TECHNOLOGY

| t ’\D 113840

Wide Input Runye

Synchronous Regulator Conftroller
with Accurate Current Limit

FEATURES

Wide Input Range: 2.5V to 60V

Integrated Buck-Boost Supply for 7.5V MOSFET
Gate Drive

® Programmable Constant-Current Operation with
Current Monitor Output

Low Ig: 75pA, 12V to 3.3Voyr

Selectable Low QOutput Ripple Burst Mode®
Operation

Vout Up to 60V

Adjustable and Synchronizable: 50kHz to 1MHz
Internal OVLO Protects for Input Transients Up to 80V
Accurate Input Overvoltage and Undervoltage Threshold
Programmable Soft-Start with Voltage Tracking
Power Good and Qutput OVP

28-Lead TSSOP and 38-Lead 4mm x 6mm QFN Packages

APPLICATIONS

® Automotive Supplies
® |ndustrial Systems
m Distributed DC Power Systems

DESCRIPTION

The LT®3840 is a high voltage synchronous step-down
switching regulator controller capable of operating from
a 2.5V to 60V supply.

The LT3840’s low quiescent current, when configured for
user selectable Burst Mode operation, helps extend run
time in battery-powered systems by increasing efficiency
at light loads. The LT3840 uses a constant frequency,
current mode architecture. High current applications are
possible with large N-channel gate drivers capable of
driving multiple low Rps(ony MOSFETS.

An integrated buck-boost switching regulator generates
a 7.5V bias supply voltage for MOSFET gate drive and IC
power allowing higher efficiency operation over the entire
inputvoltage range and eliminating the need for an external
bias voltage. An accurate current limit set point regulates
the maximum output current. A current monitor reports
the average output current.

A7, LT, LTC, LTM, Linear Technology, Burst Mode, and the Linear logo are registered
trademarks of Linear Technology Corporation. All other trademarks are the property of their
respective owners.
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LT3840

ABSOLUTE MAXIMUM RATINGS

(Note 1) Junction Temperature Range
AUXVIN, Viy, EN-and UVLO ... -0.3V to 80V LT3840F (NOtE 2) ..o ~40°C t0 125°C
PGl -0.3Vto 25V LT38401 ... ~40°C t0 125°C
MODE.......co oo, -0.3Vito 9V LT3840H oo —-40°C to 150°C
SENSE* and SENSE™.......ooovoiivrrsin —0.3VI0 60V | T3BAOMP.........ooorrcvevrrrrrrcrinennes ~55°C t0 150°C
SENSE* 10 SENSE ..o -1Vio 1V Lead Temperature (So|dering, 10 sec)
OVLO, V¢, FB, SYNC, TK/SS and ICTRL....... ~0.3V10 8V TSSOP ONlY ...vvvvvvvrvevrrerverrnsssnenrrsssnernesssnne 300°C
Storage Temperature...........ccccevcvevenenee. -65°C to 150°C
PIN CONFIGURATION
TOP VIEW
TOP VIEW . =B £
Auxswi [1] [28] AUXBST EEEEEE
PGND [2] [27] Auxsw2 [ 13811371,361,351134;33 332 |
A (8] 777 28] wrvee AUXVIN| 1] 181] NC
swie [4] | | [29) sa Ne|2] 130] INTVg
val | e
Tk/ss [6] | I [23] BOOST - “]
8 [7] i o | 2T TK/ZE _5:: :LEZ' ggOST
ve (2] | 01 [ FB 'j‘T GSNQD \LE% 16
Pc [9] ! | [20] SENSE W il s
mooe [f0] | | i) senser Pg = =
ovio [i1] | | [ cowe o 23] sense-
wio fief L___ 1 [i7) e woe [l 21| senser
EN [13} [16] moN ovofiz 20| 1comp
vy [14] [15] GND 713171411151 (16171717181 {19!
FE PACKAGE SE5228¢E
28-LEAD PLASTIC TSSOP 5 =R
UFE PACKAGE
0ya = 30°C/W, 8¢ = 10°C/W 38-LEAD (4mm x 6mm) PLASTIC QFN
EXPOSED PAD (PIN 29) IS GND, MUST BE SOLDERED TO PCB 041 = 38°CW, 60 = 4°CW
EXPOSED PAD (PIN 39) IS GND, MUST BE SOLDERED TO PCB

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LT3840EFE#PBF LT3840EFE#TRPBF LT3840FE 28-Lead Plastic TSSOP -40°C to 125°C
LT3840IFE#PBF LT3840IFE#TRPBF LT3840FE 28-Lead Plastic TSSOP -40°C to 125°C
LT3840HFE#PBF LT3840HFE#TRPBF LT3840FE 28-Lead Plastic TSSOP -40°C to 150°C
LT3840MPFE#PBF LT3840MPFE#TRPBF LT3840FE 28-Lead Plastic TSSOP -55°C t0 150°C
LT3840EUFE#PBF LT3840EUFE#TRPBF 3840 38-Lead (4mm x 6mm) Plastic QFN -40°C to 125°C
LT3840IUFE#PBF LT3840IUFE#TRPBF 3840 38-Lead (4mm x 6mm) Plastic QFN -40°C to 125°C

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

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C.

