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FEATURES DESCRIPTION
= Pin Compatible with the LTC1702 with Improved The LTC®1702A is a dual switching regulator controller
Current Limit Control optimized for high efficiency with low input voltages. It
= Two Sides Run Out-of-Phase to Minimize Cyy includes two complete, on-chip,independent switching regu-
= No External Current Sense Resistors lator controllers each designed to drive a pair of external N-
= Excellent Output Regulation: 1% Total Output channel MOSFETSs in a voltage mode feedback, synchronous
Accuracy buck configuration. The LTC1702A uses a constant-fre-
= Two Independent Controllers in One Package quency, true PWM design switching at 550kHz, minimizing
® All N-Channel External MOSFET Architecture external component size and cost and maximizing load
® 550kHz Switching Frequency Minimizes External transient performance. The synchronous buck architecture
Component Size automatically shifts to discontinuous and then to Burst
= 1A to 25A Qutput Current per Channel Mode® operation as the output load decreases, ensuring
® High Efficiency over Wide Load Current Range maximum efficiency over a wide range of load currents.
" Less Than 100uA Shutdown Current The LTC1702A features an onboard reference trimmed to
= Small 24-Pin Narrow SSOP Package 0.5% and can provide better than 1% regulation at the
converter outputs. Open-drainlogic outputs indicate whether
APPLICATIONS either output has risen to within 5% of the final output voltage
= Microprocessor, DSP Core and 1/0 Supplies and an optional latching FAULT mode protects the load if the
= Multiple Logic Supply Generator output rises 15% above the intended voltage. Each channel
m Distributed Power Applications can be enabled independently; with both channels disabled,
= High Efficiency Power Conversion the LTC1702A shuts down and supply current drops below
ALY LT,LTC and LTM are registered trademarks of Linear Technology Corporation. 1 OOIJA

Burst Mode is a registered trademark of Linear Technology Corporation. All other trademarks
are the property of their respective owners. Protected by U.S. Patents including 6144194,
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LTC1702A
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION
(Note 1)
Supply Voltage TOP VIEW
LT 7V Pvee [1] 24] Inaxe
BOOST /e 15V BOOST1 [2] 23] BOOST2
BOOST/I = SWIT oo 7V 861 [3] 22] Bo2
Input Voltage Tt [4 21] Te2
SWIT oo ~1V to 8V swi 5] 20] swe
All Other INPULS .o ~0.3V to Vgg + 0.3V s % % e
Peak Output Current < 10us s [5] ] FauLT
TG, BB e 5A RuNsst [3] 8] Ruiss?
Operating Temperature Range coupt [0 5] cowr?
LTCI702AC ..o 0°C to 70°C sGND [11 4] Fe2
LTC1702A1 ... —-40°C to 85°C F81 [12 73] Vg
Storage Temperature Range ................. -65°C to 150°C pTv———
Lead Temperature (Soldering, 10 sec).................. 300°C 24-LEAD NARROW PLASTIC SSOP
Tymax = 125°C, 644 = 100°C/ W
ORDER PART NUMBER
LTC1702ACGN
LTC1702AIGN
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.

ELECTRICAL CHARACTERISTICS

The e denotes specifications which apply over the full operating temperature range, otherwise specifications are Tp = 25°C.

Vicc = 5V unless otherwise specified. (Note 3)

SYMBOL | PARAMETER | CONDITIONS MIN  TYP  MAX | UNITS
Main Control Loop
Ve Ve Supply Voltage ) 7 v
PVge PVec Supply Voltage (Note 2) ° 7 v
BVge BOOST Pin Voltage VBoosT — Vsw (Note 2) ) 2.7 7 V
Ico Ve Supply Current Test Circuit 1, C_ = OpF ) 2.2 8 mA
RUN/SS1 = RUN/SS2 = 0V (Note 5) ° 30 100 pA
[PV PVgc Supply Current Test Circuit 1, C = OpF (Note 4) ) 2.2 6 mA
RUN/SS1 = RUN/SS2 = 0V (Note 5) [ 6 100 pA
l800sT BOOST Pin Current Test Gircuit 1, C_ = OpF (Note 4) ) 1.3 3 mA
RUN/SS1 = RUN/SS2 = 0V o 0.1 10 pA
Vig Feedback Voltage Test Gircuit 1, G| = OpF, LTC1702AC e | 0792 0.800 0.808 v
Test Circuit 1, C = OpF, LTC1702Al e | 0790 0800 0.810 Vv
AVrg Feedback Voltage Line Regulation Voo =3Vto 7V ) +0.005 +0.05 %/
Irp Feedback Current [ +0.001 +1 pA
AVout Output Voltage Load Regulation (Note 6) ) 0.1 +0.2 %
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LTC1702A

