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"Bootstrap” Start Dual

Transistor Synchronous Forward Controller

FEATURES

High Voltage Operation up to 72V
Synchronizable Operating Frequency and Output
Switch Phase for Multiple Controller Systems

Synchronous Switch Qutput

Undervoltage Lockout Protection with 6V Hysteresis

for Self-Biased Power

Fixed Frequency Operation to 350kHz

Local 1% Voltage Reference

Input Overvoltage Protection

Low Start-Up Current

Programmable Start Inhibit for Power Supply

Sequencing and Protection
Optocoupler Support
Soft-Start Control

PPLICATIONS

= |solated Telecommunication Systems
Personal Computers and Peripherals
Distributed Power Step-Down Converters
Lead Acid Battery Backup Systems
Automotive and Heavy Equipment

DESCRIPTION IMay 2002

The LT®3781 controller simplifies the design of high
power synchronous dual transistor forward DG/DC con-
verters. The part employs fixed frequency current mode
control and supports both isolated and nonisolated to-
pologies. The IC drives external N-channel power MOSFETS
and operates with input voltages up to 72V.

The LT3781 is ideal for output derived power schemes,
through the use of a large undervoltage lockout hysteresis
range. The partis also equipped with an 18V power supply
pin regulator which prevents exceeding absolute maxi-
mum ratings while in trickle start applications.

The LT3781’s operating frequency is programmable and
can be synchronized up to 350kHz. Switch phase is also
controlled during synchronized operation to accommo-
date multiple-converter systems. Internal logic guaran-
tees 50% maximum duty cycle operation to prevent trans-
former saturation.

The LT3781 is available in a 20-lead SSOP package.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
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ABRSOLUTE MAXIMUM RATINGS
(Note 1)
Power Supply (Vgg)
Low Impedance Source Voltage ............. -0.3Vto 20V
Shutdown Mode:
(Supply Self-Regulates to 18V)

Maximum Input Current ..........cooevvevvvvrieennns 20mA
Topside SUPPIY (VBST) vererreerrrriereieieiseieeieieiseseeseieninns

VBstrer — 0.3V to Vstrer +20V (VBsT(max) = 90V)
Topside Reference Pin (VBSTREF) -..oveeveene -0.6Vto 75V
SHDN Pin Voltage ........cccoevvvvevevnnen -0.3Vto Ve + 0.3V
All Other Input Voltages.............. —-0.3V to 5VRgr + 0.3V
5VRer Pin SYNC Current ......c.ccevevevcicccciceicne, 10mA
FSET Pin Current ....c.ooovvvveeeccceece -2mA to 5mA
All Other Input Pin Currents..........ccccceveee. -2mA to 2mA

Operating Ambient Temperature Range ...—40°C to 85°C
Operating Junction

Temperature Range (Note 4) ................. -40°C to 125°C
Storage Temperature Range .................. -65°C to 150°C
Lead Temperature (Soldering, 10 S&C).................. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
son 1] L 3] Vet NUMBER
ouo 2] o] e LT3781EG

THERM [3] 18] BSTREF LT37811G
SGND [4] [17] ne
5Veer (5] 6] NC
FSET [6] [15] BG
svne [7] [14] PWRGND

ss [8] 13] Ve
Veg [9] 2] G
Ve [10] [11] SENSE
G PACKAGE
20-LEAD PLASTIC SSOP
Tymax = 125°C, 84 = 85°C/W

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

ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are Ty = 25°C.
Ve = Vst = 12V, Vgstrer = 0V, Vyg = 2V, Vg = Vger = 1.25V, Crg = Cpg = Csg = 1000pF.

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
Supply and Protection
Vecuvio | Undervoltage Lockout Threshold Falling Edge 8.0 8.4 8.6 v
Rising Edge 13 14.5 16 Y
Veeshon | Shutdown Mode Shunt Regulator 100pA < lygg < 10mA o 16.5 18 19.9 V
Ice DC Active Supply Current (Note 2) 17 22 mA
° 25 mA
DC Active UVLO Supply Current Vsnon = 1.35V, Vo = 8V . 800 1200 pA
DC Standby Supply Current Vsppn < 0.3V o 16 30 PA
VgsT DC Active Supply Current TG Logic High (Note 2) o 5.0 8.5 mA
DC Standby Supply Current Vsmon < 0.3V 0.1 PA
Vsron Shutdown Rising Threshold o 115 1.25 1.35 Y
Shutdown Threshold Hysteresis 100 150 200 mV
Iss Soft-Start Charge Current Vgg =2V . -14 -10 -6 A
Vss Soft-Start Reset Threshold 225 mV
VgstuvLo | Boost Undervoltage Lockout Falling Edge 5.7 6.4 7.1 v
(VgsT-BSTREF) Rising Edge 6.5 7.0 75 v
Boost UVLO Hysteresis o 0.3 0.6 v
5V External Reference
Vsvrer | 5V Reference Voltage 0 < (Isyrer — Ivg) < 20mA 4.85 5.0 5.10 v
o 4.80 5.15 v
Isvrersc | Short-Circuit Current Source, lyg=0 o 20 45 mA
Rsvrer | Output Impedance 0 < (Isyrer — lvg) < 20mA 1 Q
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ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are Ty = 25°C.
Ve = Vast = 12V, Vgstrer = OV, Vyg = 2V, Vrs = OV, Vgp = Vggr = 1.25V, Cyg = Cpg = Csg = 1000pF.