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Input Supply
Vin Minimum Operating Voltage o 2.5 v
Vin Supply Current 20 pA
Vy Burst Mode Current Vmope = OV 20 30 pA
Vin Shutdown Current VEy = 0.3V ° 0.1 1 HA
AUXV )y Minimum Operating Voltage ° 2.5 \
AUXV|y Overvoltage Lockout ° 60 \
AUXV|y Supply Current (Note 3) 300 pA
AUXV)y Burst Mode Current Vmope = OV 0.1 HA
AUXVy Shutdown Current Vey =0.3V 0.1 1 HA
EN Enable Threshold (Rising) ® 1.20 1.25 1.30 \
EN Hysteresis 30 mv
EN Pin Bias Current Vey =1.25V 2 nA
UVLO Enable Threshold (Rising) ° 1.20 1.25 1.30 \
UVLO Hysteresis 45 mvV
UVLO Pin Bias Current Vuyrg =1.25V 1 nA
OVLO Threshold (Rising) e | 120 1.25 1.30 \
OVLO Hysteresis 125 mV
OVLO Pin Bias Current Voyrg =1.25V 1 nA
Voltage Regulation
Regulated FB Voltage E- and I-Grade ® | 1237 1.250 1.263 v
Regulated FB Voltage MP- and H-Grade ® | 1232 1.250 1.263 \
FB Qvervoltage Protection % Above FB Voltage [ 8 12 16 %
FB Qvervoltage Protection Hysteresis 2.5 %
FB Input Bias Current 5 20 nA
FB Voltage Line Regulation 2.5V <V <60V 0.002 0.02 %N
FB Error Amp Transconductance 300 S
FB Error Amp Sink/Source Current +25 pA
Peak Current Limit Sense Voltage 0% Duty Cycle 80 95 110 mV
Peak Current Limit Sense Voltage 100% Duty Cycle 60 mV
TK/SS Charge Current 9 pA
Current Regulation
Sense Common Mode Range ) 0 60 \
Average Current Limit Sense Voltage VictRL = Open ® | 475 50 52.5 mV
VicTRL = 800mV 40 mV
IMON Voltage Vsense = 50mV ® | 09 1.00 1.05 \
Vsense = 20mV 0.4 v
ICTRL Current VictRL =1V 7 pA
Reverse Protect Sense Voltage Vivope = 7.5V -50 mV
Reverse Current Sense Voltage Offset Vmooe = Ve 0r Vmope = 0V 5 mV
Sense Input Current SENSE* = SENSE™ = 12V 300 pA
Oscillator
Switching Frequency Rt =49.9k [ 280 300 320 kHz
Rt = 348k 50 kHz
Rr=13.7k 1000 kHz
SYNC Threshold 1.2 \
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L. T3840
GLGCTBKHL CHHBHCTGI“STKS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C.

PARAMETER | CONDITIONS MIN TYP MAX UNITS
Power Good

PG Threshold as a Percentage of Vig Vg Rising ° 87 90 93 %
PG Hysteresis as a Percentage of Veg 2.5 %
PG Leakage Vpg =5V 0.1 1 pA
PG Sink Current Vpg = 0.3V ) 35 65 pA
MOSFET Gate Drivers

Non-Overlap Time TG to BG 75 ns
Non-Overlap Time BG to TG 75 ns
TG Minimum On Time 150 ns
TG Minimum Off Time 240 ns
TG Maximum Duty Cycle Rt =49.9k 99 %
TG, BG Drive On Voltage 75 v
TG, BG Drive Off Voltage 5 mV
TG, BG Drive Rise Time Ctg = Cgg = 3300pF 20 ns
TG, BG Drive Fall Time Ctg = Cpg = 3300pF 20 ns
BOOST UVLO (Rising) VBoosT - Vsw 45 5.3 v
BOOST UVLO Hysteresis 350 mV
Internal Auxiliary Supply

INTV¢c Regulation Voltage ® | 725 7.5 7.75 v
INTVgg UVLO Threshold (Rising) 6.25 6.5 6.75 \
INTVgg UVLO Hysteresis 300 mV
INTVgg Current in Shutdown Vey =0.3V 6 HA
INTV¢g Output Current 2.5V <V < 60V (Note 4) o 100 mA
INTV¢g Burst Mode Current Vviope = OV 60 pA
Note 1: Stresses beyond those listed under Absolute Maximum Ratings temperature range. The LT3840H is guaranteed over the full -40°C to

may cause permanent damage to the device. Exposure to any Absolute 150°C operating junction temperature range. The LT3840MP is 100%
Maximum Rating condition for extended periods may affect device tested and guaranteed over the —55°C to 150°C temperature range. High
reliability and lifetime. junction temperatures degrade operating lifetimes; Operating lifetime is
Note 2: The LT3840E is guaranteed to meet performance specifications derated for junction temperatures greater than 125°C.

from 0°C to 125°C junction temperature. Specifications over the —40°C Note 3: Supply current specification does not include switch drive

to 125°C operating junction temperature range are assured by design, currents. Actual supply currents will be higher.

characterization, and correlation with statistical process controls. The Note 4: Specification is not tested but is guaranteed by design,

LT38401 is guaranteed over the —40°C to 125°C operating junction characterization and correlation with statistical process controls.
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TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGGISTICS Tp = 25°C, unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS (1ssor/ar)

AUXSWH1 (Pin 1/Pin 36): AUXSW1 is a switching node of
the auxiliary bias supply. Connect the pin to the auxiliary
bias supply inductor.

PGND (Pin 2/Pin 38): PGND is the high current ground
return for the auxiliary bias supply. Connect PGND to the
negative terminal of the INTV¢ decoupling capacitor and
to system ground.

AUXVIN (Pin 3/Pin 1): AUXVIN is the supply pin to the
auxiliary bias supply. Bypass the pin with a low ESR ca-
pacitor placed close to the pin and referenced to PGND.

SYNC (Pin 4/Pin 3): SYNC allows the LT3840 switching
frequency to be synchronized to an external clock. Set
the Ry resistor such that the internal oscillator frequency
is 15% below the minimum external clock frequency. If
unused connect the SYNC pin to GND.

RT (Pin 5/Pin 4): An external resistor on RT sets the
switching frequency of the synchronous controller and
auxiliary bias supply.

TK/SS (Pin 6/Pin 6): TK/SSis the LT3840 external tracking
and soft-start input. The LT3840 regulates the Vg voltage
tothe smaller ofthe internal reference orthe voltage onthe
TK/SS pin. Aninternal pull-up current source is connected
to this pin. A capacitor (Csg) to ground sets the ramp rate.
Alternatively, a resistor divider on another voltage supply
connected to this pin allows the LT3840 output to track
another supply during start-up. Leave the pin open if the
tracking and soft-start functions are unused.