ELECTRICAL CHARACTERISTICS

The e denotes specifications which apply over the full operating temperature range, otherwise specifications are Tp = 25°C.
Ve = 5V unless otherwise specified. (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VEcs FCB Threshold e | 075 0.8 0.85 V
AVEc FCB Feedback Hysteresis 20 mV
IFcB FCB Pin Current o +0.001 +1 PA
VRun RUN/SS Pin RUN Threshold ® | 045 0.55 0.65 v
Iss Soft-Start Source Current RUN/SSn =0V -2 -35 -6 PA
Maximum Soft-Start Sink Current Vimax = 0V, Vg =-0.5V 1 mA
Imax Imax Source Current Vimax = 0V e | -12 -10 -8 pA
Switching Characteristics
fosc Oscillator Frequency Test Circuit 1, C_ = OpF ) 475 550 750 kHz
Dosco Converter 2 Oscillator Phase Relative to Converter 1 (Note 6) 180 DEG
DCwin Minimum Duty Cycle ) 0 %
DCiax Maximum Duty Cycle ) 87 90 93 %
tnov Driver Nonoverlap Test Circuit 1, C = 2000pF (Note 7) ) 40 100 ns
tr, i Driver Rise/Fall Time Test Circuit 1, C_ = 2000pF (Note 7) ) 12 80 ns
Feedback Amplifier
Avrg FB DC Gain ° 74 85 dB
GBW FB Gain Bandwidth 25 MHz
lERR FB Sink/Source Current ) +3 +10 mA
Status Outputs
VpgooD PGOQD Trip Point Vrg Relative to Regulated Voyr ® -10 -5 -2 %
VoLprg PGOOD Output Low Voltage PGOOD = 1mA o 0.03 0.1 v
IpgooD PGOOD Output Leakage ) +0.1 +1 PA
tpgooD PGOOD Delay Time Vg < Vpgoop to PGOOD Y. (Note 7) 100 us
VEauLT FAULT Trip Point Vg Relative to Regulated Voyr ) 10 15 20 %
VoLr FAULT Output Low Voltage [rauLT = TMA ) 0.03 0.1 V
[eauLT FAULT Output Current VeauLt = 0V -10 uA
trauLT FAULT Delay Time Vg > VeauLT to FAULT 4 (Note 7) 25 us

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: PV and BVg (Veoost — Vsw) must be greater than Vs o) of
the external MOSFETS used to ensure proper operation.

Note 3: All currents into device pins are positive; all currents out of device
pins are negative. All voltages are referenced to ground unless otherwise

specified.

Note 4: Supply current in normal operation is dominated by the current
needed to charge and discharge the external MOSFET gates. This current
will vary with supply voltage and the external MOSFETS used.

Note 5: Supply current in shutdown is dominated by external MOSFET

directly.

leakage and may be significantly higher than the quiescent current drawn
by the LTC1702A, especially at elevated temperature.

Note 6: This parameter is guaranteed by correlation and is not tested

Note 7: Rise and fall times are measured using 10% and 90% levels. Delay

and nonoverlap times are measured using 50% levels.
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TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1702A

PIN FUNCTIONS

PV¢c (Pin 1): Driver Power Supply Input. PVgg provides
power to the two BGn output drivers. PVgg must be
connected to a voltage high enough to fully turn on the
external MOSFETs QB1 and QB2. PV¢¢ should generally
be connected directly to Vjy. PVgg requires at least a 1uF
bypass capacitor directly to PGND.

BOOST1 (Pin 2): Controller 1 Top Gate Driver Supply. The
BOOST1 pin supplies power to the floating TG1 driver.
BOOST1 should be bypassed to SW1 with a 1uF capacitor.
An additional Schottky diode from V,y to BOOST1 pin will
create a complete floating charge-pumped supply at
BOOST1. No other external supplies are required. AbQ to
10Q resistorin series with this pin can help control ringing
at the switch node. See the EXTERNAL COMPONENTS
SELECTION/MOSFET Series Resistors section for more
information.

BG1 (Pin 3): Controller 1 Bottom Gate Drive. The BG1 pin
drives the gate of the bottom N-channel synchronous
switch MOSFET, QB1. BG1 is designed to drive up to
10,000pF of gate capacitance directly. If RUN/SS1 goes
low, BG1 will go low, turning off QB1. If FAULT mode is
tripped, BG1 will go high and stay high, keeping QB1 on
until the Vg is cycled. BG1 should be directly connected
to the MOSFET gate. Do not use a series resistor. See the
EXTERNAL COMPONENTS SELECTION/MOSFET Series
Resistors section for more information.

TG1 (Pin4): Controller 1 Top Gate Drive. The TG1 pindrives
the gate of the top N-channel MOSFET, QT1. The TG1 driver
draws power from the BOOST1 pinand returns to the SW1
pin, providing true floating drive to QT1. TG1 is designed to
drive up to 10,000pF of gate capacitance directly. In
shutdown or fault modes, TG1 will go low. TG1 should be
directly connected to the MOSFET gate. Do not use a series
resistor. See the EXTERNAL COMPONENTS SELECTION/
MOSFET Series Resistors section for more information.