SYMBOL | PARAMETER | CONDITIONS | MmN TYP mMAX | UNITS
Error Amp
Vig Error Amplifier Reference Voltage Measured at Feedback Pin 1.242 1.250 1.258 v
1.225 1.265 v
Irg Feedback Input Current Vig = VRer -50 nA
Ay Error Amplifier Voltage Gain 72 aB
lve Error Amplifier Current Limit Source 10 25 mA
Sink 05 1 mA
Ve Zero Gurrent Output Voltage 1.4 Y
Maximum Output Voltage 3.2 V
GBW Gain Bandwidth Product (Note 3) 1 MHz
Current Sense
Ay Amplifier DC Gain 12 VN
ISENSE Input Bias Current -275 PA
Vsense | Current Limit Threshold Measured at SENSE Pin 135 150 165 mV
130 170 mV
tp Current Sense to Switch Delay 175 ns
tvin Switch Minimum On Time Measured at BG Output 250 ns
THERM and OVLO Fault Detectors
Vruerw/ | Threshold (Rising Edge) 1.2 1.25 1.3 V
VovLo Threshold Hysteresis 20 40 60 mV
tp Fault Delay to Output Disable >50mV Overdrive 650 ns
Oscillator and Synchronization Decoder
fosc Oscillator Frequency, Free Run Measured at Fggr Pin 700 kHz
Frequency Programming Error fosc < 500kHz (Note 3) -10 5 %
lFsET FSET Input Bias Current Fset Charging, Veger = 2V 50 nA
Vsyne SYNC Logic High Input Threshold Positive-Going Edge 1.4 2 \
SYNC Logic Low Input Threshold Negative-Going Edge 0.8 14 V
fsyne SYNC Frequency fosc/2 350 kHz
th L Maximum SYNC Pulse Width fosc = Oscillator Free-Run Frequency 1/fosc S
(Logic High or Logic Low)
Output Drivers
Vg TG On Voltage 11 11.5 Y
TG Off Voltage 0.1 0.5 v
tram TG Rise/Fall Time 10% to 90%/90% to 10% 35 ns
Vig BG On Voltage 11 11.5 12 Y
BG Off Voltage 0.1 0.5 v
tRgr/f BG Rise/Fall Time 10% t0 90%/90% to 10% 35 ns
Vsg SG On Voltage 11 115 12 v
SG Off Voltage 0.1 0.5 v
tsqr SG Rise/Fall Time 10% to 90%/90% to 10% 35 ns
tsg-Bg SG to BG Enable Lag Time 4V On/Off Thresholds 80 150 300 ns
t16-BG TG to BG Enable Lag Time 4V On/Off Thresholds 100 ns
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ELECTRICAL CHARACTERISTICS

Note 1: Absolute Maximum Ratings are those values beyond which the life

of a device may be impaired.

Note 2: Supply current specification does not include external FET gate
charge currents. Actual supply currents will be higher and vary with
operating frequency, operating voltages, and the type of external switch

elements used. See Applications Information.

Note 3: Guaranteed but not tested.
Note 4: The LT3781E 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. For guaranteed performance to
specifications over the —40°C to 85°C operating ambient temperature

range, the LT37811 is available.

TYPICAL PERFORMANCE CHARACTERISTICS

Shutdown Mode: Vg vs Ige
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Shutdown Mode: V¢ vs
Temperature (Icc = TmA)
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TYPICAL PERFORMANCE CHARACTERISTICS

Igst Boost Supply Current
vs Temperature
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5VRer Voltage vs Temperature
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V¢ Pin Short-Circuit Current Limit

vs Temperature
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Error Amp Reference
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TYPICAL PERFORMANCE CHARACTERISTICS

Soft-Start Output Current
vs Soft-Start Pin Voltage
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Current Sense Amplifier
Bandwidth vs Temperature

N

CURRENT SENSE AMP BANDWIDTH (MHz)

2
-55-35 -15 5 25 45 65 85 105 125
TEMPERATURE (°C)

3781 G14

PIN FUNCTIONS

SHDN (Pin 1): Shutdown Pin. Pin voltages exceeding
positive going threshold of 1.25V enables the LT3781.
150mV of input hysteresis resists mode switching insta-
bility.

The SHDN pincan be controlled by eitheralogic levelinput
orwith an analog signal. This shutdown feature is typically
used for input supply undervoltage protection. A resistor
divider from the converter input supply to the SHDN pin
monitors that supply for control of system power-up
sequencing, etc.

An 18V clamp on the Vg pinis enabled during shutdown
mode, preventingatrickle start circuitfrom pulling that pin
above maximum operational levels. All other internal
functions are disabled during shutdown.

OVLO (Pin 2): Overvoltage Shutdown Sense. Typically
connected to input supply through a resistor divider. If pin
voltage exceeds 1.25V, LT3781 switching function is
disabled to protect boosted circuitry from exceeding ab-
solute maximum voltage. 40mV of input hysteresis resists
mode switching instability. Exceeding the OVLO threshold
also triggers soft-start reset, resulting ina graceful recov-
ery from an input transient event.

THERM (Pin 3): System Thermal Shutdown. Auxiliary
shutdown pin that is typically used for system thermal
protection. If pin voltage exceeds 1.25V, LT3781
switching function is disabled. 40mV of input hysteresis
resists mode switching instability. Exceeding the THERM
threshold also triggers soft-start reset, resulting in a
graceful recovery.

SGND (Pin 4): Signal Ground Reference. Careful board
layout techniques must be used to prevent corruption of
signal ground reference. High-current switching paths
must be oriented on the converter ground plane such that
currents to/from the switches do not affect the integrity of
the LT3781 signal ground reference.

5VRer (Pin 5): 5V Local Reference. Allows connection of
external loads up to 20mA DC. Typically bypassed with
1uF ceramic capacitor to SGND. Reference output is
current limit protected to a typical value of 45mA. If the
load on the 5V reference exceeds the current limit value,
LT3781 switching function is disabled and the soft-start
function is reset.

FSET (Pin 6): Oscillator Timing Pin. Connect a resistor
(Rrset) from the 5VRgr pin to this pin and a capacitor
(CEser) from this pin to ground.

3781i
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PIN FUNCTIONS

The LT3781 oscillator operates by monitoring the voltage
on Ceserasitis charged via Resgr. Whenthe voltage onthe
FSET pin reaches 2.5V, the oscillator rapidly discharges
the capacitor with an average current of about 0.8mA.
Once the voltage on the pin is reduced to 1.5V, the pin
becomes high-impedance and the charging cycle repeats.
The oscillator operates at twice the switching frequency of
the controller.

