TECHNOLOGY

| [ /\D LTC3709

Fast 2-Phase, No RSENSETM,

Synchronous DC/DC Controller

FEATURES

PolyPhase® Valley Current Mode Controller
Synchronizable to an External Clock with PLL
Coincident or Ratiometric Tracking

Sense Resistor Optional

2% t0 90% Duty Cycle at 200kHz

ton(miny < 100ns

True Remote Sensing Differential Amplifier

High Efficiency at Both Light and Heavy Loads
Power Good Output Voltage Monitor

0.6V +1% Reference

Adjustable Current Limit

Programmable Soft-Start and Operating Frequency
Output Overvoltage Protection

Optional Short-Circuit Shutdown Timer

Available in 32-Lead (5mm x 5mm) QFN and 36-Lead
SSOP Packages

APPLICATIONS

m Notebook Computers
= Power Supply for DSP, ASIC, Graphic Processors

with Tracking/Seyuencing

DESCRIPTION

The LTC®3709is a single output, dual phase, synchronous
step-down switching regulator. The controller uses a
constant on-time, valley current control architecture to
deliver very low duty cycles without requiring a sense
resistor. Operating frequency is selected by an external
resistor and is compensated for variations in input supply
voltage. An internal phase-lock loop allows the LTC3709
to be synchronized to an external clock.

A TRACK pin is provided for tracking or sequencing the
output voltage among several LTC3709 chips or an
LTC3709 and other DC/DC regulators. Soft-start is ac-
complished using an external timing capacitor.

Fault protectionis provided by an output overvoltage com-
parator and an optional short-circuit shutdown timer. The
current limit level is user programmable. A wide supply
range allows voltages as high as 31V to step down as low
as 0.6V.

ALY, LT, LTC and LTM are registered trademarks of Linear Technology Corporation.
No Rsgnse is a trademark of Linear Technology Corporation.

PolyPhase is a registered trademark of Linear Technology Corporation.

All other trademarks are the property of their respective owners.

Protected by U.S. Patents including 5481178, 6476589, 6144194, 5847554, 6100678,
6304066, 6580258, 6674274, 6462525, 6593724.
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LTC3709

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Input Supply Voltage (Vgc, DRVeg) -........... NV10-0.3V Ity VORAge ...cvovvvececeeecce e 2.7V 10 -0.3V
Boosted Topside Driver Supply Voltage VEg VOIAQE ... 2.7Vt0-0.3V
(BOOSTT, BOOST2) ..o 37Vt0-0.3V  INTLPF, EXTLPF Voltages.............cco......... 2.7V t0-0.3V
Switch Voltage (SW1,2) .ovveieeecienns 31Vto -1V Vpgt, Vos™ VOIAGES ...cvovveeecvecceces 7V 10-0.3V
SENSE1*, SENSE2* Voltages....................... 31Vt =1V FCB VORAQE ..voveveceveveeeecceeeeeeee e, 7Vto-0.3V
SENSE1~, SENSE2™ Voltages.................... 10Vto-0.3V  Operating Temperature Range (Note 4) .. —40°C to 85°C
lon VORAQE ..o 31V10-0.3V  Junction Temperature (Note 2).........cccceveveuneen,
(BOOST — SW) Voltages .........cccovvvvrrrrnnnne. 7Vt0-0.3V  Storage Temperature Range
RUN/SS, PGOOD Voltages.........cccccceveveeeeee 7V 10 -0.3V UH Package .........cccocovevvvevevervicenn -65°C to 125°C
TRACK VOIRAQE ..o 7V t0-0.3V G Package ......ccccovveverevevereecenas -65°C to 150°C
VRng VOItage ..o Ve + 0.3V to-0.3V
PACKAGE/ORDER INFORMATION
TOP VIEW
ne [1] [36] BOOSTH
TOP VIEW PGOOD [2] [25] TG1
o S5 é lon [3] 34] swi
EB 588833 FcB [4] 33] SENSE1*
132]1311130]129]128]127]126]( 25] Vang [5] 32] SENSE1~
RUNSS|T! (24] SENSE1- RUN/SS [6] [31] PGND1
' _2;' : : @: PGND i [7] 30] BG
] | 122|861 Vis (8 29] DRV,
TRACK[4) | 33 | 121] DRVce TRACK [9] 28] BG2
Vos™ :7_j : l [TE SENSE2™ SGN? [ 26] SeNsE2
DIFFOUT[8! - Yo7 e Vos™ [12 25] Voo
01171 1 1) oo % % s
+ WL WL O N N+ 0s
§§§Z§‘£%§ EXTLPF [15) [22] TG2
o= e INTLPF [i5] 21] BOOST2
32-LEAD (5nL1Jm|-I XP%(m?ELAan QFN Ne [17) 20] Ne
EXPOSED PAD IS SGND (PIN 33) NG [18] [19] NC
MUST BE SOLDERED TO PCB
Towa = 125°C, Byp = STIW 36-LEAD PLASTIG SS0P
Tomax = 125°C, 64 = 95°C/W
ORDER PART NUMBER UH PART MARKING
ORDER PART NUMBER LTC3709EG
LTC3709EUH 3709
Order Options Tape and Reel: Add #TR
Lead Free: Add #PBF  Lead Free Tape and Reel: Add #TRPBF
Lead Free Part Marking: http://www.linear.com/leadfree/

Consult LTC Marketing for parts specified with wider operating temperature ranges.
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LTC3709

GLGCTRICHL CHHRHCTGRISTICS The @ denotes specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = DRV = 5V, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
Main Control Loop
) Input DC Supply Current
Normal 24 3 mA
Shutdown 25 65 pA
Irg FB Pin Input Current Ity =1.2V (Note 3) -35 -60 nA
Ve Feedback Voltage Ity = 1.2V (Note 3) 0594  0.600 0.606 v
AVrgLinereg) | Feedback Voltage Line Regulation Voo = 4.5V 10 6.5V (Note 3) 0.02 %N
AVeg(Loanreg) | Feedback Voltage Load Regulation Ity =0.5V to 2V (Note 3) -0.12 -0.2 %
Im(EA) Error Amplifier Transconductance Ity =1.2V (Note 3) 1.3 1.45 1.6 mS
ton On-Time lon = 180uA, Vieg = 0V 90 116 140 ns
lon = 90uA, Vegg = 0V 180 233 280 ns
tonmIn) Minimum On-Time lon = 540pA 45 100 ns
torr(vIn Minimum Off-Time lon = 90uA 250 350 ns
VSENSE(MAX) Maximum Current Sense Threshold VrRng =1V 124 144 166 mV
VRng = 0V 86 101 119 mV
Veng = Vee 177 202 234 mV
VSENSEMIN) Minimum Current Sense Threshold Veng =1V -60 mV
VRng = 0V -40 mV
Vrng = Voe -80 mV
AVrg(ov) Overvoltage Fault Threshold 8.5 10 12.5 %
AVg(uy) Undervoltage Fault Threshold -8.5 -10 -12.5 %
VRUN/SS(ON) RUN Pin Start Threshold 0.8 1.4 2 V
VRuN/SS(LE) RUN Pin Latchoff Enable Threshold RUN/SS Pin Rising 3 v
VRun/ss(LT) RUN Pin Latchoff Threshold RUN/SS Pin Falling 2.3 V
IRUN/SS(C) Soft-Start Charge Current -05 -1.2 -3 pA
IRUN/SS(D) Soft-Start Discharge Current 0.8 2 4 pA
UvLO Undervoltage Lockout Ve Falling 3.9 4.2 V
UVLOys) Undervoltage Lockout Hysteresis Measured at Vgg Pin 0.2 0.35 V
TG Ryp TG Driver Pull-Up On-Resistance TG High (Note 5) 2 Q
TG Rpown TG Driver Pull-Down On-Resistance TG Low (Note 5) 1.5 Q
BG Ryp BG Driver Pull-Up On-Resistance BG High (Note 5) 3 Q
BG Rpown BG Driver Pull-Down On-Resistance BG Low (Note 5) 1.5 Q
Tracking
ITRACK TRACK Pin Input Current Ity = 1.2V, Virack = 0.2V (Note 3) -100 -150 nA
VEg(TRACK) Feedback Voltage at Tracking Vrack = 0.1V, Ity = 1.2V (Note 3) 90 100 110 mV
Vrack = 0.3V, Ity = 1.2V (Note 3) 290 300 310 mV
VitRack = 0.5V, Ity = 1.2V (Note 3) 490 500 510 mV
PGOOD Output
AVEgH PGOOD Upper Threshold Vrg Rising 8.5 10 12.5 %
AVEgL PGOOD Lower Threshold Vg Falling -85 -10 -12.5 %
PG Delay PGOOD Delay Vrg Rising 100 s
AVg(Hys) PGOOD Hysteresis Vg Returning 35 %
IpgooD PGOOD Leakage Current Vpgoop = 7V +1 pA
VPGL PGOOD Low Voltage |PGOOD =5mA 0.2 0.4 V
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LTC3709