SW1 (Pin5): Controller 1 Switching Node. SW1 should be
connected to the switching node of converter 1. The TG1
driver ground returns to SW1, providing floating gate
drive to the top N-channel MOSFET switch, QT1. The
voltage at SW1 is compared to Iyjaxq by the current limit
comparator while the bottom MOSFET, QB1, is on.

Imax1 (Pin 6): Controller 1 Gurrent Limit Set. The lyaxi
pin sets the current limit comparator threshold for

controller1. Ifthe voltage drop across the bottom MOSFET,
QB1, exceeds the magnitude of the voltage at lyax1,
controller 1 will go into current limit. The lyjaxq pin has an
internal 10pA current source pull-up, allowing the current
threshold to be set with a single external resistor to PGND.
See the Current Limit Programming section for more
information on choosing Rjyax.

PGOOD1 (Pin 7): Controller 1 Power Good. PGOOD1 isan
open-drain logic output. PGOOD1 will pull low whenever
FB1 falls 5% below its programmed value. When RUN/SS1
is low (side 1 shut down), PGOOD1 will go high.

FCB (Pin 8): Force Continuous Bar. The FCB pin forces
both converters to maintain continuous synchronous
operation regardless of load when the voltage at FCB
drops below 0.8V. FCB is normally tied to Vgg. To force
continuous operation, tie FCB to SGND. FCB can also be
connected to a feedback resistor divider froma secondary
winding on one converter’s inductor to generate a third
regulated output voltage. Do not leave FCB floating.

RUN/SS1 (Pin 9): Controller 1 Run/Soft-start. Pulling
RUN/SS1 to SGND will disable controller 1 and turn off
both of its external MOSFET switches. Pulling both
RUN/SS pins down will shut down the entire LTC1702A,
dropping the quiescent supply current below 100uA. A
capacitor from RUN/SS1 to SGND will control the turn-on
time and rate of rise of the controller 1 output voltage at
power-up. An internal 3.5uA current source pull-up at
RUN/SS1 pin sets the turn-on time at approximately
500ms/pF.

COMP1 (Pin 10): Controller 1 Loop Compensation. The
COMP1 pin is connected directly to the output of the first
controller’s error amplifier and the input to the PWM
comparator. An RC network is used at the COMP1 pin to
compensate the feedback loop for optimum transient
response.

SGND (Pin 11): Signal Ground. All internal low power
circuitry returns to the SGND pin. Connect to a low
impedance ground, separated from the PGND node. All
feedback, compensationand soft-start connections should
return to SGND. SGND and PGND should connect only at
asingle point, near the PGND pin and the negative plate of
the Cjy bypass capacitor.
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PIN FUNCTIONS

FB1 (Pin 12): Controller 1 Feedback Input. FB1 should be
connected through a resistor network to Voyry to set the
output voltage. The loop compensation network for con-
troller 1 also connects to FB1.

Ve (Pin 13): Power Supply Input. All internal circuits
except the output drivers are powered from this pin. Vg
should be connected to a low noise power supply voltage
between 3V and 7V and should be bypassed to SGND with
atleasta 1uF capacitorin close proximity tothe LTG1702A.

FB2 (Pin 14): Controller 2 Feedback Input. See FB1.

COMP2 (Pin 15): Controller 2 Loop Compensation. See
COMP1.

RUN/SS2 (Pin 16): Controller 2 Run/Soft-start. See RUN/
SS1.

FAULT (Pin 17): Output Overvoltage Fault (Latched). The
FAULT pin is an open-drain output with an internal 10pA
pull-up. If either regulated output voltage rises more than
15% above its programmed value for more than 25us, the
FAULT output will go high and the entire LTC1702A will be
disabled. When FAULT is high, both BG pins will go high,

turning on the bottom MOSFET switches and pulling down
the high output voltage. The LTC1702A will remain latched
in this state until the power is cycled. When FAULT mode
is active, the FAULT pin will be pulled up with an internal
10uA current source. Tying FAULT directly to PGND will
disable latched FAULT mode and will allow the LTC1702A
to resume normal operation when the overvoltage fault is
removed.

PGOOD2 (Pin18): Controller2 Power Good. See PGOOD1.

PGND (Pin 19): Power Ground. The BGn drivers return to
this pin. Connect PGND to a high current ground node in
close proximity to the sources of external MOSFETs, QB1
and QB2, and the V,y and Vgyt bypass capacitors.

SW2 (Pin 20): Controller 2 Switching Node. See SW1.
TG2 (Pin 21): Controller 2 Top Gate Drive. See TG1.
BG2 (Pin 22): Controller 2 Bottom Gate Drive. See BG1.

BOOST2 (Pin 23): Controller 2 Top Gate Driver Supply.
See BOOST1.