Oscillator frequency fpgc can be approximated by the
relation:

— -1

fosc D@3-5‘10_6 +Crser éLgET + %010‘4 v 2 H
B

Reser (1

SYNC (Pin 7): Oscillator Synchronization Input Pin with
TTL-Level Compatible Input. The SYNC input signal (at the
desired synchronized operating frequency) controls both
the internal oscillator (running at twice the SYNC fre-
quency) and the output switch phase. If synchronization
function is not desired, this pin may be floated or shorted
to ground.

The LT3781 internal oscillator drives atoggle flip-flop that
assures a <50% duty-cycle condition during oscillator
free-run. The oscillator, therefore, runs at twice the oper-
ating frequency of the controller. The SYNC input decoder
incorporates a frequency doubling circuit for oscillator
synchronization, resetting the internal oscillator on both
the rising and falling edges of the input signal.

The SYNC input decoder also differentiates transition
phase and forces the toggle flip-flop to phase-lock with the
SYNC input. A transition to logic high on the SYNC input
signal corresponds to the initiation of a new switching
cycle (primary switches turning on pending current con-
trol) and a transition to logic low forces a primary switch
off state. As such, the maximum operating duty cycle is
equalto the duty cycle of the SYNC signal. The SYNC input
can therefore be used to reduce the maximum duty cycle
of the controller by reducing the duty cycle of the SYNC
input.

SS (Pin 8): Soft-Start. Connect a capacitor (Cgg) from this
pin to ground.

The output voltage of the LT3781 error amplifier corre-
sponds to the peak current sense amplifier output de-
tected before resetting the switch outputs. The soft-start
circuit forces the error amplifier output to a zero sense
current for start-up. A 10pA current is forced from this pin
onto an external capacitor. As the SS pin voltage ramps up,
so does the LT3781 internally sensed current limit. This
effectively forces the internal current limit to ramp from
zero, allowing overall converter current to slowly increase
until normal output regulation is achieved. This function
reduces output overshoot on converter start-up. The soft-
start functions incorporate a 1Vgg “dead zone” such that
a zero-current condition is maintained on the V¢ pin until
the SS pin rises to 1Vgg above ground.

The SS pin voltage is reset to start-up condition during
shutdown, undervoltage lockout, and overvoltage or
overcurrent events, yielding a graceful converter output
recovery from these events.

Veg (Pin 9): Error Amplifier Inverting Input. Typically
connected to a resistor divider from the output and com-
pensation components to the V¢ pin.

The Vgg pinis the converter output voltage feedback node.
Input bias current of ~50nA forces pin high in the event of
an open feedback path condition. The error amplifier is
internally referenced to 1.25V.

Values for the Vgy to Vrg feedback resistor (RFB1) and
the Vg to ground resistor (RFB2) can be calculated to
program converter output voltage (Voyr) via the following
relation:

Vur = 1.25 « (RFB1 + RFB2)/RFB2

Ve (Pin 10): Error Amplifier Output. The LT3781 error
amplifier is a low impedance output inverting gain stage.
The amplifier has ample current source capability to allow
easy integration of isolation optocouplers that require bias
currents up to 10mA. External DC loading of the V¢ pin
reduces the external current sourcing capacity of the
S5VRee pin by the same amount as the load on the V¢ pin.
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PIN FUNCTIONS

The erroramplifier is typically configured using a feedback
RC network to realize an integrator circuit. This circuit
creates the dominant pole for the converter regulation
feedback loop. Integrator characteristics are dominated
by the value of the capacitor connected from the V¢ pinto
the Vg pin and the feedback resistor connected to the Vg
pin. Specific integrator characteristics can be configured
to optimize transient response.

The error amplifier can also be configured as a
transimpedance amplifier for use in secondary-side con-
troller applications. (See the Applications Information
section for configuration and compensation details)

SENSE (Pin 11): Current Sense Amplifier (CSA)
Noninverting Input. Current is monitored via a ground
referenced current sense resistor, typically in series with
the source of the bottom side switch FET. Internal current
limit circuitry provides for a maximum peak value of
150mV across the sense resistor during normal opera-
tion.

SG (Pin 12): Synchronous Switch Output Driver. This pin
can be connected directly to gate of synchronous switch
if small FETs are used (Cgate < 5000pF), however, the use
of a gate drive buffer is recommended for peak efficien-
cies.

The SG pin output is synchronized and out-of-phase with
the BG output. The control timing of the SG output cause
it to “lead” the primary switch path during turn-on by
150nS.

Ve (Pin13): IC Local Power Supply Input. Bypass with at
a capacitor at least 10 times greater than C5Vggr. LT3781
incorporates undervoltage lockout that disables switching
functions if Vg is below 8.4V. The LT3781 supports
operational Vg power supply voltages from 9V to 18V
(20V absolute maximum). An 18V clamp on the Vg pinis
enabled during shutdown mode, preventing a trickle start
circuit from pulling that pin above maximum operational
levels during IC shutdown.

PWRGND (Pin 14): Output Driver Ground Reference.
Connect through low impedance trace to Vjy decoupling
capacitor.

BG (Pin 15): Bottom Side Primary Switch/Forward Switch
Output Driver. This pin can be connected directly to
gate(s) of primary bottom side and forward switches if
small FETs are used (CgaE total < 5000pF), however, the
use of a gate drive buffer is recommended for peak
efficiencies.

The BG output is enabled at the start of each oscillator
cycle in phase with the TG pin but is timed to “lag” the TG
output during turn-on and “lead” the TG output during
turn-off. These delays force the concentration of transi-
tional losses onto the bottom side primary switch.

An adaptive blanking circuit disables the current sense
function (via the SENSE pin) while the BG pin is below 5V.

BSTREF (Pin 18): VgsT Supply Reference. Typically con-
nects to source of topside external power FET switch.

TG (Pin 19): Topside (Boosted) Primary Output Driver.
This pin can be connected directly to gate of primary
topside switch if small FETs are used (Cgate < 5000pF),
however, the use of a gate drive bufferis recommended for
peak efficiencies.

