
IscLi, 2 RUN/SS Discharge Current Soft-Short Condition Vosense1, 2= 0.5V, 0.5 2 4 pA
VRunssst, 2= 4.5V (LTC 3727 Only)
IspLHO Shutdown Latch Disable Current Vosenses, 2 = 0.5V (LTC3727 Only) 1.6 5 pA
Vsenseax) | Maximum Current Sense Threshold Vosenset, 2 = 0.7V Vsensgs- 2- = 12V 105 135 165 mV
TG Transition Time: (Note 6)
TG1, 2t, Rise Time Croap = 3300pF 50 90 ns
TG1, 2 % Fall Time CLoap = 3300pF 50 90 ns
BG Transition Time: (Note 6)
BG1,2t, Rise Time Croap = 3300pF 40 90 ns
BG1, 2t Fall Time Croap = 3300pF 40 80 ns
TG/BG t1p Top Gate Off to Bottom Gate On Delay | Coap = 3300pF Each Driver 90 ns
Synchronous Switch-0On Delay Time
BG/TG top Bottom Gate Off to Top Gate On Delay | Cgap = 3300pF Each Driver 90 ns
Top Switch-On Delay Time
tongmin Minimum On-Time Tested with a Square Wave (Note 7) 180 ns
INTV¢c Linear Regulator
VinTvee Internal Ve Voltage 8.5V <V < 30V, Vextyeg = 6Y 7.2 7.5 7.8 \
Vipo INT INTV¢ Load Regulation Icc = 0mA to 20mA, Vextyeg = 6Y 0.2 1.0 %
Vipo EXT EXTV¢c Voltage Drop Igc = 20mA, Vextveo = 8.5V 70 160 mV
Vextvee EXTVgc Switchover Voltage Icc = 20mA, EXTVgc Ramping Positive 6.9 7.3 \
ViDoHys EXTV¢c Hysteresis 0.3 Y
Oscillator and Phase-Locked Loop
fnom Nominal Frequency VpLirtr=1.2V 350 380 430 kHz
fLow Lowest Frequency VpLLrLtr = 0V 220 255 290 kHz
fHiGH Highest Frequency VpLLRLTR 2 2.4V 460 530 580 kHz

3727fc
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LTC3727/LTC3727-1

GLECTBICHL CHHRHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 15V, Vgyp/ss1, 2 = 5V unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS
RpLLIN PLLIN Input Resistance 50 kQ
IPLLFLTR Phase Detector Output Current
Sinking Capability fPLLIN < fosc -15 }JA
Sourcing Capability frLun > fosc 15 VA
3.3V Linear Regulator
V330Ut 3.3V Regulator Output Voltage No Load ® | 325 3.35 3.45 Y
Vi3 3.3V Regulator Load Regulation I33=0mA to 10mA 0.5 2.5 %
V3auL 3.3V Regulator Line Regulation 6V < Viy <30V (LTC3727) 0.05 0.2 %
6V < Vy < 30V (LTC3727-1) 0.05 0.3 %
PGOOD Output
VpaL PGOOD Voltage Low Ipgoop = 2mMA 0.1 0.3 Y
IpgooD PGOOD Leakage Current Vpgoop = 5V +1 pA
Vpg PGOOD Trip Level, Either Controller Vosense With Respect to Set Output Voltage
Vosense Ramping Negative -6 -7.5 -9.5 %
Vosense Ramping Positive 6 7.5 9.5 %

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 LTC3727E/LTC3727E-1 are guaranteed to meet performance
specifications from 0°C to 85°C. Specifications over the —40°C to 85°C
operating temperature range are assured by design, characterization and
correlation with statistical process controls. The LTC37271G-1 is
guaranteed to meet performance specifications over the —40°C to 85°C

operating temperature range.

Note 3: T, is calculated from the ambient temperature Tp and power

dissipation Pp according to the following formulas:

LTC3727EG/LTC3727EG-1/LTC37271G-1: Ty = Ta + (Pp * 95 °C/W)
LTC3727EUH-1: Ty =Ta + (Pp * 34 °C/W)
Note 4: The LTC3727/LTC3727-1 are tested in a feedback loop that servos

ViTH1, 2 to a specified voltage and measures the resultant Vosenset, 2.