Imax2 (Pin 24): Controller 2 Current Limit Set. See Iyax1.
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APPLICATIONS INFORMATION
OVERVIEW

The LTC1702Ais a dual, step-down (buck), voltage mode
feedback switching regulator controller. It is designed to
be used in a synchronous switching architecture with two
external N-channel MOSFETSs per channel. Itis intended to
operate from a low voltage input supply (7V maximum)
and provide a high power, high efficiency, precisely regu-
lated output voltage. Several features make it particularly
suited for microprocessor supply regulation. Qutput regu-
lation is extremely tight, with DC line and load regulation
and initial accuracy better than 1%, and total regulation
including transient response inside of 3% with a properly
designed circuit. The 550kHz switching frequency allows
the use of physically small, low value external components
without compromising performance.

The LTC1702A’s internal feedback amplifier is a 25MHz
gain-bandwidth op amp, allowing the use of complex
multipole/zero compensation networks. This allows the
feedback loop to maintain acceptable phase margin at
higher frequencies than traditional switching regulator

controllersallow, improving stability and maximizing tran-
sient response. The 800mV internal reference allows
regulated output voltages as low as 800mV without exter-
nal level shifting amplifiers.

The LTC1702A’s synchronous switching logic transitions
automatically into Burst Mode operation, maximizing effi-
ciency with light loads. Onboard power-good and over-
voltage (OV) fault flags indicate when the output is in
regulation or an OV fault has occurred. The OV flag can be
set to latch the device off when an OV fault has occurred,
or to automatically resume operation when the fault is
removed.

The LTC1702A takes a low input voltage and generates
two lower output voltages at very high currents. Its
strengths are small size, unmatched regulation and tran-
sient response and high efficiency. This combination
makes it ideal for providing multiple low voltage logic
supplies to microprocessors or high density ASICs, in
systems using a “2-step” regulation architecture common
in portable and advanced desktop computers.
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APPLICATIONS INFORMATION

2-Step Conversion

“2-step” architectures use a primary regulator to convert
the input power source (batteries or AC line voltage) to an
intermediate supply voltage, often 5V. This intermediate
voltage is then converted to the low voltage, high current
supplies required by the system using a secondary regu-
lator—the LTC1702A. 2-step conversion eliminates the
need for a single converter that converts a high input
voltage to a very low output voltage, often an awkward
design challenge. It also fits naturally into systems that
continue to use the 5V supply to power portions of their
circuitry, or have excess 5V capacity available as newer
circuit designs shift the current load to lower voltage
supplies.

Each regulator in a typical 2-step system maintains a
relatively low step-down ratio (5:1 orless), running at high
efficiency while maintaining a reasonable duty cycle. In
contrast, a regulator taking a single step from a high input
voltage to a 1.xV or 2.xV output must run at a very narrow
duty cycle, mandating trade-offs in external component
values and compromising efficiency and transient
response. The efficiency loss can exceed that of using a
2-step solution (see the 2-Step Efficiency Calculation
section and Figure 14). Further complicating the calcula-
tion is the fact that many systems draw a significant
fraction of their total power off the intermediate 5V supply,
bypassing the low voltage supply. 2-step solutions using
the LTC1702A usually match or exceed the total system
efficiency of single-step solutions, and provide the addi-
tional benefits of improved transient response, reduced
PCB area and simplified power trace routing.

2-step regulation can buy advantages in thermal manage-
ment as well. Power dissipation in the LTC1702A portion
of a 2-step circuit is lower than it would be in a typical 1-
step converter, even in cases where the 1-step converter
has higher total efficiency than the 2-step system. In a
typical microprocessor core supply regulator, for ex-
ample, the regulator is usually located right next to the
CPU. Ina1-step design, all of the power dissipated by the
core regulator is right there next to the hot CPU, aggravat-
ing thermal management. In a 2-step LTC1702A design,
a significant percentage of the power lost in the core

regulation system happens in the 5V supply, which is
usually located away fromthe CPU. The power lost to heat
in the LTGC1702A section of the system is relatively low,
minimizing the added heat near the CPU.

See the Optimizing Performance section for a detailed
explanation of how to calculate system efficiency.

2-Phase Operation

The LTC1702A dual switching regulator controller also
features the considerable benefits of 2-phase operation.
Notebook computers, hand-held terminals and automo-
tive electronics all benefit from the lower input filtering
requirement, reduced electromagnetic interference (EMI)
and increased efficiency associated with 2-phase
operation.

Why the need for 2-phase operation? Up until the
LTG1702A, constant-frequency dual switching regulators
operated both channels in phase (i.e., single-phase opera-
tion). This means that both topside MOSFETSs 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 capacitor. These large amplitude current pulses
increased the total RMS current flowing from the input
capacitor, requiring the use of more expensive input
capacitorsand increasing both EMI and losses inthe input
capacitor and input power supply.

With2-phase operation, thetwo channels of the LTG1702A
are operated 180 degrees out of phase. This effectively
interleaves the current pulses coming from the switches,
greatly reducing the overlap time where they add together.
The result is a significant reduction in total RMS input
current, which in turn allows less expensive input capaci-
tors to be used, reduces shielding requirements for EMI
and improves real world operating efficiency.