Vgst (Pin 20): Topside Primary Driver Bootstrapped Sup-
ply. This “boosted” supply rail is referenced to the BSTREF
pin.

Supply voltage is maintained by a bootstrap capacitor tied
fromthe Vggt pintothe boosted supply reference (BSTREF)
pin. The charge on the capacitor is refreshed each switch
cycle through a Schottky diode connected from the Vg
supply (cathode) to the Vggt pin (anode). The bootstrap
capacitor (Cggost) must be at least 100 times greater than
the total load capacitance on the TG pin. A capacitor in the
range of 0.1pF to 1.0pF is generally adequate for most
applications. The bootstrap diode must have a reverse
breakdown voltage greater than the converter V. The
LT3781 supports operational Vggt supply voltages up to
90V (absolute maximum) referenced to ground.
Undervoltage Lockout disables the topside switch until
Vst — BSTREF > 7.0V for start-up protection of the
topside switch.
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BLOCK DIRGRAM
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APPLICATIONS INFORMATION

Overview

The LT3781 is a high voltage, high current synchronous
regulator controller, optimized for use with dual transistor
forward topologies. The IC uses a constant frequency,
current mode architecture, with internal logic that pre-
vents operation over 50% duty cycle. A unique synchroni-
zation scheme allows the system clock to be synchronized
up to an operational frequency of 350kHz, along with
phase control for easy integration of multicontroller sys-
tems. A local precision 5V supply rail is available for
external support circuitry and can be loaded up to 20maA.

Internal fault detection circuitry disables switching when
a variety of system faults are detected such as: input
supply overvoltage or undervoltage faults, excessive sys-
temtemperature, andlocal supply overcurrent conditions.
The LT3781 has a current-limit soft-start feature, which
gradually increases the current drive capability of a con-
verter system to yield a smooth start-up with minimal
overshoot. The soft-start circuitry is also used for smooth
recoveries from system fault conditions.

External FET switches are employed for the switch ele-
ments, and hearty switch drivers allow implementation of
high current designs. An adaptive blanking scheme built
into the LT3781 allows for correct current-sense blanking
regardless of switch size. The LT3781 employs a voltage
output error amplifier, providing superior integrator lin-
earity and allowing easy high bandwidth integration of
optocoupler feedback for fully isolated solutions.

Theory of Operation (See Block Diagram)

The LT3781 senses the output voltage of its associated
converter via the Vgg pin. The difference between the
voltage on this pin and an internal 1.25V reference is
amplified to generate an error voltage on the V¢ pin, which
is used as a threshold for the current sense comparator.
The current sense comparator gets its information from
the SENSE pin, which monitors the voltage drop across an
external current sense resistor. When the detected switch
current increases to the level corresponding to the error
voltage on the V¢ pin, the switches are disabled until the
next switch cycle.

During normal operation, the LT3781 internal oscillator
runs at twice the switching frequency. The oscillator
output toggles a T flip-flop, generating a 50% duty cycle
pulse that is used internally as the system clock for the IC.
When the output of this flip-flop transitions high, the
primary switches are enabled. The primary side switches
stay enabled untilthe transformer primary current, sensed
via the SENSE pin connected to a ground-referenced
resistor in series with the bottom side switch FET, is
sufficienttotrip the current sense comparatorand, inturn,
reset the RS latch. When the RS latch resets, the primary
switches are disabled and the synchronous switch is
enabled. The adaptive blanking circuit senses the bottom
side gate voltage and prevents current sensing until the
FET is fully enabled, preventing false triggering due to a
turn-ontransition glitch. If the current comparator thresh-
old is not obtained when the flip-flop output transitions
low, the RS latch is bypassed and the primary switches are
disabled until the next flip-flop output transition, forcing a
maximum switch duty cycle less than 50%.

System Fault Detection-The General Fault Condition
(GFC)

The LT3781 contains circuitry for detecting internal and
system faults. Detection of a fault triggers a “general fault
condition”, or GFC. When a GFC is detected, the LT3781
disables switching and discharges the soft-start capaci-
tor. When the GFC subsides, the LT3781 initiates a start-
up cycle via the soft-start circuitry to assure a graceful
recovery. Recovery from a GFC is gated by the soft-start
capacitor discharge. The capacitor must be discharged to
athreshold of 225mV before the GFC can be concluded. As
the zero output current threshold of the SS pin is typically
a transistor Vgg, or 0.7V, latching the GFC until a 225mV
threshold is achieved assures a zero output current state
in the event of a short-duration fault. A GFC is also
triggered during system state change event, such as
entering shutdown mode, to prevent any mode transition
abnormalities.

3781i




L13781

APPLICATIONS INFORMATION

Events that trigger a GFC are:
a) Exceeding the current limit of the 5VRrgg pin
b) Detecting an undervoltage condition on Vg
¢) Detecting an undervoltage condition on 5VRgr
d) Pulling the SHDN pin below the shutdown threshold

e) Exceeding the 1.25V fault detector threshold on
either the OVLO or THERM pins

OVLO and THERM pins is used to directly trigger a GFC. If
either of these pins are not used, they can be disabled by
connecting the pin to ground. The intention of the OVLO
pinistoallow the monitoring of the input supply to protect
froman overvoltage condition though the use of a resistor
divider from the input supply. Monitoring of system tem-
perature (THERM) is possible through use of a resistor
divider using a thermistor as a divider component. The
5VRer pin can provide the precision supply required for
these applications. When these fault detection circuits are
disabled during shutdown or V¢ pin UVLO conditions, a
reduction in OVLO and THERM pin input impedance to
ground willoccur. To preventexcessive pininputcurrents,
low impedance pull-up devices must not be used on these
pins.

)
)
)
)

Undervoltage Lockout

The LT3781 maintains a low current operational mode
when an undervoltage condition is detected on the Ve
supply pin, or when Vg is below the undervoltage lockout
(UVLO) threshold. During a UVLO condition on the Vg
pin, the LT3781 disables all internal functions with the
exception of the shutdown and UVLO circuitry. The exter-
nal SVrer supply is also disabled during this condition.
Disabling of all switching control circuity reduces the
LT3781 supply current to <1mA, making for efficient
integration of trickle charging in systems that employ
output feedback supply generation.