FB (Pin 7/Pin 7): The regulator output voltage is set with
a resistor divider connected to FB. FB is also the input
for the output overvoltage and power good comparators.

V¢ (Pin 8/Pin 8): V¢ is the compensation node for the
output voltage regulation control loop.

PG (Pin 9/Pin 9): PG is a power good pin and is the open-
drain output of an internal comparator.

MODE (Pin 10/Pin 11): MODE is used to enable or disable
Burst Mode operation. Connect MODE to ground for Burst
Mode operation. Connect the pin to FB for pulse-skipping
mode. Connect MODE to INTV¢ for continuous mode.

OVLO (Pin 11/Pin 12): OVLO has a precision threshold
with hysteresis to implement an accurate overvoltage
lockout (OVLO). Controller switching is disabled during
an overvoltage lockout (OVLO) event. INTVgg regulation
is maintained during an OVLO event. Connect the pin to
GND to disable the function.

UVLO (Pin 12/Pin 13): UVLO has a precision threshold
with hysteresis to implement an accurate undervoltage
lockout (UVLO). UVLO enables the controller switching.
Connect the pin to Vy to disable the function.

EN (Pin13/Pin14): EN has a precision IC enable threshold
with hysteresis. EN enables the auxiliary bias supply and
controller switching. Connect the pin to Vy to disable the
function. EN also has a lower threshold to put the LT3840
into a low current shutdown mode where all internal cir-
cuitry is disabled.

Vin (Pin 14/Pin 15): V| provides an internal DC bias rail
and should be decoupled to GND with a low value (0.1pF),
low ESR capacitor located close to the pin.

GND (Pin 15, Exposed Pad Pin 29/Pin 17, Exposed Pad
Pin 39): Ground. Solder GND and the exposed pad directly
to the PGB ground plane.

IMON (Pin 16/Pin 18): The voltage on IMON represents
the average output current of the converter. A small value
capacitor filters the ripple voltage associated with the
inductor ripple current.

ICTRL (Pin 17/Pin 19): The maximum average output
current is programmed with a voltage applied to ICTRL.
If unused, leave floating.

ICOMP (Pin 18/Pin 20): A capacitorand resistor connected
to ICOMP compensates the average current limit circuit.

SENSE* (Pin 19/Pin 21): SENSE* is the positive input for
the differential current sense comparator.

SENSE™ (Pin 20/Pin 22): SENSE™ is the negative input for
the differential current sense comparator.

SW (Pin 21/Pin 24): SW is the high current return path
of the TG MOSFET driver and is externally connected to
the negative terminal of the BOOST capacitor.

3840fa
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PIN FUNCTIONS (rssorarn)

TG (Pin 22/Pin 25): TG is the high current gate drive for
the top N-channel MOSFET.

BOOST (Pin 23/Pin 26): BOOST is the supply for the
bootstrapped TG gate drive and is externally connected
to a low ESR ceramic capacitor referenced to SW.

BGRTN (Pin 24/Pin 28): BGRTN is the high current return
path of the BG MOSFET driver and is externally connected
to the negative terminal of the INTV¢ capacitor.

BG (Pin 25/Pin 29): BG is the high current gate drive for
the bottom N-channel MOSFET.

INTV¢c (Pin26/Pin 30): INTVcis the auxiliary bias supply
output. Bypass the pin with a low ESR capacitor placed
closetothe pin. INTV¢c provides supply for LT3840internal
bias and MOSFET gate drivers. The INTV¢g pin cannot be
back driven with a separate supply.

AUXSW2 (Pin 27/Pin 33): AUXSW2 is a switching node
of the auxiliary supply and is connected to the auxiliary
bias supply inductor.

AUXBST (Pin 28/Pin 35): AUXBST provides drive voltage
for the auxiliary supply and is connected to a low ESR
capacitor referenced to AUXSW1.

3840fa
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OPERATION
OVERVIEW

The LT3840 provides asolutionfora highefficiency, general
purpose DC/DC converter. It is a wide input voltage range
switching regulator controller IC that uses a program-
mable fixed frequency, peak current mode architecture.
An internal switching regulator efficiently provides an
auxiliary bias supply to drive multiple, large N-channel
MOSFET switches.

The LT3840 includes functions such as average output
current control and monitoring, micro-power operation
with low output ripple, soft-start, output voltage tracking,
power good and a handful of protection features.

Voltage Control Loop

The LT3840 uses peak current mode control to regulate
the supply output voltage. The error amplifier (EA) gener-
atesan error voltage (V) based on the difference between
the feedback (FB) voltage and an internal reference.

The externally compensated Vg voltage generates a
threshold for the differential current sense comparator.
During normal operation, the LT3840 internal oscillator
runs at the programmed frequency. At the beginning of
each oscillator cycle, the TG switch drive is turned on. The
TG switch drive stays enabled until the sensed inductor
current exceeds the V¢ derived threshold of the current
sense comparator.

If the current comparator threshold is not reached for the
entire oscillator cycle, the switch driver stays on for up
to eight cycles. If after eight cycles the TG switch driver
is still on, it is turned off to regenerate the BOOST boot-
strapped supply.

Whenthe load currentincreases, the FB voltage decreases
relative to the reference causing the EA to increase the Vg
voltage untilthe average inductor current matches the new
load current. Refer to Figure 1 for a block diagram of the
LT3840 voltage control loop.

Fm——n BOOST Vin
INTVee — S
[A—— 1 1
DRIVER 16 T ! '
L ' ' EXTERNAL
i i COMPONENTS
ANTI SHOOT S T WP i
—\W\—9—¢ Vout
THRU H REE
INTVcg BG | X |
= 1
\‘\DRIVER — 1] f———— _————f-c-].
| l-o /I/ i Iﬁ !
1
BGRTN ! !
Q S}e !
I | H '
- L .
OSCILLATOR =
W e
SENSE*
SYNG  |RT WA}
SENSE™ i
Ir -: AA 121
”l 1 1 : :
1 1
— 1
!._-_JI 1 1
1 1
1 1
1 1
1 1
= o

3840 BD
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Figure 1. Peak Current Mode Voltage Control Functional Block Diagram
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OPERATION

Light Load Operation (Burst Mode Operation,
Pulse-Skipping Mode or Continuous Mode)

The LT3840 is capable of operating in Burst Mode, pulse-
skipping mode, or continuous mode. Connect the MODE
pin to GND for Burst Mode operation, to the FB pin for
pulse-skipping mode, or to INTV¢ for continuous mode.