Note 5: Dynamic supply current is higher due to the gate charge being
delivered at the switching frequency. See Applications Information.

Note 6: Rise and fall times are measured using 10% and 90% levels. Delay
times are measured using 50% levels.

Note 7: The minimum on-time condition is specified for an inductor

peak-to-peak ripple current 240% of Iyax (See minimum on-time

considerations in the Applications Information section).

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3727/LTC3727-1

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Input Voltage
and Mode (Figure 13)
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LTC3727/LTC3727-1

TYPICAL PERFORMANCE CHARACTERISTICS

Dropout Voltage vs Output Current
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LTC3727/LTC3727-1

TYPICAL PERFORMANCE CHARACTERISTICS

Current Sense Pin Input Current EXTV¢c Switch Resistance Oscillator Frequency
vs Temperature vs Temperature vs Temperature
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Pln FUﬂCTIOﬂS G Package/UH Package

RUN/SS1, RUN/SS2 (Pins 1, 15/Pins 28, 13): Combina-
tion of Soft-Start, Run Control Inputs and Short-Circuit
Detection Timers (LTC3727 only). A capacitorto ground at
each of these pins sets the ramp time to full output current.
Forcing either of these pins back below 1.0V causes the IC
to shut down the circuitry required for that particular
controller. Latchoff overcurrent protection is also invoked
via this pin as described in the Applications Information
section (LTC3727 only).

SENSE1*, SENSE2* (Pins 2, 14/Pins 30, 12): The (+)
Input to the Differential Current Comparators. The Ity pin
voltage and controlled offsets between the SENSE™ and
SENSE* pins in conjunction with Rgeyse Set the current
trip threshold.

SENSE1~, SENSE2™ (Pins 3, 13/Pins 31, 11): The (-)
Input to the Differential Current Comparators.

Vosensets Vosense2 (Pins 4, 12/Pins 1, 9): Receives the
remotely-sensed feedback voltage for each controller from
an external resistive divider across the output.

3727fc
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LTC3727/LTC3727-1

PIN FUNCTIONS

PLLFLTR (Pin 5/Pin 2): The phase-locked loop’s lowpass
filter is tied to this pin. Alternatively, this pin can be driven
with an AC or DC voltage source to vary the frequency of
the internal oscillator.

PLLIN (Pin 6/Pin 3): External Synchronization Input to
Phase Detector. This pin is internally terminated to SGND
with 50k€2. The phase-locked loop will force the rising top
gate signal of controller 1 to be synchronized with the
rising edge of the PLLIN signal.

FCB (Pin7/Pin4): Forced Continuous Control Input. This
input acts on both controllers and is normally used to
regulate asecondary winding. Pulling this pin below 0.8V
will force continuous synchronous operation. Do not
leave this pin floating.

Ith1, Ithe (Pins 8, 11/Pins 5, 8): Error Amplifier Outputs
and Switching Regulator Compensation Points. Each as-
sociated channels’ currentcomparatortrip pointincreases
with this control voltage.

SGND (Pin 9/Pin 6): Small Signal Ground. Common
to both controllers; must be routed separately from
high current grounds to the common (=) terminals
of the Cqyt capacitors.

3.3Vour (Pin 10/Pin 7): Linear Regulator Output. Capable
of supplying 10mA DC with peak currents as high as
50maA.

PGND (Pin20/Pin19): Driver Power Ground. Connectstothe
sources of bottom (synchronous) N-channel MOSFETS, an-
odes of the Schottky rectifiers and the (-) terminal(s) of Cyy.

INTV¢c (Pin 21/Pin 20): Output of the Internal 7.5V Linear
Low Dropout Regulator and the EXTVg¢ Switch. The driver
and control circuits are powered from this voltage source.
Mustbe decoupledto power ground withaminimum of 4.7uF
tantalum or other low ESR capacitor.

EXTV¢c (Pin 22/Pin 21): External Power Input to an
Internal Switch Connected to INTVg. This switch closes
and supplies Ve power, bypassing the internal low drop-
out regulator, whenever EXTV is higher than 7.3V. See
EXTVc connectionin Applications section. Do not exceed
8.5V on this pin.