The function of the high side switch output (TG) is also
gated by UVLO circuitry monitoring the bootstrap supply
(VgsT—BSTREF). Switching of the TG pin is disabled until

the voltage across the bootstrap supply is greater than
7.4V This helps prevent the possibility of forcing the high
side switch into a linear operational region, potentially
causing excessive power dissipation due to inadequate
gate drive during start-up.

Error Amplifer Configurations

The converter output voltage information is fed back to the
LT3781 onto the Vg pin where it is transformed into an
output current control voltage by the error amplifier. The
erroramplifier is generally configured as an integrator and
is used to create the dominant pole for the main converter
feedback loop. The LT3781 error amplifier is a true high
gain voltage amplifier. The amplifier noninverting input is
internally referenced to 1.25V; the inverting input is the
Veg pin and the output is the Vg pin. Because both low
frequency gain and integrator frequency characteristics
can be controlled with external components, this amplifier
allows far greater flexibility and precision compared with
use of a transconductance error amplifier.

In a nonisolated converter configuration where a resistor
divideris used to program the desired output voltage, the
error amplifier can be configured as a simple active
integrator, forming the system dominant pole ( Figure 1).
Placing a capacitor Cgrp from the Vg pin to the Vg pin will
setthe single-pole crossover frequency at (2rRrgCrrp) .
Additional poles and zeros can be added by increasing the
complexity of the RC network.

Vout

Rrs

1.25V

L
LT3781 =

3781 Fo1

Figure 1. Nonisolated Error Amp Configuration
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Another common error amplifier configuration is for
optocoupler use in fully isolated converters with second-
ary side control (Figure 2). In such a system, the dominant
pole for the feedback loop is created at the secondary side
controller, sothe erroramplifier needs only totranslate the
optocoupler information. The bandwidths of the
optocoupler and amplifier should be as high as possible to
simplify system compensation. This high bandwidth
operation is accomplished by using the error amplifier as
atransimpedance amplifier, with the optocoupler transis-
tor emitter providing feedback information directly into
the Vg pin. A resistor from Vg to ground provides the DC
bias condition for the optocoupler. Connecting the
optocoupler transistor collector to the local 5VRgr supply
reduces Miller capacitance effects and maximizes the
bandwidth of the optocoupler. Also, higher optocoupler
current means higher bandwidth, and the 5Vrgr supply
can provide collector currents up to 10mA.

1.25V

I

LT3781

3781 F01

Figure 2. Optocoupler High-BW Configuration

Oscillator Frequency Programming and
Synchronization

The LT3781 internal oscillator runs at twice the system
switching frequency. The oscillator output toggles a T
flip-flop, generating a 50% duty cycle pulse that is used

internally as the system clock for the IC. Free-run
frequency for the internal oscillator is programmed via an
RC timing network connected to the FSET pin. A pull-up
resistor Rrset, connected from the 5Vggr pin to FSET,
provides current to charge a timing capacitor Cgggy con-
nected from the FSETpin to ground. The oscillator oper-
ates by allowing Rrggr to charge Crger up to 2.5V at which
point Reseris pulled backtoward ground by a2.5K resistor
internal to the LT3781. When the voltage across Cgser is
pulled down to 1.5V, the FSET pin becomes high imped-
ance, once again allowing Rrsgt to charge Crger.

Figure 3isaplot of oscillator frequency vs Crspr and Reser
is shown below. Typical values for 300kHz operation
(150kHz system frequency) are Crger = 150pF and
ReseT = 91kQ.

600 —
N\
550 N
£ 500 \ ‘\
& WO N\ 100pF
Z 400 N1\ N
3 NERN
& 350 AN N
[a'd N
300
= N N 20007
2 o0 L NF0F N ™
o N \\ \\
150
\

100

20 30 40 50 60 70 80 90 100
TIMING RESISTOR (kQ)

3781 F03

Figure 3. Oscillator Frequency vs. Timing Components

Due the relatively fast fall time of the oscillator waveform,
the FSET pinis held atits 1.5V threshold by an internal low
impedance clamp to reduce undershoot error. As a result,
if this pin is externally forced low for any reason, external
current limiting is required to prevent damage to the
LT3781. Continuous source current from the FSET pin
should notexceed 1mA. Putting a 2k resistorin series with
any low impedance pull-down device will assure proper
function and protect the IC from damage.
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Oscillator Synchronization

Synchronization of the LT3781 system clock is accom-
plished by driving a TTL level logic pulse train at the
desired system switching frequency into the SYNC pin. In
orderto assure proper synchronization, each phase of the
synchronization signal must be less than an oscillator
free-run cycle.

The SYNC input pulse controls the phasing as well as the
frequency of controller switching. The SYNC circuit func-
tions by forcing the phase of the oscillator output flip-flop
to match the phase of the SYNC pulse and prematurely
ending the oscillator charge cycle on each transition edge.
At the SYNC logic low-to-high transition, the LT3781
starts a switch-on cycle and the minimum switch-off
period is forced during the SYNC logic low period. Be-
cause the SYNC logic low period corresponds directly to
the minimum off time, the converter maximum duty cycle
can be forced using the SYNC input. For example, a 30%
duty cycle SYNC pulse forces 30% maximum duty cycle
operation for the converter. Because the logic-low pulse
width exceeds the logic-high pulse width in < 50% duty
cycle operation, the oscillator free-run cycle time must be
programmed to exceed the logic-low duration.

2.5V
. /\/\/\/\/\/\/\
1.5V

SYNC

SYSTEM
CLOCK
(INTERNAL)

3781 F04

Figure 4. Oscillator/SYNC Waveforms

Itis also possible to runthe LT3781 ina SYNC-only mode
by disabling the oscillator completely. Connecting a resis-
tor divider from the 5VRgr pin to the FSET pin forcing a
voltage within the charge range of 1.5V-2.5V will allow the
oscillator to follow the SYNC input exclusively with no
provision for free-run. Setting values to force a voltage as
close to 2V as possible is recommended.