Figure 7 shows example waveforms for a single switching
regulator channel versus a 2-phase LTG1702A system
with both sides switching. A single-phase dual regulator
with both sides operating would exhibit double the single
side numbers. Inthis example, 2-phase operation reduced
the RMS input current from 9.3Agus (2 x 4.66Agps) t0
4.8Arms. While this is an impressive reduction in itself,
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rememberthatthe power losses are proportional to lgys?,
meaning that the actual power wasted is reduced by a
factorof3.75. The reduced input ripple voltage also means
less power is lost in the input power path, which could
include batteries, switches, trace/connector resistances
and protection circuitry. Improvements in both conducted
and radiated EMI also directly accrue as a result of the
reduced RMS input current and voltage.

Small Footprint

The LTC1702A operates at a 550kHz switching frequency,
allowing it to use low value inductors without generating
excessive ripple currents. Because the inductor stores
less energy per cycle, the physical size of the inductor can
be reduced without risking core saturation, saving PCB
board space. The high operating frequency also means
less energy is stored in the output capacitors between
cycles, minimizing their required value and size. The
remaining components, including the 150mil SSOP-24
LTC1702A, are tiny, allowing an entire dual-output
LTC1702A circuit to be constructed in 1.5in? of PCB
space. Further, this space is generally located right next to
the microprocessor or in some similarly congested area,
where PGB real estate is at a premium. The fact that the
LTC1702A runs off the 5V supply, often available from a
power plane, is an added benefit in portable systems —it
does not require a dedicated supply line running from the
battery.

Fast Transient Response

The LTC1702A uses afast25MHz GBW op amp as an error
amplifier. This allows the compensation network to be
designed with several poles and zeros in a more flexible
configuration than with a typical g, feedback amplifier.
The high bandwidth of the amplifier, coupled with the high
switching frequency and the low values of the external
inductor and output capacitor, allow very high loop cross-
over frequencies. The low inductor value is the other half
of the equation—with a typical value on the order of 1uH,
the inductor allows very fast di/dt slew rates. The result is
superior transient response compared with conventional
solutions.

High Efficiency

The LTC1702A uses a synchronous step-down (buck)
architecture, with two external N-channel MOSFETs per
output. A floating topside driver and a simple external
charge pump provide full gate drive to the upper MOSFET.
The voltage mode feedback loop and MOSFET Vpg current
limit sensing remove the need for an external current
sense resistor, eliminating an external component and a
source of power loss in the high current path. Properly
designed circuits using low gate charge MOSFETs are
capable of efficiencies exceeding 90% over a wide range
of output voltages.

ARCHITECTURE DETAILS

The LTC1702A dual switching regulator controller in-
cludes two identical, independent regulator channels. The
two sides of the chip and their corresponding external
components act independently of each other with the
exception of the common input bypass capacitor and the
FCB and FAULT pins, which affect both channels. In the
following discussions, when a pin is referred to without
mentioning which side is involved, that discussion applies
equally to both sides.

Switching Architecture

Each half of the LTC1702A is designed to operate as a
synchronous buck converter (Figure 1). Each channel
includes two high power MOSFET gate drivers to control
external N-channel MOSFETs QT and QB. These drivers
have 0.5Q output impedances and can carry well over an

Vin
+
Cin
| T
TG QT —
LTC1702A iq _tea =
SW YYY \ 4 Vout
= ou
PGND BG —l QB iL
Cout
L 1 T

= 1702A FO1

Figure 1. Synchronous Buck Architecture
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amp of continuous current with peak currents up to 5A to
slew large MOSFET gates quickly. The external MOSFETs
are connected with the drain of QT attached to the input
supply and the source of QT at the switching node SW. QB
is the synchronous rectifier with its drain at SW and its
source at PGND. SW is connected to one end of the
inductor, with the otherend connected to Vqyt. The output
capacitor is connected from Vgyr to PGND.

When a switching cycle begins, QB is turned off and QT is
turned on. SW rises almost immediately to Vy and the
inductor current begins to increase. When the PWM pulse
finishes, QT turns off and one nonoverlap interval later, QB
turns on. Now SW drops to PGND and the inductor current
decreases. The cycle repeats with the next tick of the
master clock. The percentage of time spent in each mode
is controlled by the duty cycle of the PWM signal, which in
turn is controlled by the feedback amplifier. The master
clock generates a 1Vp_p, 550kHz sawtooth waveform and
turns QT once every 1.8us. In a typical application with a
SVinputanda1.6Voutput, the duty cycle will be setat 1.6/
5 x 100% or 32% by the feedback loop. This will give
roughly a 575ns on-time for QT and a 1.22us on-time for
QB.

This constant frequency operation brings with it a couple
of benefits. Inductor and capacitor values can be chosen
with a precise operating frequency in mind and the feed-

back loop components can be similarly tightly specified.
Noise generated by the circuit will always be in a known
frequency band with the 550kHz frequency designed to
leave the 455kHz IF band free of interference. Subharmonic
oscillation and slope compensation, common headaches
with constant frequency current mode switchers, are
absent in voltage mode designs like the LTG1702A.