BG1, BG2 (Pins 23, 19/Pins 22, 18): High Current Gate
Drives for Bottom (Synchronous) N-Channel MOSFETSs.
Voltage swing at these pins is from ground to INTVg.

Vin (Pin 24/Pin 23): Main Supply Pin. A bypass capacitor
should be tied between this pin and the signal ground pin.

BOOST1,B00ST2 (Pins25,18/Pins 24, 17): Bootstrapped
Supplies to the Top Side Floating Drivers. Capacitors are
connected between the boost and switch pins and Schot-
tky diodes are tied between the boost and INTV¢ pins.
Voltage swing at the boost pins is from INTVg¢ to (Viy +
INTVce).

SW1, SW2 (Pins 26, 17/Pins 25, 15): Switch Node
Connections to Inductors. Voltage swing at these pins is
from a Schottky diode (external) voltage drop below
ground to V.

TG1, TG2 (Pins 27, 16/Pins 26, 14): High Current Gate
Drivesfor Top N-Channel MOSFETs. These are the outputs
of floating drivers with a voltage swing equal to INTVgg -
0.5V superimposed on the switch node voltage SW.

PGOOD (Pin28/Pin27): Open-Drain Logic Output. PGOOD
is pulled to ground when the voltage on either Vosense pin
is not within £7.5% of its set point.

Exposed Pad (Pin 33, UH Package): Signal Ground. Must
be soldered to the PCB ground for electrical contact and
optimum thermal performance.




LTC3727/LTC3727-1

FUNCTIONAL DIAGRAM
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Figure 2

OPEBH'"O" (Refer to Functional Diagram)

Main Control Loop

The LTC3727/LTC3727-1 use a constant frequency, cur-
rent mode step-down architecture with the two controller
channels operating 180 degrees out of phase. During
normal operation, each top MOSFET is turned on when the
clock for that channel sets the RS latch, and turned off
when the main current comparator, |1, resets the RS latch.
The peak inductor current at which |4 resets the RS latch
is controlled by the voltage on the Ity pin, which is the
outputof each erroramplifier EA. The Vosense pin receives

the voltage feedback signal, which is compared to the
internal reference voltage by the EA. When the load current
increases, it causes a slight decrease in Voggyse relative to
the 0.8V reference, which in turn causes the Ity voltage to
increase until the average inductor current matches the
new load current. After the top MOSFET has turned off, the
bottom MOSFET is turned on until either the inductor
current starts to reverse, as indicated by current compara-
tor lo, or the beginning of the next cycle.

3727fc
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LTC3727/LTC3727-1

OPGBHTIOI‘I (Refer to Functional Diagram)

The top MOSFET drivers are biased from floating boot-
strap capacitor Cg, which normally is recharged during
each off cycle through an external diode when the top
MOSFET turns off. As V| decreases to a voltage close to
Vour, the loop may enter dropout and attempt to turn on
the top MOSFET continuously. The dropout detector de-
tects this and forces the top MOSFET off for about 400ns
every tenth cycle to allow Cg to recharge.

The main control loop is shut down by pulling the RUN/SS
pin low. Releasing RUN/SS allows an internal 1.2uA
current source to charge soft-start capacitor Cgg. When
Cssreaches 1.5V, the main control loop is enabled with the
Ity voltage clamped atapproximately 30% of its maximum
value. As Cgg continues to charge, the Ity pin voltage is
gradually released allowing normal, full-current opera-
tion. When both RUN/SS1 and RUN/SS2 are low, all
LTC3727/LTC3727-1 controller functions are shut down,
including the 7.5V and 3.3V regulators.

Low Current Operation

The FCB pin is a multifunction pin providing two func-
tions: 1) to provide regulation fora secondary winding by
temporarily forcing continuous PWM operation on
both controllers; and 2) to select between two modes of
low current operation. When the FGB pin voltage is below
0.8V, the controller forces continuous PWM current
mode operation. In this mode, the top and bottom
MOSFETs are alternately turned onto maintain the output
voltage independent of direction of inductor current.
When the FCB pin is below ViyTyec — 2V but greater than
0.8V, the controller enters Burst Mode operation. Burst
Mode operation sets a minimum output current level
before inhibiting the top switch and turns off the synchro-
nous MOSFET(s) when the inductor current goes nega-
tive. This combination of requirements will, at low cur-
rents, force the Ity pin below a voltage threshold that will
temporarily inhibit turn-on of both output MOSFETS until
the output voltage drops. There is 60mV of hysteresis in
the burst comparator B tied to the Ity pin. This hysteresis
produces output signals to the MOSFETSs that turn them
on for several cycles, followed by a variable “sleep”
interval depending upon the load current. The resultant
output voltage ripple is held to a very small value by

having the hysteretic comparator follow the error ampli-
fier gain block.