GLGCTRICHL CHHRHCTGRISTICS The @ denotes specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = DRV = 5V, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
Phase-Lock Loop
IintpLL_source | Internal PLL Sourcing Current 20 PA
[INTPLL_SINK Internal PLL Sinking Current -20 PA
lexTpLL source | External PLL Sourcing Current 20 PA
[EXTPLL_SINK External PLL Sinking Current -20 PA
VEcs(De) Forced Continuous Threshold Measured with a DC Voltage at FCB Pin 1.9 2.1 2.3 v
VEcB(AC) Clock Input Threshold Measured with a AC Pulse at FCB Pin 1 1.5 2 \
ton(pLL)1 ton1 Modulation Range by External PLL
Up Modulation |ON1 = 180|JA, VEextpLL = 1.8V 186 233 ns
Down Modulation lon1 = 180uA, VexrprL = 0.6V 58 80 ns
ton(pLL)2 ton2 Modulation Range by Internal PLL
Up Modulation |ON2 = 180|JA, VintpLL = 1.8V 186 233 ns
Down Modulation lon2 = 180uA, VintpLL = 0.6V 58 80 ns
Differential Amplifier
Ay Differential Gain 0.995 1.000  1.005 VIV
Vos Input Offset Voltage IN* = IN"=1.2V, lgyr = TmA, 0.5 7 mV
Input Referred; Gain = 1
CM Common Mode Input Voltage Range loyr = TmA 0 5 v
CMRR Common Mode Rejection Ratio 0V < IN*=IN"< 5V, lgyr = TmA, 45 70 aB
Input Referred
loL Output Current 10 40 mA
GBP Gain Bandwidth Product loyr = 1TmA 2 MHz
SR Slew Rate Rp =2k 5 V/us
Vomax) Maximum High Output Voltage loyr = 1TmMA Veo—1.2 Vge-0.8 v
Rin Input Resistance Measured at IN* Pin 80 kQ

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: T, is calculated from the ambient temperature Ty and power

dissipation Pp as follows:
LTC3709EUH: Ty =Ta + (Pp ® 34°C/W)

LTC3709EG:

Ty=Ta+ (Pp* 95°C/W)

Note 3: The LTC3709 is tested in a feedback loop that adjusts Vg to
achieve a specified error amplifier output voltage (Ity).

Note 4: The LTC3709E is guaranteed to meet performance specifications

from 0°C to 70°C. Specifications over the —40°C to 85°C operating

temperature range are assured by design, characterization and correlation
with statistical process controls.

Note 5: Rps(on) limit is guaranteed by design and/or correlation to static

test.




LTC3709

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3709

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3709

TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS (arnsssor)

RUN/SS (Pin 1/Pin 6): Run Control and Soft-Start Input.
A capacitor to ground at this pin sets the ramp rate of the
output voltage (approximately 0.5s/uF) and the time delay
for overcurrent latch-off (see Applications Information).
Forcing this pin below 1.4V shuts down the device.

Ity (Pin2/Pin7): Error Amplifier Compensation Point. The
current comparator threshold increases with this control
voltage. The voltage ranges from 0V to 2.4V with 0.8V
corresponding to zero sense voltage (zero current).

Vg (Pin 3/Pin 8): Error Amplifier Feedback Input. This pin
connects to the error amplifier input. It can be used to
attach additional compensation components if desired.

TRACK (Pin 4/Pin 9): Tie the TRACK pin to a resistive
divider connected to the output of another LTC3709 for
either coincident or ratiometric output tracking (see Appli-
cations Information). To disable this feature, tie the pin to
Vec. Do Not Float this pin.

SGND (Pins 5, 6, 33/Pins 10, 11): Signal Ground. All
small-signal components such as Cgg and compensation
components should connectto this ground and eventually
connectto PGND at one point. The Exposed Pad of the QFN
package must be soldered to PCB ground.

Vos~ (Pin 7/Pin 12): The (=) Input to the Differential
Amplifer.

DIFFOUT (Pin 8/Pin 13): The Output of the Differential
Amplifier.
Vos* (Pin 9/Pin 14): The (+) Input to the Differential
Amplifier.

EXTLPF (Pin 10/Pin 15): Filter Connection for the PLL.
This PLL is used to synchronize the LTC3709 with an
external clock.

INTLPF (Pin 11/Pin 16): Filter Connection for the PLL.
This PLL is use to phase shift the second channel to the
first channel by 180°.

3709fb
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LTC3709

PIN FUNCTIONS (arnsssor)

NC (Pin 12/Pins 1, 17, 18, 19, 20): No Connect.

Ve (Pin17/Pin 25): Main Input Supply. Decouple this pin
to SGND with an RC filter (1€, 0.1uF).

DRV¢c (Pin21/Pin 29): Driver Supply. Provides supply to
the driver for the bottom gate. Also used for charging the
bootstrap capacitor.

BG1, BG2 (Pins 22, 20/Pins 30, 28): Bottom Gate Drive.
Drives the gate of the bottom N-channel MOSFET between
ground and DRV¢.

PGND1, PGND2 (Pins 23, 19/Pins 31, 27): Power Ground.
Connect this pin closely to the source of the bottom N-
channel MOSFET, the (-) terminal of Cprygc andthe (-) ter-
minal of Cyy.

SENSE1~, SENSE2~ (Pins 24,18/Pins 32, 26): Current
Sense Comparator Input. The (=) input to the current
comparator is used to accurately Kelvin sense the bottom
side of the sense resistor or MOSFET.

SENSE1*, SENSE2* (Pins 25,16/Pins 33, 24): Current
Sense Comparator Input. The (+) input to the current
comparator is normally connected to the SW node unless
using a sense resistor (see Applications Information).