In Burst Mode operation the LT3840 forces a minimum
peak inductor current via an internal clamp on the Vg pin.
If the average inductor current is greater than the load
current the output voltage will begin to increase and the
error amplifier, EA, will attempt to decrease the V¢ volt-
age. When the internal voltage clamp on V¢ is engaged
and the FB voltage increases slightly, the LT3840 goes
into sleep mode.

In sleep mode, both external MOSFETs are turned off
and much of the internal circuitry is turned off, reducing
the quiescent current. The load current is supplied by
the output capacitor. As the output voltage decreases,
the LT3840 comes out of sleep mode and the controller
resumes normal operation by turning on the TG MOSFET
on the next cycle of the internal oscillator. The output
voltage increases and the controller goes back to sleep.
This cycle repeats until the average load current is greater
than the minimum forced peak inductor current.

When Burst Mode operation is selected, the inductor
current is not allowed to go negative. A reverse current
comparator turns off the BG MOSFET just before the
inductor current reaches zero, preventing it from revers-
ing and going negative. Thus, the controller operates in
discontinuous operation.

In pulse-skipping mode, during light loads, the supply
operates in discontinuous mode where the inductor cur-
rent is not allowed to reverse direction. Qutput voltage
regulation is maintained by skipping TG on pulses. At
light loads pulse-skipping mode is more efficient than
forced continuous mode, but not as efficient as Burst
Mode operation.

In continuous operation the inductor current is allowed
to reverse direction at light loads or under large transient
conditions. The reverse current comparator protects the
BG MOSFET by turning it off if the reverse current exceeds
the maximum reverse current sense threshold voltage.

Constant Current Operation

For applications requiring a regulated current source the
LT3840 has a control loop to accurately regulate the aver-
age output current. A current monitor function provides
output current information for telemetry and diagnostics.

The current through the sense resistor, Rggnsg, produces
avoltage applied to the SENSE pins. The differential sense
voltage is amplified by 20x, buffered and output to the
IMON pin. The capacitor on the IMON pin filters the ripple
component to average the signal.

The 20x amplified differential sense voltage is also applied
to an internal GM amplifier and compared against either
1V or ICTRL voltage, whichever is smaller. A voltage
applied to ICTRL reduces the maximum average current
sensethreshold. Whenthe 20x amplified differential sense
voltage exceeds the 1V internal reference or the ICTRL
voltage the ICOMP node is driven high and V¢ is pulled

3840fa
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OPERATION

low. The V¢ voltage is the DC control node that sets the
peak inductor current. A resistor and capacitor on ICOMP
compensate the current control loop. Figure 2 includes
the block diagram of the average current control loop
and transfer functions showing the relationship between
Vsense, ICTRL and IMON.

Auxiliary Bias Supply

The LT3840 wide input voltage range is made possible
with the auxiliary bias supply switching regulator. Other
switching regulator controllers typically use a linear volt-

MAXIMUM
- AVERAGE
= CURRENT
CONTROL

50— === ————mmmm—m oo

407 TRANSFER FUNCTION
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age regulator to provide the gate drive voltage from V.
This approach is limited by power dissipation at high
input voltage and dropout at low voltage. The LT3840
bias regulator efficiently generates a 7.5V bias voltage,
capable of adequately driving large multiple MOSFETs, at
input voltages as low as 2.5V and as high as 60V.

The auxiliary bias supply is a monolithic buck-boost, peak
current mode topology. The switching frequency is fixed
and synchronized withthe LT3840 synchronous buck con-
troller. The switching regulator is internally compensated
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700 1 TRANSFER FUNCTION :
. IMON vs AVG. |
E 600 SENSE VOLTAGE :
= |
% 500 :
. |
400 |
|
300 1 :
|
200 |
|
1001 |
|
O T T T T \. ;
0 10 20 30 40 50
Vsense (mV) 3840 F02

Figure 2. Average Output Current Limit Functional Block Diagram and Transfer Curves
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and current limited. Figure 3 is a functional block diagram
of the auxiliary bias supply.

Auxiliary Bias Supply Start-Up and Shutdown

The LT3840 auxiliary bias supply is enabled with the en-
able (EN) pin. When the EN pin voltage exceeds a diode
threshold the LT3840 comes out of the low quiescent cur-
rent shutdown mode and turns on the internal reference
(Vrer) and internal bias (Vgeg). When the EN pin voltage

exceeds its precision voltage threshold the auxiliary bias
switching regulator is activated and the INTV¢g voltage
is regulated. Figure 4 is a functional block diagram of the
auxiliary bias supply start-up.

The auxiliary bias supply has its own enable pin to allow
the INTV to be activated independent of the controller.
INTVe may be used to drive other circuitry in the applica-
tion such as an LDO.

AUXVIN
\—¢ AUXBST
'
| CauxssT A’
r=fr=n
: I EXTERNAL
|
VT R auxswe INTVGe JCOMPONENTS
AUXSW1 T F"‘Dj
"""" i
' g 1 Cintvee
e boZ-d
<>
Vi > 18V — %
VRer = 3840703
INTERNAL
COMPENSATION
=T
Figure 3. Auxiliary Bias Supply Functional Block Diagram
Vi AUXVIN
T| | 1
A N y i —
INTV¢e
_-'7-_ INTERNAL | Veee [ Linear | VRES | auxiLiary -
REFERENCE ”| REGULATOR ”| BIAS SUPPLY =
4_ A A
£| v 'y I
EN = osciLLaror H 1 -

3840 F04

T
— /

Figure 4. Auxiliary Bias Supply Start-Up Functional Block Diagram
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Soft-Start/Output Voltage Tracking

The soft-start function controls the slew rate of the power
supply output voltage during start-up. A controlled output
voltage ramp minimizes output voltage overshoot, reduces
inrush current from the V,y supply, and facilitates supply
sequencing.