Frequency Synchronization

The phase-locked loop allows the internal oscillator to be
synchronized to an external source viathe PLLIN pin. The
output ofthe phase detectoratthe PLLFLTR pinisalsothe
DC frequency control input of the oscillator that operates
over a 250kHz to 550kHz range corresponding to a DC
voltage input from OV to 2.4V. When locked, the PLL
aligns the turn on of the top MOSFET to the rising edge of
the synchronizing signal. When PLLIN is left open, the
PLLFLTR pin goes low, forcing the oscillator to its mini-
mum frequency.

Continuous Current (PWM) Operation

Tying the FCB pin to ground will force continuous current
operation. This is the least efficient operating mode, but
may be desirable in certain applications. The output can
source or sink currentin this mode. When sinking current
while in forced continuous operation, current will be
forced back into the main power supply potentially boost-
ing the input supply to dangerous voltage levels—
BEWARE!

INTV¢c/EXTV g Power

Power for the top and bottom MOSFET drivers and most
other internal circuitry is derived from the INTV¢g pin.
When the EXTV¢g pin is left open, an internal 7.5V low
dropoutlinear regulator supplies INTVgc power. [ EXTV¢g
istaken above 7.3V, the 7.5V regulator is turned off and an
internal switch is turned on connecting EXTVgg to INTV .
This allows the INTV¢c power to be derived from a high
efficiency external source such as the output of the regu-
lator itself or a secondary winding, as described in the
Applications Information section.

Output Overvoltage Protection

An overvoltage comparator, OV, guards against transient
overshoots (>7.5%) as well as other more serious condi-
tions that may overvoltage the output. In this case, the top
MOSFET isturned off and the bottom MOSFET is turned on
until the overvoltage condition is cleared.

3727fc
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LTC3727/LTC3727-1

OPGRHTIOﬂ (Refer to Functional Diagram)

Power Good (PGOOD) Pin

The PGOOD pinis connectedtoan opendrain ofaninternal
MOSFET. The MOSFET turns onand pulls the pin low when
either output is not within £7.5% of the nominal output
level as determined by the resistive feedback divider.
When both outputs meet the £7.5% requirement, the
MOSFET is turned off within 10us and the pin is allowed to
be pulled up by an external resistor to a source of upto 7V.

Foldback Current, Short-Circuit Detection
and Short-Circuit Latchoff (LTC3727 Only)

The RUN/SS capacitors are used initially to limitthe inrush
current of each switching regulator. After the controller
has been started and been given adequate time to charge
up the output capacitors and provide full load current, the
RUN/SS capacitor is used in a short-circuit time-out
circuit. If the output voltage falls to less than 70% of its
nominal output voltage, the RUN/SS capacitor begins
discharging on the assumption that the output is in an
overcurrent and/or short-circuit condition. If the condi-
tion lasts for a long enough period as determined by the
size of the RUN/SS capacitor, the controller will be shut
down until the RUN/SS pin(s) voltage(s) are recycled.
This built-in latchoff can be overridden by providing a
>5uA pull-up at a compliance of 5V to the RUN/SS pin(s).
This current shortens the soft start period but also pre-
vents net discharge of the RUN/SS capacitor(s) during an
overcurrent and/or short-circuit condition. Foldback cur-
rent limiting is also activated when the output voltage falls
below 70% of its nominal level whether or not the short-
circuit latchoff circuit is enabled. Evenifa shortis present
and the short-circuit latchoff is not enabled, a safe, low
outputcurrentis provided due to internal current foldback
and actual power wasted is low due to the efficient nature
of the current mode switching regulator.