SW1, SW2 (Pins 26, 15/Pins 34, 23): Switch Node. The
(-) terminal of the bootstrap capacitor Cg connects here.
This pin swings from a Schottky diode voltage drop below
ground up to V.

TG1, TG2 (Pins 27, 14/Pins 35, 22): Top Gate Drive.
Drives the top N-channel MOSFET with a voltage swing
equal to DRV¢¢ superimposed on the switch node voltage
SW.

BOOST1, BOOST2 (Pins 28, 13/Pins 36, 21): Boosted
Floating Driver Supply. The (+) terminal of the bootstrap
capacitor Cg connects here. This pin swings from a diode
voltage drop below DRVgg up to Viy + DRVg.

PGOOD (Pin 29/Pin 2): Power Good Output. Open-drain
logic output that is pulled to ground when output voltage
is not within £10% of the regulation point. The output
voltage must be out of regulation for at least 100us before
the power good output is pulled to ground.

Ion (Pin 30/Pin 3): On-Time Current Input. Tie a resistor
from Vy to this pin to set the one-shot timer current and
thereby set the switching frequency.

FCB (Pin 31/Pin4): Forced Continuous and External Clock
Input. Tie this pin to ground to force continuous synchro-
nous operation or to Vg to enable discontinuous mode
operation at light load. Feeding an external clock signal
into this pin will synchronize the LTC3709 to the external
clock and enable forced continuous mode.

VRrng (Pin 32/Pin 5): Sense Voltage Range Input. The volt-
ageatthispinistentimesthe nominal sense voltage at maxi-
mum output currentand can be programmed from 0.5V to
2V.The sense voltage defaultsto 70mV whenthis pinistied
to ground, 140mV when tied to V.




LTC3709

FUNCTIONAL DIAGRAM
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LTC3709

OPGBHTIOI‘I (Refer to Functional Diagram)

MAIN CONTROL LOOP

The LTC3709 is a constant on-time, current mode step-
down controller with two channels operating 180 degrees
out of phase. In normal operation, each top MOSFET is
turned on for a fixed interval determined by its own one-
shot timer OST. When the top MOSFET is turned off, the
bottom MOSFET is turned on until the current comparator
lowmp trips, restarting the one-shot timer and repeating the
cycle. The trip level of the current comparator is set by the
Ity voltage, which is the output of error amplifier EA.
Inductor current is determined by sensing the voltage
between the SENSE™ and SENSE* pins using either the
bottom MOSFET on-resistance or a separate sense resis-
tor. Atlight load, the inductor current can drop to zero and
become negative. This is detected by current reversal
comparator Iggy, which then shuts off the bottom MOSFET,
resulting in discontinuous operation. Both switches will
remain off with the output capacitor supplying the load
current until the Ity voltage rises above the zero current
level (0.8V) to initiate another cycle. Discontinuous mode
operation is disabled when the FCB pin is tied to ground,
forcing continuous synchronous operation.

The main control loop is shut down by pulling the RUN/SS
pinlow, turning off both top MOSFET and bottom MOSFET.
Releasing the pin allows an internal 1.2uA current source
to charge an external soft-start capacitor Cgs. When this
voltage reaches 1.4V, the LTC3709 turns on and begins
operating with a clamp on the noninverting input of the
erroramplifier. This input is also the reference input of the
error amplifier. As the voltage on RUN/SS continues to
rise, the voltage on the reference input also rises at the
same rate, effectively controlling output voltage slew rate.

Operating Frequency

The operating frequency is determined implicitly by the
top MOSFET on time and the duty cycle required to
maintain regulation. The one-shot timer generates an on-
time that is proportional to the ideal duty cycle, thus
holding the frequency approximately constant with changes
in Viy. The nominal frequency can be adjusted with an
external resistor Roy.

Output Overvoltage Protection

An overvoltage comparator, OV, guards against transient
overshoots (>10%) as well as other more serious condi-
tions that may overvoltage the output. In this condition,
the top MOSFET is turned off and the bottom MOSFET is
turned on and held on until the condition is cleared.

Power Good (PGOOD) Pin

Overvoltage and undervoltage comparators OV and UV
pull the PGOOD output low if the output feedback voltage
exits a £10% window around the regulation point. In
addition, the output feedback voltage must be out of this
window for a continuous duration of at least 100us before
the PGOOD is pulled low. This is to prevent any glitch on
the feedback voltage from creating a false power bad
signal. The PGOOD willindicate agood power immediately
when the feedback voltage is in regulation.

Short-Circuit Detection and Protection

After the controller has been started and been given
adequate time to charge the output capacitor, the RUN/SS
capacitor is used in a short-circuit time-out circuit. If the
output voltage falls to less than 67% 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 condition 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 voltage is recycled. This built-in latch off can
be overridden by providing a >5uA pull-up at a compli-
ance of 5V to the RUN/SS pin. This current shortens the
soft-start period but also prevents net discharge of the
RUN/SS capacitor during an overcurrent and/or short-
circuit condition.

DRVe

Power for the top and bottom MOSFET drivers and most
of the internal controller circuitry is derived from the
DRVg¢ pin. The top MOSFET driver is powered from a
floating bootstrap capacitor Cg. This capacitor is normally
recharged from DRV through an external Schottky di-
ode Dg when the top MOSFET is turned off.
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LTC3709

OPGBHTIOI‘I (Refer to Functional Diagram)
Differential Amplifier

This amplifier provides true differential output voltage
sensing. Sensing both Voyt* and Vgyt~ benefits regula-
tion in high current applications and/or applications hav-
ing electrical interconnection losses. This sensing also
isolates the physical power ground from the physical
signal ground, preventing the possibility of troublesome
“ground loops” on the PC layout and preventing voltage
errors caused by board-to-board interconnects.

Dual Phase Operation

An internal phase-lock loop (PLL1) ensures that channel
2 operates exactly at the same frequency as channel 1 and
is also phase shifted by 180°, enabling the LTC3709 to
operate optimally as a dual phase controller. The loop filter
connected to the INTLPF pin provides stability to the PLL.
For external clock synchronization, a second PLL (PLL2)
isincorporated into the LTC3709. PLL2 will adjust the on-
time of channel 1 until its frequency is the same as the
external clock. When locked, the PLL2 aligns the turn on

of the top MOSFET of channel 1 to the rising edge of the
external clock. Compensation for PLL2 is through the
EXTLPF pin.

The loop filter components tied to the INTLPF and EXTLPF
pins are used to compensate the internal PPL and external
PLL respectively. The typical value ranges are:

INTLPF: Rpi | = 2kQ to 10kQ, Cjp | = 10nF to 100nF
EXTLP: Repr| < 1kQ, Cgp = 10nF to 100nF

For noise suppression, a capacitor with a value of 1nF or
less should be placed from INTLPF to ground and EXTLPF
to ground.

Second Channel Shutdown During Light Loads

When FCB is tied to Vg, discontinuous mode is selected.
In this mode, no reverse current is allowed. The second
channel is off when |ty is less than 0.8V for better
efficiency. When FCB is tied to ground, forced continuous
mode is selected, both channels are on and reversed
current is allowed.