TK/SS is an additional input to the error ampli-
fier (EA). The voltage control loop regulates the out-
put via the FB pin to whichever pin is lower, VRgr or
TK/SS. An internal current source and a capacitor on the
pin program the output voltage ramp time. Drive the pin
with a voltage to use the output voltage tracking function
for supply sequencing.

The TK/SS voltage is clamped to a diode above the FB volt-
age, therefore, during a short-circuit the TK/SS voltage is
pulled low because the FB voltage is low. Once the short
has been removed the FB voltage starts to recover. The
soft-start circuit takes control of the output voltage slew rate
once the FB voltage has exceeded the slowly ramping TK/
SSvoltage, reducing the output voltage overshootthrough
a short-circuit recovery. During a fault condition such as
UVLO, OVLO or overtemperature, the soft-start capacitor

1iss  (¥)'soFT-sTaRT

is discharged. If unused, the pin can be left open and the
internal current source will pull the pin voltage above the
soft-start operating range. Figure 5 is a functional block
diagram of the LT3840 soft-start/tracking function.

Power Good and Output Overvoltage Protection

When FB is within range of its regulated value an internal
N-channel MOSFET, on the PG pin, is turned off allowing
an external resistor to pull PG high. Power Good is valid
when the LT3840 is enabled with the EN pin and the Vy
voltage is above 2.5V.

The LT3840 output overvoltage protection feature disables
the synchronous buck controller switching when the FB
pin exceeds its regulated value by a given amount (see
Electrical Specification table). When this event occurs the
PG pin voltage is pulled low.

Input Overvoltage Lockout

The LT3840 is capable of withstanding input voltage
transients up to 80V. When the voltage on the AUXVIN
pin exceeds 60V the auxiliary bias switching regulator is
disabled.

1.3 4
1.2
1.14
1.0 1
0.9 TRANSFER FUNCTION

08| FB vs TK/SS
0.7
0.6
0.5
0.4
0.3
0.2
0.14 . >
011 0‘.2 013 014 015 016 0.‘7 018 0‘.9 1‘.0 1.‘1 1.‘2 1.‘3 114 "
TK/SS (V) 3840 F05

FB(V)

Figure 5. Soft-Start and Output Voltage Tracking Functional Block Diagram and Transfer Curve
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Switching Frequency

The choice of switching frequency is a trade-off between
converter efficiency and component size. Low frequency
operation improves efficiency by reducing MOSFET
switching losses and gate charge losses. However, lower
frequency operation requires more inductance for a given
amount of ripple current, resulting in larger inductor size.
Increasing the ripple current requires additional output
capacitance to maintain the same output ripple voltage.

For converters with extremely high or low step-down Vy
to Voyr ratios, another consideration is the minimum
on and off times of the LT3840. A final consideration for
operating frequency is in noise-sensitive systems where
it is often desirable to keep the switching noise out of a
sensitive frequency band.

The LT3840 uses a constant frequency architecture pro-
grammable withasingle resistor (Rt) overa50kHzto 1MHz
range. The value of Ry for a given operating frequency can
be chosen from Table 1 or from the following equation:

Rr(kQ) = 2.32 « 10% » fgy,(~1:08)

Table 1. Recommended 1% Standard Values

Rr (k) fsw (kHz)
348 50
158 100
76.8 200
49.9 300
36.5 400
28.0 500
23.2 600
19.1 700
16.5 800
143 900
13.7 1000

Inductor Selection

The critical parameters for the selection of an inductor
are minimum inductance value, saturation current and
RMS current. For a given Alj, the inductance value is
calculated as follows:

Vinmax)— Vout

L>Voyre
fsw* Vinuax) * Al

The typical range of values for Al is (0.2 * lgyr(max)) to
(0.5 * |OUT(|V|AX)), where |0UT(|\/|AX) is the maximum load
current of the supply. Using Al = 0.3 * loyt(max) Yields a
good design compromise between inductor performance
versusinductorsizeand cost. Avalue of Al = 0.3 lgyT(max)
produces a£15% of loyt(max) ripple currentaround the DC
output current of the supply. Lower values of Al require
larger and more costly magnetics. Higher values of Al
will increase the peak currents, requiring more filtering
on the input and output of the supply. If Al is too high,
the slope compensation circuit is ineffective and current
mode instability may occur at duty cycles greater than
50%. To satisfy slope compensation requirements the
minimum inductance is calculated as follows:

2DCwax 1, Rsense *30
DCax fsw

Lmin>Vour®

Magnetics vendors specify the saturation current, the RMS
current or both. When selecting an inductor based on
inductor saturation current, use the peak current through
the inductor, loyr(vax) + AlL/2. The inductor saturation
currentspecificationis the currentat whichtheinductance,
measured atzero current, decreases by a specifiedamount,
typically 30%. When selecting an inductor based on RMS
currentrating, usethe average currentthroughtheinductor,
lout(max). The RMS current specificationis the RMS current
at which the part has a specific temperature rise, typically
40°C, above 25°C ambient. After calculating the minimum
inductance value, the saturation current and the RMS
current for your design, select an off-the-shelf inductor.

Contact the Applications Group at Linear Technology for
further support. For more detailed information on selecting
an inductor, please see the Inductor Selection section of
Linear Technology Application Note 44.

3840fa
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MOSFET Selection

Two external N-channel MOSFETs are used with the
LT3840 controller, one top (main) switch, and one bot-
tom (synchronous) switch. The gate drive levels are set
by the INTV¢c voltage. Therefore, standard or logic level
threshold MOSFETs can be used.