During the time that QT is on, its source (the SW pin) is at
Vin- Vi is also the power supply for the LTC1702A. How-
ever, QT requires Viy + Vgs(on) at its gate to achieve
minimum Rgqy. This presents a problem for the
LTC1702A— it needs to generate a gate drive signal at TG
higher than its highest supply voltage. To get around this,
the TG driver runs from floating supplies, with its negative
supply attached to SW and its power supply at BOOST.
This allows it to slew up and down with the source of QT.
In combination with a simple external charge pump (Fig-
ure 2), this allows the LTC1702A to completely enhance
the gate of QT without requiring an additional, higher
supply voltage.

The two channels of the LTG1702A run from a common
clock, with the phasing chosen to be 180° from side 1 to
side 2. This has the effect of doubling the frequency of the
switching pulses seen by the input bypass capacitor, sig-
nificantly lowering the RMS current seen by the capacitor
and reducing the value required (see the 2-Phase section).

X

Vi
o l
+
PV ; DCP J_ C|N
cc  BOOST { T
NESE =
-—— = I- ar
i EXT
|_I Vout
BG +
-= 4' 0B T Cour
LTC1702A PGND

- 1702A F02

Figure 2. Floating TG Driver Supply
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Feedback Amplifier

Each side of the LTC1702A senses the output voltage at
Vout With an internal feedback op amp (see Block Dia-
gram). This is a real op amp with a low impedance output,
85dB open-loop gainand 25MHz gain-bandwidth product.
The positive input is connected internally to an 800mV
reference, while the negative input is connected to the FB
pin. The output is connected to COMP, which is in turn
connected to the soft-start circuitry and from there to the
PWM generator.

Unlike many regulators that use a resistor divider con-
nected to a highimpedance feedback input, the LTC1702A
is designed to use an inverting summing amplifier topol-
ogy with the FB pin configured as a virtual ground. This
allows flexibility in choosing pole and zero locations not
available with simple gy, configurations. In particular, it
allows the use of “type 3” compensation, which provides
a phase boost at the LC pole frequency and significantly
improves loop phase margin (see Figure 3). The Feedback
Loop/Compensation section contains a detailed explana-
tion of type 3 feedback loops.

PGOOD Flags

PGOOD is an open-drain output, allowing it to be wire-
ORed with other open-drain/open-collector signals. An
external pull-up resistor is required for PGOOD to swing
high. Any time the FB pin is more than 5% below the
programmed value for more than 100us, PGOOD will pull
low, indicating that the output is out of regulation. PGOOD
remains active during soft-start and current limit. The
100us delay ensures that short output transient glitches
that are successfully “caught” by the PGOOD comparator
don’t cause momentary glitches at the PGOOD pin.

When either side of the LTC1702A is in shutdown, its
associated PGOOD pin will go high. This behavior allows
avalid PGOOD reading when the two PGOOD pins are tied
together, even if one side is shut down. It also reduces
quiescent current by eliminating the excess current drawn
by the pull-up at the PGOQD pin. As soon as the RUN/SS
pin rises above the shutdown threshold and the side
comes out of shutdown, the PGOOD pin will pull low until
the output voltage is valid. If both sides are shut down at
the same time, both PGOOD pins will go high. To avoid
confusion, if either side of the LTC1702A is shut down, the
host system should ignore the associated PGOOD pin.

! C3

R3
FB | R1 |
A Vour

R

1702A FO3

Figure 3. “Type 3” Feedback Loop
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SHUTDOWN/SOFT-START

Each half of the LTC1702A has a RUN/SS pin. The RUN/SS
pins perform two functions: when pulled to ground, each
shuts down its half of the LTC1702A, and each acts as a
conventional soft-start pin, enforcing a maximum duty
cycle limit proportional to the voltage at RUN/SS. An
internal 3.5uA current source pull-up is connected to each
RUN/SS pin, allowing a soft-start ramp to be generated
with a single external capacitor to ground. The 3.5pA
current sources are active even when the LTC1702A is
shut down, ensuring the device will start when any exter-
nal pull-down at RUN/SS is released. Either side can be
shut down without affecting the operation of the other
side. If both sides are shut down at the same time, the
LTC1702A goes into a micropower sleep mode, and
quiescent current drops below 100uA. Entering sleep
mode also resets the FAULT latch, if it was set.

Each RUN/SS pin shuts down its half of the LTC1702A
when it falls below about 0.55V. The maximum duty cycle

limit increases linearly between 1V and 2V, reaching its
final value of 90% when RUN/SS is above 2V. Somewhere
before this point, the feedback amplifier will assume
control of the loop and the output will come into regula-
tion. (See Figure 4).