APPLICATIONS INFORMATION

The basic LTC3709 application circuit is shown on the
first page of this data sheet. External component selec-
tion is primarily determined by the maximum load cur-
rent and begins with the selection of the power MOSFET
switches and/or sense resistor. The inductor current is
determined by the Rpg(on of the synchronous MOSFET
while the user has the option to use a sense resistor for
a more accurate current limiting. The desired amount of
ripple current and operating frequency largely deter-
mines the inductor value. Finally, C;y is selected for its
ability to handle the large RMS current into the converter
and Coyr is chosen with low enough ESR to meet the
output voltage ripple specification.

Maximum Sense Voltage and Vgyg Pin

Inductor current is determined by measuring the voltage
acrossthe Rpg(on) of the synchronous MOSFET or through
a sense resistance that appears between the SENSE™ and

the SENSE* pins. The maximum sense voltage is set by the
voltage applied to the Vgpyg pin and is equal to approxi-
mately Vryg/7.5. The current mode control loop will not
allow the inductor current valleys to exceed Vrng/(7.5 ©
Rsense)- In practice, one should allow some margin for
variations inthe LTC3709 and external component values.
A good guide for selecting the sense resistance for each
channel is:

2¢e)\/
R — RNG
AT lout(max)

The voltage of the VRyg pin can be set using an external
resistive divider from Vg between 0.5V and 2V resulting
in nominal sense voltages of 50mV to 200mV. Addition-
ally, the VRng pin can be tied to ground or Vg, in which
case the nominal sense voltage defaults to 70mV or
140mV, respectively. The maximum allowed sense volt-
age is about 1.3 times this nominal value.
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Connecting the SENSE* and SENSE~ Pins

The LTC3709 provides the user with an optional method to
sense currentthrough asense resistorinstead of using the
Ros(on) of the synchronous MOSFET. When using a sense
resistor, it is placed between the source of the synchro-
nous MOSFET and ground. To measure the voltage across
this resistor, connect the SENSE™ pin to the source end of
the resistor and the SENSE™ pin to the other end of the
resistor. The SENSE* and SENSE™ pin connections pro-
vide the Kelvin connections, ensuring accurate voltage
measurement across the resistor. Using a sense resistor
provides a well-defined current limit, but adds cost and
reduces efficiency. Alternatively, one can use the synchro-
nous MOSFET as the current sense element by simply
connecting the SENSE* pin to the switch node SW and the
SENSE™ pin to the source of the synchronous MOSFET,
eliminating the sense resistor. This improves efficiency,
but one must carefully choose the MOSFET on-resistance
as discussed in the Power MOSFET Selection section.

Power MOSFET Selection

The LTC3709 requires four external N-channel power
MOSFETSs, two for the top (main) switches and two for the
bottom (synchronous) switches. Important parameters
for the power MOSFETs are the breakdown voltage
V(gRr)pss, threshold voltage V(gs)rh, on-resistance Rps o),
reverse transfer capacitance Crgg and maximum current
lps(mAx)-

The gate drive voltage is set by the 5V DRV¢g supply.
Consequently, logic-level threshold MOSFETs must be
used in LTC3709 applications. If the driver’s voltage is
expected to drop below 5V, then sub-logic level threshold
MOSFETSs should be used.

When the bottom MOSFETSs are used as the current sense
elements, particular attention must be paid to their on-
resistance. MOSFET on-resistance is typically specified
with a maximum value Rps(onymax) at 25°C. In this case
additional margin is required to accommodate the rise in
MOSFET on-resistance with temperature:

Rsense
PT

Rosonymax) =

2.0

/

0.5

1 NORMALIZED ON-RESISTANCE
=

=50 0 50 100 150
JUNCTION TEMPERATURE (°C)

3709 FO1

Figure 1. Rps(on) vs Temperature

The p7 term is a normalization factor (unity at 25°C)
accounting for the significant variation in on-resistance
with temperature, typically about 0.4%/°C. Junction-to-
case temperature is about 20°C in most applications. For
a maximum junction temperature of 100°C, using a value
p100°c = 1.3 is reasonable (Figure 1).

The power dissipated by the top and bottom MOSFETs
strongly depends upon their respective duty cycles and
the load current. When the LTC3709 is operating in
continuous mode, the duty cycles for the MOSFETs are:

Vi
Drop =~
Vin
Vin =V,
Dy = N - out
N

The maximum power dissipation in the MOSFETs per
channel is:

2
louT(MAX
PTOP = DTOP ° {% *P1(TOP) * RDS(ON)(MAX) +

2 (1
(0.5)* Viy ‘(OST]‘CRSS‘“

1 1
Rpsion)_pRrv +
(D RVee - VGS(TH)) Vas(TH)

)
louT(MAX
Peor =Dgor ® {% *p1(80T) * Roson)max)
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Both top and bottom MOSFETs have I2R losses and the top
MOSFET includes an additional term for transition losses,
which are the largest at maximum input voltages. The
bottom MOSFET losses are the greatest when the bottom
duty cycle is near 100%, during a short circuit or at high
input voltage. A much smaller and much lower input
capacitance MOSFET should be used for the top MOSFET
inapplications that have an output voltage that is less than
1/3 ofthe input voltage. Inapplications where V\y >> Voyr,
the top MOSFETS’ “on” resistance is normally less impor-
tant for overall efficiency than its input capacitance at
operating frequencies above 300kHz. MOSFET manufac-
turers have designed special purpose devices that provide
reasonably low “on” resistance with significantly reduced
input capacitance for the main switch application in switch-
ing regulators.

Operating Frequency

The choice of operating frequency is a tradeoff between
efficiency and component size. Low frequency operation
improves efficiency by reducing MOSFET switching losses
butrequireslargerinductance and/or capacitance to main-
tain low output ripple voltage.

The operating frequency of LTC3709 applications is deter-
mined implicitly by the one-shot timer that controls the on
time, toy, of the top MOSFET switch. The on-time is set by
the current into the Iy pin according to:

0.7
toy = @(pr)

Tying a resistor from Vyy to the Igy pin yields an on-time
inversely proportional to V). For a down converter, this
results in approximately constant frequency operation as
the input supply varies:

Vout

= Per Ph
0.7+ Ry (30pF) " P1ESE)

PLL and Frequency Synchronization

In the LTC3709, there are two on-chip phase-lock loops
(PLLs). One of the PLLs is used to achieve frequency

locking and phase separation between the two channels
while the second PLL is for locking onto an external clock.
Since the LTC3709 is a constant on-time architecture, the
error signal generated by the phase detector of the PLL is
used to vary the on-time to achieve frequency locking and
180° phase separation.

The synchronization is set up in a “daisy chain” manner
whereby channel 2’s on-time will be varied with respect to
channel 1. If an external clock is present, then channel 1’s
on-time will be varied and channel 2 will follow suit. Both
PLLs are set up with the same capture range and the fre-
quency range that the LTC3709 can be externally synchro-
nized to is between 2 #fg and 0.5 « fg, where fg is the initial
frequency setting of the two channels. Itis advisable to set
initial frequency as close to external frequency as possible.

Alimitation of both PLLs is whenthe on-time s close tothe
minimum (100ns). In this situation, the PLL will not be
able to synchronize up in frequency.

Toensure proper operation of the internal phase-lock loop
when no external clock is applied to the FCB pin, the
INTLPF pin may need to be pulled down while the output
voltage is ramping up. One way to do this is to connect the
anode of a silicon diode to the INTLPF pin and its cathode
to the PGOOD pin and connect a pull-up resistor between
the PGOQD pin and V. Refer to Figure 9 for an example.