PART NUMBER FUNCTION
LTC3727 With Latchoff Function Available
LTC3727-1 Latchoff Always Disabled

THEORY AND BENEFITS OF 2-PHASE OPERATION

The LTC3727 dual high efficiency DG/DC controller brings
the considerable benefits of 2-phase operation to portable
applications. Notebook computers, PDAs, handheld ter-
minals and automotive electronics will all benefit from the
lower input filtering requirement, reduced electromag-
netic interference (EMI) and increased efficiency associ-
ated with 2-phase operation.

Why the need for 2-phase operation? Until recently, con-
stant-frequency dual switching regulators operated both
channels in phase (i.e., single-phase operation). This
means that both switches turned on at the same time,
causing current pulses of up to twice the amplitude of
those for one regulator to be drawn from the input capaci-
tor and battery. These large amplitude current pulses
increased the total RMS current flowing from the input
capacitor, requiring the use of more expensive input
capacitors and increasing both EMI and losses inthe input
capacitor and battery.

With 2-phase operation, the two channels of the dual-
switching regulator are operated 180 degrees out of
phase. This effectively interleaves the current pulses
drawn by the switches, greatly reducing the overlap time
where they add together. The result is a significant reduc-
tion in total RMS input current, which in turn allows less
expensive input capacitors to be used, reduces shielding
requirements for EMI and improves real world operating
efficiency.

Figure 3 compares the input waveforms for a representa-
tive single-phase dual switching regulator to the new
LTC3727 2-phase dual switching regulator. An actual
measurement of the RMS input current under these con-
ditions shows that 2-phase operation dropped the input
current from 2.53Aguys 10 1.55ARums. While this is an
impressive reduction in itself, remember that the power
losses are proportional to Irys?, meaning that the actual
power wasted is reduced by a factor of 2.66. The reduced
input ripple voltage also means less power is lost in the
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LTC3727/LTC3727-1

OPGBHTIOI’I (Refer to Functional Diagram)

2 Ced i

Iinmeas) = 2.53ArmMS —

(a)

5V SWITCH
20V/DIV

3.3V SWITCH
20V/DIV

INPUT CURRENT
5A/DIV

INPUT VOLTAGE
500mV/DIV

lingmeas) = 1.55Arms

(b)

Figure 3. Input Waveforms Comparing Single-Phase (a) and 2-Phase (b) Operation for
Dual Switching Regulators Converting 12V to 5V and 3.3V at 3A Each. The Reduced Input
Ripple with the LTC3727 2-Phase Regulator Allows Less Expensive Input Capacitors,
Reduces Shielding Requirements for EMI and Improves Efficiency

input power path, which could include batteries, switches,
trace/connector resistances and protection circuitry. Im-
provements in both conducted and radiated EMI also
directly accrue as a result of the reduced RMS input
current and voltage.

Of course, the improvement afforded by 2-phase opera-
tion is a function of the dual switching regulator’s relative
duty cycles which, in turn, are dependent upon the input
voltage Vy (Duty Cycle = Vout/Vin). Figure 4 shows how
the RMS input current varies for single-phase and 2-phase
operation for 3.3V and 5V regulators over a wide input
voltage range.

It can readily be seen that the advantages of 2-phase
operation are not just limited to a narrow operating range,
butin fact extend over a wide region. Agood rule of thumb
for most applications is that 2-phase operation will reduce
theinput capacitor requirementto that for just one channel
operating at maximum current and 50% duty cycle.

A final question: If 2-phase operation offers such an
advantage over single-phase operation for dual switching
regulators, why hasn’t it been done before? The answer is
that, while simple in concept, it is hard to implement.
Constant-frequency current mode switching regulators

require an oscillator derived “slope compensation” signal
to allow stable operation of each regulator at over 50%
duty cycle. This signal is relatively easy to derive in single-
phase dual switching regulators, but required the develop-
ment of a new and proprietary technique to allow 2-phase
operation. In addition, isolation between the two channels
becomes more critical with 2-phase operation because
switch transitions in one channel could potentially disrupt
the operation of the other channel.