CURRENT LIMIT

The LTC1702A includes an onboard current limit that
engages when the maximum output current exceeds a
user-programmed level. It works by sensing the voltage
drop across QB during the time that QB is on and compar-
ing that voltage to a user-programmed voltage at lyax.
Since QB looks like a low value resistor during its on-time,
the voltage drop across it is proportional to the current
flowinginit. Inabuck converter, the average currentin the
inductor is equal to the output current. This current also
flows through QB during its on-time. Thus, by watching
the voltage across QB, the LTC1702A can monitor the
output current.

VRuNn/sS

ov

LTG1702A ENABLED

RUN/SS CONTROLS
DUTY CYCLE

[ e

COMP CONTROLS DUTY CYCLE

RUN/SS CONTROLS

DUTY CYCLE

. S S ————

START-UP

NORMAL OPERATION

CURRENT LIMIT

1702A FO4

Figure 4. Soft-Start Operation in Start-Up and Current Limit
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Any time QB is on and the current flowing to the output is
reasonably large, the SW node at the drain of QB will be
somewhat negative with respect to PGND. The LTC1702A
senses thisvoltage and inverts it to allow it to compare the
sensed voltage with a positive voltage at the Iyyax pin. The
Imax pin includes a trimmed 10pA pull-up, enabling the
userto setthe voltage at lyyax with a single resistor, Rjyax.
to ground. The LTGC1702A compares the two inputs and
limits the output current when the magnitude of the
negative voltage at the SW pin is greater than the voltage

at lyax-

The LTC1702A current limit detector connects to an inter-
nal circuit that discharges the soft-start capacitor quickly
if activated. The soft-start sink current depends on the
overdrive presented to the current limit detector. If the
regulator output is short circuited, the soft-start sink
current is typically TmA. With a soft-start capacitor less
than 0.01uF, the current-limit detector compensation is
slightly under damped. With an instantaneous short-
circuit, the current-limit detector fires and the soft-start
capacitor rapidly discharges to ground. Depending on the
current limit behavior of the regulator powering the
LTC1702A, current in the switch inductor of the shorted
output can exceed 100A before the soft-start capacitor is
discharged. This high input current surge also pulls down
the input voltage to the LTC1702A and all other circuits
connected to the LTC1702A input. After the soft-start
capacitor is discharged, the output is turned off and the
LTC1702Abegins anew soft-start cycle. Ifthe over current
condition persists, the current limit detector fires again
and the cycle repeats. With a soft-start capacitor greater
than 0.01uF, the current limit detector compensation is
slightly over damped. With an instantaneous short-circuit
condition, the soft-start capacitor is again quickly dis-
charged. However, the SS pin does not pull to ground but
only discharges until the current limit loop is in regulation.
Short-circuit currentis limited to the programmed current
limit level. In this scenario, the LTC1702A regulates in
current limit and does not rerun soft-start cycles. There-
fore, the user must balance the trade off between soft-start
time required for the system versus desired current limit
behavior. Consult the Current Limit Programming section
for more information.

Note that even brief overcurrent excursions will fire the
current limit circuit, quickly removing power to the load. If
the ability to withstand larger overcurrent surges without
tripping off is desired, consider using the pin-compatible
LTC1702, which provides this capability in exchange for
increased stress on the power MOSFETSs.

Power MOSFET Rpgon varies from MOSFET to MOSFET,
limiting the accuracy obtainable from the LTC1702A cur-
rentlimitloop. Additionally, ringing on the SW node due to
parasitics can add to the apparent current, causing the
loop to engage early. The LTC1702A current limit is
designed primarily as a disaster prevention, “no blow up”
circuit, and is not useful as a precision current regulator.
It should typically be set around 50% above the maximum
expected normal output current to prevent component
tolerances from encroaching onthe normal current range.
See the Current Limit Programming section for advice on
choosing a valve for Ryax.

DISCONTINUOUS/Burst Mode OPERATION
Theory of operation

The LTC1702A switching logic has three modes of opera-
tion. Under heavy loads, it operates as a fully synchro-
nous, continuous conduction switching regulator. In this
mode of operation (“continuous” mode), the currentin the
inductor flows inthe positive direction (toward the output)
during the entire switching cycle, constantly supplying
current to the load. In this mode, the synchronous switch
(QB) is on whenever QT is off, so the current always flows
through alow impedance switch, minimizing voltage drop
and power loss. This is the most efficient mode of opera-
tionat heavy loads, where the resistive losses in the power
devices are the dominant loss term.

Continuous mode works efficiently when the load current
is greater than half of the ripple current in the inductor. In
abuck converter like the LTC1702A, the average currentin
the inductor (averaged over one switching cycle) is equal
to the load current. The ripple current is the difference
between the maximum and the minimum current during a
switching cycle (see Figure 5a). The ripple current
depends on inductor value, clock frequency and output
voltage, but is constant regardless of load as long as the
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LTC1702A remains in continuous mode. See the Inductor
Selection section for a detailed description of ripple
current.