Inductor Selection

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

Al =| Your | 4_ Vour
fel V|N

Lower ripple current reduces core losses in the inductor,
ESR losses in the output capacitors and output voltage
ripple. Highest efficiency operation is obtained at low
frequency with small ripple current. However, achieving
this requires a large inductor. There is a tradeoff between
component size, efficiency and operating frequency.
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A reasonable starting point is to choose a ripple current
that is about 40% of lgyr(wax)/2. Note that the largest
ripple current occurs at the highest V). To guarantee that
ripple current does not exceed a specified maximum, the
inductance should be chosen according to:

Lo Vour |4 _Vour
fe Al max) Vingwax)

Once the value for L is known, the inductors must be
selected (based on the RMS saturation current ratings). A
variety of inductors designed for high current, low voltage
applications are available from manufacturers such as
Sumida, Toko and Panasonic.

Schottky Diode Selection

The Schottky diodes conduct during the dead time be-
tween the conduction of the power MOSFET switches. Itis
intended to prevent the body diode of the bottom MOSFET
from turning on and storing charge during the dead time,
which causes a modest (about 1%) efficiency loss. The
diode can be rated for about one-half to one-fifth of the full
load current since it is on for only a fraction of the duty
cycle. Inorder for the diode to be effective, the inductance
between the diode and the bottom MOSFET must be as
small as possible, mandating that these components be
placed adjacently. The diode can be omitted if the effi-
ciency loss is tolerable.

Cyn and Cqyt Selection

In continuous mode, the current of each top N-channel
MOSFET is a square wave of duty cycle Voyt/Viy. A low
ESR input capacitor sized for the maximum RMS current
must be used. The details of a close form equation can be
found in Application Note 77. Figure 2 shows the input
capacitor ripple current for a 2-phase configuration with
the output voltage fixed and input voltage varied. The input
ripple currentis normalized against the DC output current.
The graph can be used in place oftedious calculations. The
minimum input ripple current can be achieved when the
input voltage is twice the output voltage.

In the Figure 2 graph, the local maximum input RMS
capacitor currents are reached when:

Your _ %=1 nere k=1,2
Viv 4

These worst-case conditions are commonly used for
design because even significant deviations do not offer
much relief. Note that ripple current ratings from capacitor
manufacturers are often based on only 2000 hours of life
which makes it advisable to derate the capacitor. Several
capacitors may also be paralleled to meet size or height
requirements in the design. Always consult the capacitor
manufacturer if there is any question.

It is important to note that the efficiency loss is propor-
tional to the input RMS current squared and therefore a
2-stage implementation results in 75% less power loss
when compared to a single phase design. Battery/input
protection fuse resistance (if used), PC board trace and
connector resistance losses are also reduced by the re-
ductionoftheinputripple currentina2-phase system. The
required amount ofinput capacitance is further reduced by
the factor 2 due to the effective increase in the frequency
of the current pulses.

0.6

05 =

0.4 —— 1-PHASE
weeneees 2-PHASE

0.3

02 B~

RMS INPUT RIPPLE CURRNET
DC LOAD CURRENT

0.1

0
01 02 03 04 05 06 07 08 09
DUTY FACTOR (Vout/Vin)

3709 F02

Figure 2. RMS Input Current Comparison
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The selection of Coyr is primarily determined by the ESR
requiredto minimize voltage ripple and load step transients.
The output ripple AVgyt is approximately bounded by:

-
fCout

Since Al increases with input voltage, the output ripple is
highestat maximum inputvoltage. Typically, once the ESR
requirement is satisfied, the capacitance is adequate for
filtering and has the necessary RMS current rating.

AVOUT < AlL(ESR +

Multiple capacitors placed in parallel may be needed to
meet the ESR and RMS current handling requirements.
Dry tantalum, special polymer, aluminum electrolytic and
ceramic capacitors are all available in surface mount
packages. Special polymer capacitors offer very low ESR
but have lower capacitance density than other types.
Tantalum capacitors have the highest capacitance density
but it is important to only use types that have been surge
tested for use in switching power supplies. Aluminum
electrolytic capacitors have significantly higher ESR, but
can be used in cost-sensitive applications providing that
consideration is given to ripple current ratings and long-
term reliability. Ceramic capacitors have excellent low
ESR characteristics but can have a high voltage coefficient
and audible piezoelectric effects. High performance
through-hole capacitors may also be used, but an addi-
tional ceramic capacitor in parallel is recommended to
reduce the effect of their lead inductance.

Top MOSFET Driver Supply (Cg, Dg)

Anexternal bootstrap capacitor Cg connected tothe BOOST
pinsuppliesthe gate drive voltage for the topside MOSFET.
This capacitor is charged through diode Dg from DRV¢g
when the switch node is low. Note that the average voltage
across Cgis approximately DRV¢c. When the top MOSFET
turns on, the switch node rises to Vy and the BOOST pin
rises to approximately V,y + DRV¢¢. The boost capacitor
needsto store about 100 times the gate charge required by
the top MOSFET. In most applications 0.1uF to 0.47uF is
adequate.

Discontinuous Mode Operation and FCB Pin

The FCB pin determines whether the bottom MOSFET
remains on when current reverses in the inductor. Tying
this pinto Vg enables discontinuous operation where the
bottom MOSFET turns off wheninductor current reverses.
The load current at which inductor current reverses and
discontinuous operation begins depends on the amplitude
of the inductor ripple current. The ripple current depends
onthe choice of inductor value and operating frequency as
well as the input and output voltages.

Tying the FCB pin to ground forces continuous synchro-
nous operation, allowing current to reverse at light loads
and maintaining high frequency operation.

Besides providing alogic input to force continuous opera-
tion, the FCB pin acts as the input for external clock syn-
chronization. Upon detectinga TTL level clock and the fre-
quency is higher than the minimum allowable, channel 1
will lock on to this external clock. This will be followed by
channel 2 (see PLL and Frequency Synchronization). The
LTC3709 will be forced to operate in forced continuous
mode in this situation.

Fault Conditions: Current Limit

The maximum inductor current is inherently limited in a
currentmode controller by the maximum sense voltage. In
the LTC3709, the maximum sense voltage is controlled by
the voltage on the Vgyg pin. With valley current control,
the maximum sense voltage and the sense resistance
determine the maximum allowed inductor valley current.
The corresponding output current limit is:

Vonsmax) 1
i =] 5 e Al |2
Rosony *p7T 2

The current limit value should be checked to ensure that
||_||\/||'|'(|\/|||\|) > IOUT(IVIAX)- The minimum value of current limit
generally occurs with the largest V) at the highest ambi-
enttemperature, conditions which cause the largest power
loss in the converter. Note that it is important to check for
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self-consistency between the assumed junction tempera-
ture and the resulting value of Iy, Which heats the
junction.

Cautionshould be used when setting the current limit based
upon the Rpg(on) of the MOSFETS. The maximum current
limitis determined by the minimum MOSFET on-resistance.
Data sheets typically specify nominaland maximum values
for Rps(ony), but notaminimum. A reasonable assumption
is that the minimum Rpg o) lies the same amount below
the typical value as the maximum lies above it. Consult the
MOSFET manufacturer for further guidelines.