I 3781 F05

Figure 5. Oscillator Connection for SYNC-Only Mode Operation

Bootstrap Start

It is inefficient as well as impractical to power a controller
IC from a high-voltage input supply. Using a linear
preregulation scheme to provide the required Vg voltage
for the LT3781 would waste significant power, reducing
converterefficiencies and creating additional thermal con-
cerns. Self-biased power schemes take advantage of
inherent converter efficiencies to significantly reduce losses
associated with powering the controller. Bootstrapped
power can be derived using auxiliary windings on the
powertransformer orinductor, rectified taps on switching
nodes, or the converter output directly.

Start-up circuitry built into the LT3781 allows V¢¢ to
increase from 0V to 14.5V before the converter is enabled.
During this time, start-up current is less than 1mA. The
trickle current required for charging the Vg supply is
typically generated with a resistor from the converter high
voltage input. When combined with the Vg bypass ca-
pacitor, the current through the start-up resistor creates a
voltage ramp on Vg whose slope governs the turn-on
time of the converter. The low quiescent current of the
LT3781 allows the input voltage to be trickled up with
minimal power dissipation in the start-up resistor. At
Ve = 14.5V, the LT3781 internal circuitry is enabled and
switching begins. If enough bootstrap power is fed back
into Vo to keep that supply voltage above 8.4V, then
switching continues and a bootstrap start is accom-
plished. Ifthe input voltage drops below 8.4V, the LT3781
is disabled and the switching regulator returns to the
start-up low current state.
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Shutdown

The LT3781 SHDN pin will support TTL and CMOS logic
signals and also analog inputs. The SHDN pin turn-on
(rising) threshold is 1.25V with 150mV of hysteresis. A
common use of the SHDN pin is for under voltage detec-
tion on the input supply. Driving the SHDN pin with a
resistor-divider connected fromthe input supplytoground
will prevent switching until the desired input supply volt-
age is achieved.

An 18V clamp on the V¢ pinis enabled during shutdown
mode, preventingatrickle start circuitfrom pulling that pin
above maximum operational levels.

The LT3781 enters an ultralow current shutdown mode
when the SHDN pin is below 350mV. During this mode,
total supply currentdrops toatypical value of 16pA. When
SHDN rises above 350mV, the IC will draw increasing
amounts of supply current until just before the 1.25V
turn-on threshold is achieved, when the supply current
reaches 75pA.

The shutdown function can be disabled by connecting the
SHDN pin to Vgc. This pin is internally clamped to 2.5V
through a 20k series input resistance and can therefore
drawalmost TmAwhentied directly tothe Vg supply. This
additional current can be minimized by making the con-
nection through an external series resistor (100k is typi-
cally used).

Soft-Start

The LT3781 current control pin (V) limits sensed current
to zero at voltage less than 1.4V through full current limit
at Vg = 3.2V, yielding 1.8V over the full regulation range.
Thevoltage onthe V¢ pinisinternally forced to be less than
or equal to SS + 0.7V. As such, the SS pin has a “dead
zone” between 0V and 0.7V, where a zero sensed current
condition is maintained. At SS voltages above 0.7V, the
sensed current limit threshold on the V¢ pin may rise as
needed up to the SS maintained current limit value. Once
the SS pin rises to the V¢ pin maximum value less 0.7V, or
2.5V, the SS circuit has no effect.

The SS pin sources a typical current of 10pA. Placing a
capacitor (Cgg) from the SS pin to ground will cause the
voltage on the SS pin to ramp up at a controlled rate,
allowing a graceful increase of maximum converter output
current during a start-up condition. The start-up delay
time to full available current limit is:

tsg = 2.5 ¢ 10° » Cgg (S€C)

The LT3781 internally pulls the SS pin below the zero
current threshold during any fault condition to assure
graceful recovery. The SScircuitalso acts as afault control
latch to assure a full-range recovery from a short duration
fault. Once a fault condition is detected, the LT3781 will
suspend switching until the SS pin has discharged to
approximately 225mV.

Layout Considerations-Grounding

The LT3781 is typically used in high current converter
designs that involve substantial switching transients. The
switch drivers on the IC are designed to drive large
capacitances and, as such, generate significant transient
currents. Careful consideration must be made regarding
input and local power supply bypassing to avoid corrupt-
ing the ground references used by the error amplifier and
current sense circuitry.

Effective grounding of the two-transistor synchronous
forward topology where the LT3781 is used is inherently
difficult. The situation is complicated further by the num-
ber of bypass elements that must be considered.

Typically, high current paths and transients from the input
supply and any local drive supplies must be kept isolated
from SGND, to which sensitive circuits such as the error
amp reference and the current sense circuits, as well as the
local 5VRgg supply, are referred. By virtue of the topologies
used in LT3781 applications, the large currents from the
primary switches, as well as the switch drive transients,
pass through the sense resistor to ground. This defines
the ground connection of the sense resistor as the refer-
ence point for both SGND and PGND. In nonisolated
applications where SGND is the output reference, we now
have a condition where every bypass capacitor in the
converter is referenced to the same point.
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Effective grounding can be achieved by considering the
return current paths from the sense resistor to each
respective bypass capacitor. Don’t be tempted to run
small traces to separate the grounds. A power ground
planeisimportantas always in high power converters, but
bypass elements must be oriented such that transient

currentsinthe return paths of V;y and Vg do not mix. Care
must be taken to keep these transients away from the
SGND reference. An effective approach is to use a 2-layer
ground plane, reserving an entire layer for SGND. The
S5VRer and nonisolated converter output bypasses can
then be directly connected to the SGND plane.