As the output load current decreases in continuous mode,
the average currentinthe inductor will reach a point where
it drops below half the ripple current. At this point, the
inductor current will reverse during a portion of the
switching cycle, or begin to flow from the output back to
the input. This does not adversely affect regulation, but
does cause additional losses as a portion of the inductor
current flows back and forth through the resistive power
switches, giving away a little more power each time and
lowering the efficiency. There are some benefits to allow-
ing this reverse current flow: the circuit will maintain
regulation even if the load current drops below zero (the
load supplies current to the LTC1702A) and the output
ripple voltage and frequency remain constant at all loads,
easing filtering requirements. Circuits that take advantage
of this behavior can force the LTG1702A to operate in
continuous mode at all loads by tying the FCB (Force
Continuous Bar) pin to ground.

Discontinuous Mode

To minimize the efficiency loss due to reverse current flow
atlight loads, the LTG1702A switches to a second mode of

IRIPPLE

— — |avERAGE

INDUCTOR CURRENT ——>

TI ME 1702A F05a

Figure 5a. Continuous Mode

IRIPPLE

N *A* — A ——— |AVERAGE

? TIME———>

INDUCTOR CURRENT —>

1702A FOSb

Figure 5h. Discontinuous Mode

operation: discontinuous mode (Figure 5b). Indiscontinu-
ous mode, the LTC1702A detects when the inductor
current approaches zero and turns off QB for the remain-
der of the switch cycle. During this time, the voltage at the
SW pin will float about Vqyt, the voltage across the
inductor will be zero, and the inductor current remains
zero until the next switching cycle begins and QT turns on
again. This prevents current from flowing backwards in
QB, eliminating that power loss term. It also reduces the
ripple current in the inductor as the output current ap-
proaches zero.

The LTC1702A detectsthattheinductor current has reached
zero by monitoring the voltage at the SW pin while QB is
on. Since QB acts like a resistor, SW should ideally be right
at0Vwhentheinductor current reaches zero. Inreality, the
SW node will ring to some degree immediately after it is
switched to ground by QB, causing some uncertainty as to
the actual moment the average current in QB goes to zero.
The LTC1702A minimizes this effect by ignoring the SW
node for a fixed 50ns after QB turns on when the ringing
is most severe, and by including a few millivolts offset in
the comparator that monitors the SW node. Despite these
precautions, some combinations of inductor and layout
parasitics can cause the LTG1702A to enter discontinuous
mode erratically. In many cases, the time that QB turns off
will correspond to a peak in the ringing waveform at the
SW pin (Figure 6). This erratic operation isn’t pretty, but
retains much of the efficiency benefit of discontinuous
mode and maintains regulation at all times.

DISCONTINUOUS
COMPARATOR
Vaw TURNS OFF BG

ov

5V|—

Vg
ov

TIME———> 1702AF06

Figure 6. Ringing at SW Causes Discontinuous
Comparator to Trip Early
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Burst Mode Operation

Discontinuous mode removes the resistive loss drop term
in QB, but the LTG1702A is still switching QT and QB on
and off once a cycle. Each time an external MOSFET is
turned on, the internal driver must charge its gate to V.
Each time it is turned off, that charge is lost to ground. At
the high switching frequencies that the LTG1702A oper-
ates at, the charge lost to the gates can add up to tens of
milliamps from V. As the load current continues to drop,
this quickly become the dominant power loss term, reduc-
ing efficiency once again.

Once again, the LTG1702A switches to a new mode to
minimize efficiency loss: Burst Mode operation. As the
circuit goes deeper and deeper into discontinuous mode,
the QB on-time reduces. When the load drops to the point
that the output begins to rise, the LTC1702A senses this
rise and shuts both QT and QB off completely, skipping
several switching cycles until the output falls back into
range. It then resumes switching in discontinuous mode
and the burst sequence repeats. The total deviation from
the regulated output is within the 1% regulation tolerance
of the LTC1702A.

In Burst Mode operation, both resistive loss and switching
loss are minimized while keeping the output in regulation.
As the load current falls to zero in Burst Mode operation,
the mostsignificantloss term becomes the 3mA quiescent
current drawn by each side of the LTC1702A—usually
much less than the minimum load current in a typical low
voltage logic system. Burst Mode operation maximizes
efficiency at low load currents, but can cause low fre-
quency ripple in the output voltage as the cycle-skipping
circuitry switches on and off.

FCB Pin

Insome circumstances, itis desirable to control or disable
discontinuous and Burst Mode operations. The FCB (Force
Continuous Bar) pin allows the user to do this. When the
FCB pin is high, the LTG1702A is allowed to enter discon-
tinuous and Burst Mode operations at either side as
required. If FCB is taken low, discontinuous and Burst
Mode operations are disabled and both sides of the
LTC1702A run in continuous mode regardless of load.

This does not affect output regulation but does reduce
efficiency at low output currents. The FCB pin threshold is
specified at 0.8V +£50mV, and includes 20mV of hyster-
esis, allowing it to be used as a precision small-signal
comparator.

Paralleling Outputs

Synchronous regulators (like the LTC1702A) are known
for their bullheadedness when their o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>