For a more accurate current limiting, a sense resistor can
be used. Sense resistors in the 1W power range are easily
available with 5%, 2% or 1% tolerance. The temperature
coefficient of these resistors are very low, ranging from
+250ppm/°C to £75ppm/°C. In this case, the denomina-
tor in the above equation can simply be replaced by the
Rsense value.

Minimum Off-Time and Dropout Operation

The minimum off-time topr(viny is the smallest amount of
time that the LTC3709 is capable of turning on the bottom
MOSFET, tripping the current comparator and turning the
MOSFET back off. This time is generally about 250ns. The
minimum off-time limitimposes a maximum duty cycle of
ton/(ton +torrviny)- Ifthe maximum duty cycle is reached,
due to a dropping input voltage for example, then the
output will drop out of regulation in order to maintain the
duty cycle at its limit. The minimum input voltage to avoid

dropout is:
1
Vinguiny = VOUTW

A plot of maximum duty cycle vs frequency is shown in
Figure 3.

Soft-Start and Latchoff with the RUN/SS Pin

The RUN/SS pin provides a means to shut down the
LTC3709 as well as a timer for soft-start and overcurrent
latchoff.

2.0

DROPOUT
REGION

0.5

SWITCHING FREQUENCY (MHz)
o

0
0 0.25 0.50 0.75 1.0
DUTY CYCLE (Vout/Vin)

3709 FO3

Figure 3. Maximum Switching Frequency vs Duty Cycle

Pulling the RUN/SS pin below 1.4V puts the LTC3709 into
a low quiescent current shutdown (lg < 30uA). Releasing
the pin allows an internal 1.2uA internal current source to
charge the external capacitor Cgs. If RUN/SS has been
pulled allthe way to ground, there is a delay before starting
of about:

1.4V
1.20A

When the RUN/SS voltage reaches the ON threshold
(typically 1.4V), the LTC3709 begins operating with a
clamp onEA’s reference voltage. The clamp level is one ON
threshold voltage below RUN/SS. As the voltage on RUN/SS
continuestorise, EA’s reference is raised at the same rate,
achieving monotonic output voltage soft-start (Figure 4).

tDeLAY = *Css =(1-23/HF)CSS

RUN/SS
+ AV =0.6V

ON THRESHOLD

* TIME

Vourt

TIME

»
3709 Fo4

Figure 4. Monotonic Soft-Start Waveforms
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Vee

Rss”
Vin
3.3VOR5V RUN/SS D2*
Rec*
D1 ss
1S S,

™
- = 3709F05

RUN/SS

*OPTIONAL TO OVERRIDE
OVERCURRENT LATCHOFF

(5a) (5h)

Figure 5. RUN/SS Pin Interfacing with Latchoff Defeated

When RUN/SS rises 0.6V above the ON threshold, the
reference clamp is invalidated and the internal precision
reference takes over.

After the controller has been started and given adequate
time to charge the output capacitor, Cgg is used as a short-
circuit timer. After the RUN/SS pin charges above 3V, and
if the output voltage falls below 67% of its regulated value,
then a short-circuit fault is assumed. A 2uA current then
begins discharging Cgg. If the fault condition persists until
the RUN/SS pin dropsto 2.5V, then the controller turns off
both power MOSFETSs, shutting down the converter per-
manently. The RUN/SS pin must be actively pulled down
to ground in order to restart operation.

The overcurrent protection timer requires that the soft-
start timing capacitor Cgg be made large enough to guar-
antee that the output is in regulation by the time Cgg has

Vourt

Vourz

OUTPUT VOLTAGE

v

TIME
(6a) Coincident Tracking

reached the 3V threshold. In general, this will depend upon
the size of the output capacitance, output voltage and load
current characteristic. Aminimum soft-start capacitor can
be estimated from:

Css > Cout Vout Rsense (1074 [FVg])

Overcurrent latchoff operation is not always needed or
desired and can prove annoying during troubleshooting.
The feature can be overridden by adding a pull-up current
of >5uA to the RUN/SS pin. The additional current pre-
vents the discharge of Cgg during a fault and also shortens
the soft-start period. Using a resistor to V,y as shown in
Figure 5 is simple, but slightly increases shutdown cur-
rent. Any pull-up network must be able to pull RUN/SS
above the 3V threshold that arms the latchoff circuit and
overcome the 2uA maximum discharge current.

Output Voltage Tracking

The feedback voltage, Vgg, will follow the TRACK pin
voltage when the TRACK pin voltage is less than the
reference voltage, Vrer (0.6V). When the TRACK pin
voltage is greater than VRgr, the feedback voltage will
servo to Vgrgr. When selecting components for the TRACK
pin, ensure the final steady-state voltage on the TRACK pin
is greater than VRgr at the end of the tracking interval.

The LTC3709 allows the user to set up start-up sequenc-
ing among different supplies in either coincident tracking
or ratiometric tracking as shownin Figure 6. Toimplement
the coincident tracking, connect an extra resistor divider

A

Vourt

OUTPUT VOLTAGE

Vourz

»
»
3709 F06

TIME
(6b) Ratiometric Tracking

Figure 6. Two Different Forms of Qutput Voltage Sequencing
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to the output of supply 1. This resistor divider is selected
to be the same as the divideracross supply 2’s output. The
TRACK pin of supply 2 is connected to this extra resistor
divider. For the ratiometric tracking, simply connect the
TRACK pin of supply 2 to the Vg pin of supply 1. Figure
7 shows this implementation. Note that in the coincident
tracking, output voltage of supply 1 has to be set higher
than output voltage of supply 2.

Note that since the shutdown trip point varies from part to
part, the “slave” part’s RUN/SS pin will need to be con-
nectedto Vgc. This eliminates the possibility that different
LTC3709s may shut down at different times.

If output sequencing is not needed, connect the TRACK
pins to V. Do Not Float these pins.

SUPPLY 1 SUPPLY 2

V V
ouT1 LTC3709 , ouT2

R1 SRS
] Vig
Vi TRACK R6

>
R2 ‘im
% = E—g Vout2 COINCIDENTLY TRACKS VoyT1

R3 _ R1 RATIOMETRIC POWER UP
R4 R2 BETWEEN Vgyt1 AND Vout2

= 3709F07

Figure 7. Setup for Coincident and Ratiometric Tracking

Efficiency Considerations

The percent efficiency of a switching regulator is equal to
the output power divided by the input power times 100%.
It is often useful to analyze individual losses to determine
what is limiting the efficiency and which change would
produce the most improvement.

Although all dissipative elements in the circuit produce
losses, four main sources account for most of the losses
in LTC3709 circuits:

1. DC I2R losses. These arise from the resistances of the
MOSFETSs, inductor and PC board traces and cause the
efficiency to drop at high output currents. In continuous
mode the average output current flows through L, but is
chopped between the top and bottom MOSFETSs. If the two
MOSFETSs have approximately the same Rps(on), then the

resistance of one MOSFET can simply be summed with the
resistances of L and the board traces to obtain the DC I2R
loss. Forexample, if Rpg(on) = 0.01€2and R =0.005€2, the
loss will range from 0.1% up to 10% as the output current
varies from 1A to 10A for a 1.5V output.