3.0 ‘

|
SINGLE PHASE
2.5 wAL CONTROLLER —|

NI

15 T I W e

" DUAL CONTROLLER

1.0

INPUT RMS CURRENT (A)

05 Vo1 =5V/3A

Vioz = 3.3V/3A
Il

0

0 10 20 30 40
INPUT VOLTAGE (V)
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Figure 4. RMS Input Current Comparison
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LTC3727/LTC3727-1

APPLICATIONS INFORMATION

Figure 1 on the first page is a basic LTC3727/LTC3727-1
application circuit. External component selectionis driven
by the load requirement, and begins with the selection of
Rsenseandtheinductor value. Next, the power MOSFETS
and D1 are selected. Finally, C;y and Coyr are selected.
The circuit shown in Figure 1 can be configured for
operation up to an input voltage of 28V (limited by the
external MOSFETSs).

Rsense Selection For Output Current

Rsense iS chosen based on the required output current.
The LTC3727 current comparator has a maximum thresh-
old of 135mV/Rggnse and an input common mode range
of SGND to 14V. The current comparator threshold sets
the peak of the inductor current, yielding a maximum
average output current Iyax equal to the peak value less
half the peak-to-peak ripple current, Al|.

Allowing a margin for variations in the LTC3727 and
external component values yields:

90mV
Rsense = e
MAX

When using the controller in very low dropout conditions,
the maximum output current level will be reduced due to
the internal compensation required to meet stability crite-
rion for buck regulators operating at greater than 50%
duty factor. A curve is provided to estimate this reducton
in peak output current level depending upon the operating
duty factor.

Operating Frequency

The LTC3727 uses a constant frequency phase-lockable
architecture with the frequency determined by an internal
capacitor. This capacitor is charged by a fixed current plus
an additional current which is proportional to the voltage
applied to the PLLFLTR pin. Refer to Phase-Locked Loop
and Frequency Synchronization in the Applications Infor-
mation section for additional information.

A graph for the voltage applied to the PLLFLTR pin vs
frequency is given in Figure 5. As the operating frequency

2.5

2.0

PLLFLTR PIN VOLTAGE (V)

/

05

0
200 250 300 350 400 450 500 550

OPERATING FREQUENCY (kHz)

3727 FO5

Figure 5. PLLFLTR Pin Voltage vs Frequency

isincreased the gate charge losses will be higher, reducing
efficiency (see Efficiency Considerations). The maximum
switching frequency is approximately 550kHz.

Inductor Value Calculation

The operating frequency and inductor selection are inter-
related in that higher operating frequencies allow the use
of smaller inductor and capacitor values. So why would
anyone ever choose to operate at lower frequencies with
larger components? The answer is efficiency. A higher
frequency generally results in lower efficiency because of
MOSFET gate charge losses. In addition to this basic
trade-off, the effect of inductor value on ripple current and
low current operation must also be considered.

Theinductorvalue has adirect effect onripple current. The
inductor ripple current Al decreases with higher induc-
tance or frequency and increases with higher Vy:

__ 1 _ Vour
AL=H0 VOL”@ Vi )

Accepting larger values of Al_ allows the use of low
inductances, but results in higher output voltage ripple
and greater core losses. A reasonable starting point for
setting ripple currentis Al =0.3(lyax). The maximum Al
occurs at the maximum input voltage.

3727fc

13



LTC3727/LTC3727-1

APPLICATIONS INFORMATION

The inductor value also has secondary effects. The transi-
tion to Burst Mode operation begins when the average
inductor current required results in a peak current below
25% of the current limit determined by Rggyse. Lower
inductor values (higher Alj) will cause this to occur at
lower load currents, which can cause a dip in efficiency in
the upper range of low current operation. In Burst Mode
operation, lower inductance values will cause the burst
frequency to decrease.

Inductor Core Selection

Once the inductance value is determined, the type of
inductor must be selected. Actual core loss is independent
of core size for a fixed inductor value, but it is very
dependent on inductance selected. As inductance in-
creases, core losses go down. Unfortunately, increased
inductance requires more turns of wire and therefore
copper (I2R) losses will increase.

Ferrite designs have very low core loss and are preferred
at high switching frequencies, so designers can concen-
trate on reducing IR loss and preventing saturation.
Ferrite core material saturates “hard,” which means that
inductance collapses abruptly when the peak design cur-
rent is exceeded. This results in an abrupt increase in
inductor ripple current and consequent output voltage
ripple. Do not allow the core to saturate!

Different core materials and shapes will change the size/
current a