LT3781

\ Vst

J__ -

SGND

Figure 6. High-Current Transient Return Paths

3781i




13781

TYPICAL APPLICATIONS

13}1aAu0Y piemio SnouoJyaukg pajejos| YoL/AS 01 Ul 9d AZL 01 A9E “/ ainbi4

AN %)
1041828 ¢ AL d F H AW et Iﬁ>om
, 1 . 1dzg u
Wv_\wwr 4o A | m e 74199
1 o] v ¢ o1 | _ R
|_ _|e><>< danoo; Q9HMd OND ONDd Xy sd0ge”" rees L
o 2 wowvm " ' 5] T 0 o
4o 7 ,_ * = ; 9 ¢ s
< 8691011 400026) Lf €] ¥ 70, 135y g NGHS ¢
cma% = Nidno AHTOLAO J0220M E% f5non s anos onas myaHL 4 Bpg NOHS =
— 5[ P Sm_ _ o *oe 3sns o8 “NHMm ol am>o .ﬁ_u\% ‘
AL0°€ wle dN0Jp ng p4 ONISNS| SNS| Qdp QQNN “_1_. o o T 5 & o el < MSZ0
AR D o e[ o[ H] et ¢+ o — 125V eg Sz
0,
...)>>I_ _I: e v &Qm* | b Sives
A’ oL 4 ol S
2200 :
“ “ Hw} €7
14000}
(NOILYINSNI 9ISVE) HEZELE NOIQIN
40 (NOILLYINSNI TYNOILONNS)
Jdoge Hp9ZHE NODAIN 2L
s (NOILYINSNI ISV H2Ze L€ N0IQIN
» y 40 (NOILLYINSNI TYNOILONNS)
oL G/ 1-20XL0 SOINOYLTI0D HO HZ9ZLE INODTIN 1L
oL % — i V0899504 QIHOYIVA SO LD 9D ‘SO
T A398p¥1S XINODIIS :€0 ‘1D
I..—, e 501-0809+00 L4v407100 :€1
" V4H@YY-YdDL3 DINOSYNYd 21
A0 8069124 YSLYE  Joieennz 24v-0809100 L4VHT100 511
w 20200 QIHOHIVA :H0SI
rd SY900WZEE02SL LININ AE'9 4TI0EE HO
P ¢ A SYOLOM.EEX0HSL LIWIN AOL 4T0EE :80 0L G0
0£504aIN XIS FASZ8 HPA NOWYHLIA 79 ‘€D 20
99-¥22gH/XSHOEWHD 3143 VLVHNN 1)
_Lnop $ Ps “ “ _Nip
A0SZ b AWV °
gz >>N>
2x & 00800 || 9906e 1 9mI b
|_ ¥0899504
— 90 50 9
i =€ 3 4
ol 2 “ : on |-+
Jrloge —— .
T 10899504 MSZ0 5
800L9) : BoL 00 7]
SHD ‘710 ok = —
1 Ao0L 3 €10¢kSdniN
u
i 0] & W c10z1sHNW AoE_1_
Sorp MSZ0 — |l T T
ool N Wn - noor | ook _|
W_ g Jrg |
+._.:o> oY 10 117906€18ININ — ¥ 29
Hrig Y _I_ —Wv—e
2 ® \AAASS MNin
Hiz Y

1

3781i




L13781

TYPICAL APPLICATIONS

13113AU0Y pJeMI04 SNOuoJyaukg pajejos| yoZ/AL € 0} Ul 9a AZL 0} \9E "8 ainbi4

SA

148694

e

01

| €

ELIN)

i SR

N o

8

by

4rige0

q NID

NIHL

_Lno, $

%<
8L

LETY

:

HYIN

NIdAO

diNod; d9dMd ANY ANId Xnvp

8691011
A4001d0

ONAS

dN0Jp g 4 ANOSNS| SNS| adp

<
-

ool
0}

9] ¢

9kl HH| ¢}

S

11180¥¢SZaNIN

412z 0

—P

0es0HaN

4 —L_ N9l
NOL « sy
A0S 000}

Sy

Gl 2

101 4d0ze
94

4doozy| T €[ v]
L0200N 434

108l m» 03
g _ A 7]
ose anod
Mo
d!

4d00.y

L
Lo

_ _ m§. A0Z
I el 4rigg
+ 920

o Mo——

qui

_._\.ny m¢ t“smm
% w_ W

6

8479\ SS NS ONAS WYIHL

182€11

3ISNIS 94 434158 91 158, 90y

AECS _
EELYS <
A04
9 S AW

133 43dpg NAHS o
07A0

¢

|

Km - vm.EMﬂ*D. ]

L

Gl

8l

61

er
> 520
| 1zsva g ez

A

02

_ S
AOOK 410 AWV_N &

VAANS v
HW| €1

yS1ve

|

401EENAZ
¢lo

(NOILYINSNI 91S¥a) YEZELE NOIAIN
40 (NOILYINSNI T¥NOILONNS) Hp9ZLE NOIAIN 2L
(NOILYINSNI 91SVE) 1610-¥d 3STNd
40 (NOILYINSNI T¥NOILINNS)
H43INHO4SNVHL dYNY1d 9261d 3STINd ‘1L
069174 X3137 *€10
401€ENAZ X313Z 10
130171AN dTIHOYIVS */D
0899504 A1IHOHIVH :2+D'GLD'Y LD ‘90 ‘SO
A398¢¥!S XINODITIS :€0 ‘LD
G01-0809100 14¥H4I1109 €1
HOLONANI HYNYd 2261d 3STNd ¢
¢€€-0809100 14vH4I1109 ‘11
£0¢J0IN d7IHOYIVL ‘10SI
051040¢0IN9893SdL XAV 1920
SY900IN2EEA02ZSL LININ AE'9 4Tl0EE HO
SYOLOMZEEX0LSL LININ AOL 4T10E€E 18 0L GO
8XINGSFAGZ8 A NOIYHLIA :¥D '€ ‘2D
09-M¢¢cd/XGP0EINHD 3143 VIVHNIN <1