2. Transition loss. This loss arises from the brief amount
of time the top MOSFET spends in the saturated region
during switch node transitions. It depends upon the input
voltage, load current, driver strength and MOSFET capaci-
tance, among other factors. The loss is significant at input
voltages above 20V and can be estimated from:

. 2
TransitionLoss = (0.5)* iy *loyt ®*Crgs *f*
1 1

+
DRVee —VesrHy  Ves(th)

Rpsion)_pRv

3. Gate driver supply current. The driver current supplies
the gate charge Qg required to switch the power MOSFETS.
This current is typically much larger than the control
circuit current. In continuous mode operation:

lgatecHa = f (Qgrop) + Qg(soT))

4. Cyy loss. The input capacitor has the difficult job of
filtering the large RMS input current to the regulator. It
must have a very low ESR to minimize the AC I2R loss and
sufficient capacitance to prevent the RMS current from
causing additional upstream losses in fuses or batteries.
Other losses, including Coyt ESR loss, Schottky conduc-
tionloss during dead time and inductor core loss generally
account for less than 2% additional loss.

When making any adjustments to improve efficiency, the
final arbiter is the total input current for the regulator at
your operating point. If you make a change and the input
current decreases, then you improved the efficiency. If
thereisnochangeininputcurrent, thenthereis no change
in efficiency.

Checking Transient Response

The regulator loop response can be checked by looking at
the load transient response. Switching regulators take
several cycles to respond to a step in load current. When
aload step occurs, Voyt immediately shifts by an amount
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equal to Al pap (ESR), where ESR is the effective series
resistance of Cout. Al oap also begins to charge or
discharge Coyt generating afeedback error signal used by
the regulator to return Vgyr to its steady-state value.
During this recovery time, Voyt can be monitored for
overshoot or ringing that would indicate a stability prob-
lems. The Ity pin external components shown in Figure 9
will provide adequate compensation for most applica-
tions. For a detailed explanation of switching control loop
theory see Application Note 76.

Design Example

As a design example, take a supply with the following
specifications: Vy = 7V to 28V (15V nominal), Voyt =
2.9V, loytmax) = 20A, f = 250kHz. First, calculate the
timing resistor:

) 25V )
fon = (0.7V)(250kHz])(30pF) 0k

and choose the inductor for about 40% ripple current at
the maximum Vjy. Maximum output current for each
channel is 10A:

~ 2.5V 25V
- (250kHz)(0.4)(10A) (1 28V ] =23uH

Selecting a standard value of 1.8uH results ina maximum
ripple current of:

25V 25V
AlL= (250kHz)(1.8uH) [1 28V ] =0

Next, choose the synchronous MOSFET switch. Choosing
a Si4874 (Rps(on) = 0.008322 (NOM) 0.010Q (MAX),
qya = 40°C/W) yields a nominal sense voltage of:

Vsnsion) = (10A)(1.3)(0.0083€) = 108mV

Tying Vrygto 1.1V will set the current sense voltage range
for a nominal value of 110mV with current limit occurring
at 146mV. To check if the current limit is acceptable,
assume a junction temperature of about 80°C above a
70°C ambient with py5go¢ = 1.5:

146mv 1
Iirr 2 [W?(SJA)J «2=24A

and double check the assumed T in the MOSFET:

2
Pgor = 28\/2;\2/'5\/ (Z:A] (1 .5)(0.0109) —197W

Ty =70°C + (1.97W)(40°C/W) = 149°C

Because the top MOSFET is on for such a short time, an
Si4884 Rps(onymax) = 0.0165Q, Crss = 100pF, 6p =
40°C/W will be sufficient. Checking its power dissipation
at current limit with pyggeg = 1.4:

2
Prop = %[#] (1.4)(0.0165) +

(1 .7)(28V)2(1 2A)(1 00pF)(250kHz)
—0.30W + 0.40W = 0.7W
T, = 70°C + (0.7W)(40°C/W) = 98°C

The junction temperatures will be significantly less at
nominal current, but this analysis shows that careful
attention to heat sinking will be necessary in this circuit.

Cin is chosen for an RMS current rating of about 10A
at 85°C. The output capacitors are chosen for a low ESR
of 0.013Q to minimize output voltage changes due to
inductor ripple current and load steps. The ripple voltage
will be only:

AVout(rippLE) = Al vax) (ESR)
- (5.1A) (0.013Q) = 66mV

However, a OA to 10A load step will cause an output
change of up to:

AVOUT(STEP) =Al oap (ESR)=(10A) (0.013Q)=130mV

An optional 22uF ceramic output capacitor is included to
minimize the effect of ESL in the output ripple. The
complete circuit is shown in Figure 9.
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LTC3709

APPLICATIONS INFORMATION
PC Board Layout Checklist

When laying out a PC board follow one of the two sug-
gested approaches. The simple PC board layout requires
a dedicated ground plane layer. Also, for higher currents,
it is recommended to use a multilayer board to help with
heat sinking power components.

The ground plane layer should not have any traces and
it should be as close as possible to the layer with power
MOSFETs.

Place Cyy, Coyt, MOSFETS, D1, D2 and inductors all in
one compact area. It may help to have some compo-
nents on the bottom side of the board.

Use an immediate via to connect the components to
ground plane including SGND and PGND of LTC3709.
Use several larger vias for power components.

Use a compact plane for switch node (SW) to keep EMI
down.

Use planes for Vy and Vgyt to maintain good voltage
filtering and to keep power losses low.

Flood all unused areas on all layers with copper. Flood-
ing with copper will reduce the temperature rise of
power component. You can connectthe copperareas to
any DC net (Viy, Vout, GND or to any other DC rail in
your system).

When laying out a printed circuit board, without a ground
plane, use the following checklist to ensure proper opera-
tion of the controller. These items are also illustrated in
Figure 9.

- L.
1.01 1

SENSE™* SENSE™
(8a) Sensing the Bottom MOSFET

- -
L__ N \MOSFET

Segregate the signal and power grounds. All small
signal components should return to the SGND pin at
one point, which is then tied to a “clean” point in the
power ground such as the “=” node of Cyy.

Minimize impedance between input ground and output
ground.

Connect PGND1 to the source of M2 or Rgy (QFN)
directly. This also applies to channel 2.

Place M2 as close to the controller as possible, keeping
the PGND1, BG1 and SW1 traces short. The same for
the other channel. SW2 trace should connect to the
drain of M2 directly.

Connect the input capacitor(s) Cyy close to the power
MOSFETs: (+) node to drain of M1, (=) node to source
of M2. This capacitor carries the MOSFET AC current.

Keep the high dV/dt SW, BOOST and TG nodes away
from sensitive small-signal nodes.

Connect the DRV decoupling capacitor Cyg closely
to the DRV and PGND pins.

Connect the top driver boost capacitor Cg closely to the
BOOST and SW pins.

Connect the V) pin decoupling capacitor Cg closely to
the Vg and PGND pins.

Are the SENSE~and SENSE* leads routed together with
minimum PC trace spacing? The filter capacitor be-
tween SENSE™and SENSE* (Csgnsg) should be as close
as possible to the IC. Ensure accurate current sensing
with Kelvin connections at the sense resistor as shown
in Figure 8.