Selection criteria for the power MOSFETs include break-
down voltage (BVpsg), maximum current (Igytmax), On-
resistance (RDSqy) and gate charge.

First selecta MOSFET with a BVpgg greater than Vyy. Next
consider the package and current rating of the device. The
maximum currentrating ofthe device typically corresponds
to a particular package. The RMS current of each device
is calculated below:

Top Switch Duty Cycle (DCp) = %
IN

Top SwitchRMS Current =DCrgp ® loyTmax

Bottom Switch Duty Cycle (DCgq7) = V'N\_/ﬂ
IN

Bottom Switch RMS Current =DCgot ® loutmax

Selectadevicethathasacontinuous current rating greater
than the calculated RMS current.

Lastly, considerthe RDSqgy and gate charge of the MOSFET.
These two parameters are considered together because
theyaretypically inversely proportionalto one another. The
RDSqy determines the conduction losses of the MOSFET
and the gate charge determines the switching losses.

The switching and conduction losses of each MOSFET
can be calculated as follows:

2, Vour

Pconp(rop)=loutmax)

Vin=V
Pconn(goT) =loutmax®* o

Note that RDSqy has a large positive temperature depen-
dence. The MOSFET manufacturer’s data sheet contains
a curve, RDSqy vs Temperature. In the main MOSFET,
transition losses are proportional to V2 and can be con-
siderably large in high voltage applications (Vjy > 20V).
Calculate the maximum transition losses:

Qgsw
Prranror)=Vinelout * fow IRV

where Qggw can be found in the MOSFET specification
or calculated by:

QGsw=QGD+Q§S

and Ipgive = 1A
The total maximum power dissipations ofthe MOSFET are:

Prop(totaL) = Pconp(rop) + PTran(ToP)

Pgor(torar) = Pconp(sor)

Complete a thermal analysis to ensure that the MOSFET’s
junction temperatures are not exceeded.

Ty=Ta+Prorar) * 64a

where 0, is the package thermal resistance and Ty is the
ambient temperature. Keep the calculated T; below the
maximum specified junctiontemperature, typically 150°C.
Note that when Vyy is high and fgyy is high, the transition
losses may dominate. A MOSFET with higher RDSqy and
lower gate charge may provide higher efficiency. MOSFETs
with a higher voltage BVpsg specification usually have
higher RDSgy and lower gate charge.

A Schottky diode can be inserted in parallel with the
synchronous MOSFET to conduct during the dead time
between the conduction of the two power MOSFETs. This
prevents the body diode of the bottom MOSFET from turn-
ing on, storing charge during the dead time and requiring
a reverse recovery period.

Input Capacitor Selection

Alocalinput bypass capacitoris required for buck convert-
ersbecausetheinputcurrentis pulsed with fast rise and fall
times. The input capacitor selection criteria are based on

3840fa
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the bulk capacitance and RMS current capability. The bulk
capacitance will determine the supply input ripple voltage.
The RMS current capability is used to prevent overheating
the capacitor. The bulk capacitance is calculated based on
maximum input ripple, AVy:

lOUT(MAX) *Vour
AViy *fow * Vinginy

CinBuLk) =

AV)y is typically chosen at a level acceptable to the user.
A good starting point is 100mV to 200mV. Aluminum
electrolytic capacitors are a good choice for high voltage,
bulk capacitance duetotheir high capacitance per unitarea.

The capacitor’s RMS current is:

Vout (Vin—Vour)
(Viy)?

ICIN(RIVIS)=|OUT\/

If applicable, calculate it at the worst-case condition,
Vin = 2Vgyt. The RMS current rating of the capacitor
is specified by the manufacturer and should exceed the
calculated Iginrms). Due to their low ESR (equivalent
series resistance), ceramic capacitors are a good choice
for high voltage, high RMS current handling. Note that the
ripple currentratings fromaluminum electrolytic capacitor
manufacturers are based on 2000 hours of life. This makes
it advisable to further derate the capacitor or to choose
a capacitor rated at a higher temperature than required.

The combination of aluminum electrolytic capacitors and
ceramic capacitors is an economical approach to meeting
the input capacitor requirements. The capacitor voltage
rating must be rated greater than maximum Vyy voltage.
Multiple capacitors may also be paralleled to meet size
or height requirements in the design. Locate the capaci-
tor very close to the MOSFET switch and use short, wide
PCB traces to minimize parasitic inductance. Use a small
(0.1pF to 1pF) bypass capacitor between the chip Vjy pin
and GND, placed close to the LT3840.

Output Capacitor Selection

The output capacitance, Cqyt, Selection is based on the
design’s output voltage ripple, AVgyt and transient load

requirements. AVgyr is a function of Al and the Coyr
ESR. It is calculated by:

1
AVgyr=Al_ o(ESR+——1—_
o ( (S'fSW'COUT))

The maximum ESR required to meet a AVgyt design
requirement can be calculated by:

ESR(MAX)= (AVOUT)(L)(fSW)
Vout
Vour*|1-

Vinmax)
Worst-case AVgytoccursatthe highestinput voltage. Use
paralleled multiple capacitors to meet the ESR require-
ments. Increasing the inductance is an option to lower the
ESR requirements. For extremely low AVqyrt, an additional
LC filter stage can be added to the output of the supply.

Linear Technology’s Application Note 44 has some good
tips on sizing an additional output filter.

Output Voltage Programming

A resistive divider sets the DC output voltage according
to the following formula:

Vv
R2=R1 &—q
(1.250v

The external resistor divider is connected to the output of
the converter as shown in Figure 6.

L1
Vout

R2 Cout
X

FB
R1

- 3840 FO6

Figure 6. Output Voltage Feedback Divider

Tolerance of the feedback resistors will add additional er-
ror to the output voltage. The Vg pin input bias current
is typically 5nA, so use of extremely high value feedback
resistors results in a converter output that is slightly
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higher than expected. Bias current error at the output can
be estimated as:

AVouyr(gias) = SnA ¢ R2

Great care should be taken to route the Vg ling away from
noise sources, such as the inductor or the SW node.