723
NI
Jrloge —
830190

+I\

4
i
—
£x
V0899504
/10 ‘G0 ‘90

ool

N0} e

4d000+

(6784

MGc0
G0t

|_ 10899504
p1D ‘SO

..L<$|_
MSZ0

OO
4do00tk G

,Anop

—AMA

o~

YYYYYYY

v
T

€10¢1SHNiN
€10c1SdnNin

M/t
05e00 117906E LA
£0

_|_
Ly

L11906€L9ININ

14

0—~
-

00
W

_Nip

AOOL
ELalc —
noor _| & oot _|
gy Jrigy

) 29

+z_>

Hrig'e
A

3781i




TYPICAL APPLICATIONS

13781

asuag |eljuaiajig pue ejs 1se4 Yim JaHaauo) pJemio] snouoiyauis paje|os| Yog/AE € 0} ul 0 AgL 0} \9E 6 ainbiJ

A

SA ’
2138691 v:“" H 4rigg
MS2 o“v ,_\J—Mv b o |~| ¢ _ qup—— + 920
o00LSA0ES <
04 S Sl aMre=—=
dnod; 0DHMd GN9 aN9d tcomm 2wz
NIDHYI " L5 VA S
WL ) * ~ o) g of N_ B 3
Ho00zv) V[ ETY
_3sN3s A9 > NIdAO SAAA4 B_Noﬁws_ g 879\ SS ONOS ONAS Wy3HL
%} g
A0 84 o - _ 5 vy =71°% 1581, 90 |
dN09) gy 5 QNISNS, SNS| 00 v_orlaoww | oee ONDd  3ISNIS D9 4341SE 91 SNISH1G LS8N 99
o 2 . s wg 3
w v S %!
o> resve W p:
s 2200 valve 24 e
ELIER
MSZ 0
00LS
N0 I
ﬁ ;5:582_o_wéwmmwm;s_ooo_s_
40 (NOLLYINSNI TYNOILONN) ¥b9Z 1€ WOIIN 2L d LLTh16aaNI
(NOILYINSNI ISV8) L610-Yd 3S1Nd 4 ommUI
40 (NOILYINSNI TYNOILLONNA) VWA HLTP0BELNIN A a
YINHOISNYHL HYNYTd 9.61d 3STNd ‘1L Yol [ GEUEY
069174 X313 €10 « - ¢ & o
H0LEENAZ X313Z 21D
TI0LYLON QTIHOYIVA -0 s001 I,._;
¥0899504 GIHOYIVA :LD'SLO'Y LD ‘9D ‘G0 AM—A
A398Y¥1S XINODITIS €0 ‘1D ENQ SR ez MST0 M2
501-080910 14YH01109 €1 Yo' g
HOLONANI HYNY1d 2261d 3STNd 21
2€£-0809100 14vH0102 11
2020 QIHOHIVA :LOS!
05104020N9893Sd L XAV 1920
SY900W 28800261 1IN A€ 9 4T0EE HO
SYOLONZEEX0LSL 13NN AOL 41108E '8 01 59 A
GXINGS LAGZSLPA NOWYHLIA 79 €0 20
09-MZ2eHZXSYOSINHD 3143 VLYHNIN 31D
2
_Lnoy NIy
)
nm >>N>
9 08200 | |y906c10WI
v
Px
not L +-w—]
drioge —— MSz0 7
800160 s 001 C rV
¥0899504 C
110510 90 A00F —L— C £1021SHNIA
C WV cL0zisuni
MSZ'0 d T
- ot Wn 117906 LGN g1 ==
+._.:o> \AAAS v o 2
Hrige'g 1 I\ i
Hrig'e

3781i




L13781

PACKAGE DESCRIPTION

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

7.07 -7.33*
(278 - .289)
20 19 18 17 16 15 14 13 12 11
7.65-7.90
(301-.311)
123456782910 B
5.20 - 5.38** (73109
(205-212) (o= o)
0°-8° e
A X T N
13-.22 55-.95 | F } %»\ | T
(.005-.009) (022 -.037) ('Bsc) 5o 21
NOTE: _25-38 || ((002-.008)
1. CONTROLLING DIMENSION: MILLIMETERS (:010-.015) 620 5507 0501
MILLIMETERS

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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RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LT1158 Half-Bridge N-Channel MOSFET Driver Current Limit Protection, 100% of Duty Cycle

LT1160 Half-Bridge N-Channel MOSFET Driver Up to 60V Input Supply, No Shoot-Through

LT1162 Dual Half-Bridge N-Channel MOSFET Driver Vi to 60V, Good for Full-Bridge Applications

LT1336 Half-Bridge N-Channel MOSFET Driver Smooth Operation at High Duty Cycle (95% to 100%)

LT1339 High Power Synchronous DG/DC Controller 60V Dual N-Channel MOSFET Controller

LTC®1530 High Power Step-Down Switching Regulator Controller | Excellent for 5V to 3.x Up to 50A

LTC1625 No Rsense™ Synchronous Controller 97% Efficient, 1.19V < Vi < 36V, 1.19V < Voyr < Viy

LT1680 High Power DC/DC Current Mode Step-Up Controller High Side Current Sense, Up to 60V Input

LT1681 Dual Transistor Synchronous Foward Controller Operation up to 72V Maximum

LTC1698 Secondary Synchronous Rectifier Controller Use with the LT1681, Isolated Power Supplies, Contains Voltage Merging,
Optocoupler Driver, Synchronization Gircuit with the Primary Side

LTC1735 Synchronous Step-Down Controller Current Mode, 3.5V < Vi < 36V, 0.5V < Vgyr <5V

LTC1922-1 Synchronous Phase Modulated Full-Bridge Controller 50W to 2kW Power Supply Design, Adaptive Direct Sense ZVS

LTC1929 2-Phase 42A Synchronous Controller Minimizes Cyy and Goyr, 4V < V) < 36V, 300kHz

LTC3728 550kHz, Dual 2-Phase Synchronous Gontroller High Frequency Reduces Size of Inductors, Minimum Gy, 4V < Viy <36V,
louT1, 2 up to 20A

No Rsgnse is a trademark of Linear Technology Corporation.
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