\

r--7

Rsense

SENSE* SENSE™

3333333

(8b) Sensing a Resistor

Figure 8. Kelvin Sensing
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APPLICATIONS INFORMATION

MMSD4148 1
g OPTIONAL —_'0F
1 -
Cgs 0.1uF
” : ” 10k
| RUN/SS VRNG \ 4 Mj_
Cg 470pF Rc 20k o 31 =
0—|C ITH FCB fiv JT1L_IL 357k
100pF 9
‘,_I s 30 Ron 476k Vin
Veg lon - :’B/(‘)vk 7V T0 28V
4 29 |Rraoop
_/\_— TRACK  PGOOD AN 2\7\/00 D1
TRACK on  soos 12 —PGOOD . CyDSH-3 . _ B340A
1 , I_I
100pF I_s 27 ——= 81 0220F A I
SGND TG1 Rl -||<- M2
7 26 H] 3 L
[
Vos~ SW1 1.8uH
Rea 10k | | Ry 31.6k | g 25
*— W\ AN DIFFOUT SENSE1* *
0 o 100pF
Vost  SENSET ®
1000F 4o,
e LTC3709EUH
1nF
10 23
‘ — EXTLPF  PGND1 Vour
- - 2.5/
332k 4 0o ——WF 20A
! v INTLPF BG1
470pF
0—| I—o 21ne DRVg; |2 o
- cc 1
’ 31 BoosT2 BG2 |2 -
62 14 19
0.22uF 162 PGND2
15 |18
SW2  SENSE2 y L2
16 17 10Q — — ; 1.8uH
SENSE2* Vg =W -IN_LM‘? —||<- M4
100pF Dg2 ¢ " -
p ——iuF B2 ’
| . CMDSH-3 9
11 D2
B340A

3709 F09

L1, L2: PANASONIC ETQP6FIR8BFA
Cout: PANASONIC EEFUEOG181R
M1, M3: SILICONIX Si4884DY

M2, M4: SILICONIX Si4874DY

Figure 9. 2-Phase 2.5V/20A Supply at 250kHz with Tracking and External Synch
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LTC3709
PACKAGE DESCRIPTION

G Package
36-Lead Plastic SSOP (5.3mm)
(Reference LTC DWG # 05-08-1640)

12.50 - 13.10*
(492 - 516)

. R
DDDDDDDDDDDDDDDDDDT— 36 3 4(|3__I|3(|3:.|231|3:(|J292H82H72H62H5242322212019

o
w

78-82 53-5.7
7.40-8.20
(291 - .323)

0.42 £0.03 —» l<«—

DDDDDDDDDDDDDDDDQ]Q]iﬁ O
e o TORTTIUUONRLNE

RECOMMENDED SOLDER PAD LAYOUT
5.00 - 5.60** 3-09
(197-221) " (ﬁ)
0°-8° gy Sy By
* B L J J - J L J J J J J__
0.09-0.25 055-0.95 | L T %»‘ ‘« T
(.0035 - .010) (.022 - .037) (.BSC ) 0.05
NOTE: 022-038 || (.002)
1. CONTROLLING DIMENSION: MILLIMETERS (-009T\—”5015) MIN
MILLIMETERS 636 SSOP 0204

2. DIMENSIONS ARE IN (INCHES)

3. DRAWING NOT TO SCALE
*DIMENSIONS DO NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED .152mm (.006") PER SIDE
**DIMENSIONS DO NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED .254mm (.010") PER SIDE
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LTC3709

PACKAGE DESCRIPTION

UH Package
32-Lead Plastic QFN (5mm x 5mm)
(Reference LTC DWG # 05-08-1693)

5.50 +0.05
41040.05
350
@sl

il
=

DES)

n ﬁﬁﬂ

-

o
=
o
o
o
a

—!

I_II_I‘

ifiyili|

1l

Dﬂ

<— PACKAGE OUTLINE

3.45|+ 0.05 —>
4*0 25+0.05

- -Moooggos

RECOMMENDED SOLDER PAD LAYOUT
APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED

R=0.05
TYP

—>||<— 0.00-0.05

R=0.115

5.00+0.10 ‘ ‘0.75 + 0.05‘ TYP

(4 SIDES) | |
|

‘

BOTTOM VIEW—EXPOSED PAD

31 32

PIN 1 NOTCHR =0.30 TYP
OR 0.35 x 45° CHAMFER

{

0.40+0.10

t

I
o | &JUUUJUUUU
QTOPMARK
(NOTE 6) / (@
> (@
> (@
1 e 3.50 REF 4;)7 3.45+0.10 7;
(4-SIDES) | —
> \ [
[ [« 345£010—> ]
‘ [
| 100 ﬂ 1000
|
! —»| |l<— 0200 REF lll<—025+005
—>| |«—0.50BSC

NOTE:
1. DRAWING PROPOSED TO BE A JEDEC PACKAGE OUTLINE
M0-220 VARIATION WHHD-(X) (TO BE APPROVED)
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.20mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION
ON THE TOP AND BOTTOM OF PACKAGE

(UH32) QFN 0406 REV D
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LTC3709

TYPICAL APPLICATION

Low Output Ripple, 2-Phase 12V/25A Supply

Css 0.1uF 1 N "10
1 RUN/SS  Vang Ed oF 261 17
CoinF ! 1 Ro20k N = 3
0-I ITH FCB I_R
30 on 2.86M Viu
VrB lon ® A
220pF 29 Regoop 100k e 2028 y
0—l TRACK  PGOOD ——WWV, DRVee N
— *fseno  Boostt [22 Dgj CMDSH-3 4
' B
| -
= 6 27 == Cg1 0.220F ‘JA—> I—I
—] SGND TG1 : . -| )
7 LTC3709 2% i
_— Vos SW1 — "
= X orrour senser P—g
Wyl WAL 24 o 100pF Cour
) —VW— —Vos®  SENSE1™ .I" 11(?\%;
10 93
100nF — extiee panpt f— | T el
33K 4 Pt I / .
0—| |—W. INTLPF BG1 —
470pF 12 21 I 10u
‘ | | p N DRV 35V %3
13 20
— BOOST2 BG2
=R 19 T Z1uF
0.22uF 162 PGND2 —
- - _ L2
e SHEE 100Q 3.5uH
16 17
SENSE2* Vg *— W\ -
D2 ¢ _I
1o|o;|3F ——™F  cMDSH-3 '|1<_¥M3 |_11\/|4
- L D2
B340A

M1-M4: RENESAS HAT2167
CouT: SANYO 16SVP180MX
L1, L2: SUMIDA CDEP147-3R5MC-H
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RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LTC1708 Fast 2-Phase Dual Output Step-Down Controller PLL, Viy up to 36V, Tracking

LTC1778 Wide Operating Range, No Rseyse Step-Down Controller Single Channel, GN16 Package

LTC3413 DDR, QDR Memory Termination Regulator +3A QOutput Current, 90% Efficiency

LTC3708 Fast, Dual No Rgensg, 2-Phase Synchronous Step-Down Controller Very Fast Transient Response; Very Low Duty Factor
Tracking; Minimum Cyy, Cout

LTC3728 Dual, 550kHz, 2-Phase Synchronous Step-Down Switching Regulator Fixed Frequency, Dual Output

LTC3729 550kHz, PolyPhase, High Efficiency, Synchronous Step-Down Fixed Frequency, Single Output, Up to 12-Phase

Switching Regulator Operation

LTC3730/LTC3731 | 3-Phase to 12-Phase Synchronous Step-Down Controllers 40A to 240A, 4.5V <V <32V, 0.6V < Vgour < 5V

LTC3732

LTC3778 Wide Operating Range, No Rggnse Step-Down Controller Single Channel, Separate Vgy Programming
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