Output Current Programming and Monitoring

The average current control loop of the LT3840 accurately
regulates the maximum output current of the switching
regulator. The default maximum differential sense volt-
age, Vsense(vax), is 50mV, but a voltage applied to the
ICTRL pin will program it lower. A OV to 1V range on
the ICTRL pin corresponds to OmV to 50mV differential
sense voltage. A way to provide the ICTRL programming
voltage is to connect a linear regulator or voltage divider
to the INTV¢c pin.

Once the maximum differential sense voltage is determined
the RgensE current sense resistor is calculated as follows:

VsENSEMAX)

loutax)

Selectacurrent sense resistor where the maximum power
dissipation rating is greater than the calculated power
dissipation:

RSENSE =

Po(rsensE) = Rsense * lout(max)?

The average current control loop is compensated at
the ICOMP pin with a resistor and capacitor connected
to GND.

The IMON pinisanaccurate output current monitor pin. The
LT3840 outputs a voltage that is 20 times the differential
sense voltage. A OmV to 50mV differential sense voltage
corresponds to a 0V to 1V IMON voltage. A capacitor on
the pin filters the voltage ripple due to the inductor ripple
current. Typical capacitor values on the pin range from
1000pF to 0.1pF. The larger the capacitor value, the lower
the ripple. The capacitor does not affect the average cur-
rent control loop.

Output Short-Circuit Current Foldback

The LT3840 defaults to a straight line current limit where
the short-circuit current is the same as the drop out cur-
rent. For applications that require current foldback in a

short-circuitload condition, a diode and resistor connected
fromVqyrtothe ICTRL pinisrecommended (see Figure7).

Vout

i
f

ICTRL  ssa0ro7

Figure 7. Output Short-Circuit Foldback Current Circuit

The foldback currentin short-circuit, loyr(sc), is calculated
as follows:

(Vep1) + /WA *R1)
20 *Rgense

louT(sc)

where Vg is the forward voltage on the diode D1 at ~7uA
current.

Internal Power Supply

The internal auxiliary supply requires three external com-
ponents (Cintvee, Cauxast and Lpwg) for operation, as
showninFigure 3. Cinyce, a4.7uF/10V ceramic capacitor,
bypasses INTV¢c. Cayxpst, @ 14F/10V ceramic capacitor,
connected between the AUXBST pinand the AUXSW1 pin,
provides bootstrapped drive to the internal switch.

A 33pH inductor with a saturation current greater than
0.6Ais recommended for most applications. The Coilcraft
ME3220-333 is a good fit.

Cgoost Capacitor Selection

The recommended value of the BOOST capacitor, CgoosT,
is at least 100 times greater than the total gate capacitance
of the topside MOSFET. Typical values for most applica-
tions range from 0.1pF to 1pF.

Soft-Start and Voltage Tracking

The desired soft-start time (tgg) is programmed via the
Csg capacitor as follows:

tSS b QUA
Css == 75

3840fa
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The soft-start capacitor is reset under fault conditions
including UVLO, EN, OVLO, overtemperature shutdown
and INTVgc UVLO. The soft-start pin is clamped through
adiode to the Vg pin. Therefore, the soft-start pin is reset
duringashort-circuit minimizing overshoot upon recovery.

EN, UVLO and OVLO

EN has a precision voltage threshold with hysteresis to
enable the LT3840 auxiliary bias supply and synchronous
controller. The pin is typically connected to V,y through a
resistor divider, however, it can be directly connected to
Vin- Alower voltage threshold on the EN pinis used to put
the LT3840 into a low quiescent current shutdown mode.

UVLO has a precision voltage threshold with hysteresis
to enable the LT3840 synchronous controller. The pin
is typically connected to Vy through a resistor divider,
however, it can be directly connected to Vy.

OVLO has a precision voltage threshold with hysteresis
to disable the LT3840 synchronous controller. The pin is
typically connected to Vi through aresistor divider. OVLO
can be directly connected to GND to disable the function.

Vi

A BN, uLo
OR OVLO
PIN
Rp

- 3840 FO8

Figure 8. Precision EN, UVLO and OVLO Resistor Divider

Resistors are chosen by first selecting Rg. Then calculate
Ra with the following formula:

V
<R (920101

VTHRESHoLD IS the Vyy referred voltage at which the supply
is enabled (UVLO and EN) or disabled (OVLO).

Switching Frequency Synchronization

The oscillator can be synchronized to an external clock.
Set the Ry resistor 15% below the lowest synchronized
frequency. The rising edge of the SYNC pin waveform
triggers the discharge of the internal oscillator capacitor.
If unused, connect the SYNGC pin to GND.

Layout Considerations Checklist

The following is a list of recommended layout consider-
ations:

* Locate the V)y, AUXVIN, INTV¢c, AUXBST and BOOST
pin bypass capacitors in close proximity to the LT3840.

 Create a solid GND plane, preferably on layer two of
the PCB.

* Minimize the hot loop. (See Figure 9)

* Use short wide traces for the MOSFET gate drivers (TG
and BG), as wellas, gate drive supplyand return (INTV¢g
and BOOST, BGRTN and SW).

 Connect the FB pin directly to the feedback resistors,
independent of any other nodes (i.e. SENSE*).

* Locate the feedback resistors in close proximity to the
LT3840 FB pin.

* Route the SENSE™ and SENSE* traces close together
and keep as short as possible.

 Solderthe LT3840exposed padtothe PCB. Add multiple
vias to connect the exposed pad to the GND plane.

* Per the manufacturer’s specification, add a sufficient
PCB pad around MOSFETs and inductor to dissipate

heat.
Vin
|C ! G
IN
I—BG

3840 FO9

Figure 9. Hot Loop Layout for Synchronous Buck Regulator
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Wide Input Range, High Power Qutput, 15V to 60V Input to 12V, 20A Qutput

VN _ o - -
15V T0 60V
| Ci WFE 2 33uH
68uF
| «2
- 887k AUXBST AUXSW1 _ AUXSW2
Vin INTVge
4.74F
AUXVIN = "W iNgaas
EN BOOST
L3840
uv e
l—
0VLO TG I 2/'21 RsEnse
L1,56uH  25mQ Yg\l;T
o " ! G R P T
c
SYNC BG —|'_T M2 A1 Court A 2
;q X2 50 T
MODE . o 1
RT SENSE* =
* Ve SENSE™
86.6k
TK/SS FB
20k 0.01yF 6D M1: INFINEON, BSC160N10NS3
M2: INFINEON, BSCO70N10NS3
4096 _[ 22000 | IMON___ICOMP___ICTRL 10k L1: VISHAY, IHLP6767GZERSREMA1
[ 22000 i - L2: COILCRAFT, ME3220-333KL
7.68k Ciy: SUNCON 100CE68FS
Couti: SANYO, 16SVPF560M
470pF Cout2: TAIYO YUDEN, EMK325BJ226MM-T
D1: DIODES INC. PDS5100H

3840 TA02

3840fa

L’ LJcDgég For more information www.linearcom/LT3840 1 9



http://www.linear.com/LT3840

LT3840

TYPICAL APPLICATIONS

Low Part Count Application, 6V to 60V Input to 5V, 10A Output

6V 10 60V I

GSuF

1uF

L2, 33pH

AUXBST AUXSW1  AUXSW2
Vin INTVge
4.7yF
AUXVIN =X ’ 1N4448
EN BOOST
LT3840
UVLO —— TWF
'_
0vVLO TG | M1 RsENSE
' L1560 5mg Vour
PG SW '_T NW\_‘,_:\N\,_T 5V
Cour  10A
o—] MODE
RT SENSE* =
Ve SENSE™ *
301k
TK/SS FB
GND
49.9k | 2200pF IMON _ ICOMP___ICTRL 100k M1: INFINEON, BSC160N10NS3
M2: INFINEON, BSCO70N1ONS3
470pF L1: VISHAY, IHLP5050
L2: COILCRAFT, ME3220-333KL
)\ Cin: SUNCON 100CE68FS
L Cout: SANYO, 16SVPC270M
_— 3840 TAO3
Low Voltage, High Current Output, 4V to 60V Input to 3.3V, 20A
4VT0 60V *
| Cin TWF L2, 33pH
68uF
= Sssrk
b= AUXBST AUXSW1  AUXSW2
Vin INTVgg
4.7uF
AUXVIN X l 1N4448
3 EN BOOST
$ 004 73840 1uE
UVLO e
'_
0OVLO TG I M1 SENSE
INTV —lw\,—174k PG sw LNYY\1 - i \SI%L\J/T
cC 4 VVv
>
320k ST ofl—— | = e L —LCoun _LCOUTz 20A
l— ;qxz f T560uF T 4
—] ODE ¢
RT SENSE* 7
Vg SENSE™ *
16.9k |
TK/SS FB A
| 0.01pF s M1: INFINEON, BSC160N10NS3
S S0k M2: INFINEON, BSCO70N10NS3
S 49.9k _| 20000F 100pF IMON  ICOMP  ICTRL b3 L1: WURTH, 7443556130
9 22000F L2: COILCRAFT, ME3220-333KL
J_ Pr <768k Cyy: SUNCON 100CE68FS
CouTi: SANYO, 16SVPF560M
| 470pF Courz: TAIYO YUDEN, EMK325BJ226MM-T
I D1: DIODES INC. PDS5100H
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PACKAGE DESCRIPTION

Please refer to hitp://www.linear.com/designtools/packaging/ for the most recent package drawings.
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PACKAGE DESCRIPTION

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

UFE Package
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NOTE:
1. DRAWING IS NOT A JEDEC PACKAGE OUTLINE
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 0.15mm 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
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 8/14 | Changed PG hysteresis 4
Modified schematic 20
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TYPICAL APPLICATION

Inverting Application, 24V Input to 15V, 10A

18V TO 36V o
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® ® )\
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RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS
LT3845A 60V, Low Iq, Single Output Synchronous Step-Down Synchronizable Fixed Frequency 100kHz to 600kHz, 4V <V, < 60V,
DC/DC Controller 1.23V < Vgyt < 36V, Ig = 120pA, TSSOP-16 Package
LT3844 60V, Low Iq, Single Qutput Step-Down DC/DC Controller | Synchronizable Fixed Frequency 50kHz to 600kHz, 4V < Vi < 60V,
1.23V < Vgyt < 36V, Ig = 120pA, TSSOP-16 Package
LTC3864 60V, Low I, Step-Down DC/DC Controller 100% Duty Selectable Fixed Frequency 200kHz to 600kHz, 3.5V < V) < 60V,
Cycle Capability 0.8V < Vout < Vin, Ig = 40pA, MSOP-10E Package
LTC3891 60V, Low lg, Synchronous Step-Down DC/DC Controller | Phase-Lockable Fixed Frequency 50kHz to 900kHz, 4V < Vi < 60V,
0.8V < Voyr <24V, Ig = 50pA
LTC3890/ 60V, Low lg, Dual 2-Phase Synchronous Step-Down Phase-Lockable Fixed Frequency 50kHz to 900kHz, 4V < Vi < 60V,
LTC3890-1/ DC/DC Controller 0.8V < Voyr < 24V, Ig = 50pA
LTC3890-2
LTC3859A Low Iq, Triple Output Buck/Buck/Boost Synchronous All Outputs Remain in Regulation Through Cold Crank, 2.5V < Vjy < 38V,
DC/DC Controller Voursucks) Up to 24V, Voyr(soos) Up to 60V, I = 27pA
LT8705 30V Vjy and Voyr Synchronous 4-Switch Buck-Boost Synchronizable Fixed Frequency 100kHz to 400kHz, 2.8V < V) < 80V,
Controller 1.3V < Vgyr < 30V, Four Regulation Loops
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