ANALOG
DEVICES LT8645S
65V, 8A Synchronous
Step-Down Silent Switcher 2
with 2.5uA Quiescent Current

NOW PART OF

L] TECHNOLOGY

FEATURES DESCRIPTION

® Silent Switcher® 2 Architecture The LT®8645S synchronous step-down regulator features
= Ultralow EMI/EMC Emissions on Any PCB second generation Silent Switcher architecture designed
= Eliminates PCB Layout Sensitivity to minimize EMI/EMC emissions while delivering high ef-
= |nternal Bypass Capacitors Reduce Radiated EMI  ficiency at high switching frequencies. This includes the
= (QOptional Spread Spectrum Modulation integration of bypass capacitors to optimize all the fast

= High Efficiency at High Frequency currentloopsinside and make it easy to achieve advertised
= Up to 95% Efficiency at 1MHz, 12V to 5Vgyr EMI performance by eliminating layout sensitivity. This
= Up to 94% Eficiency at 2MHz, 12Vyy to SVoyr performance makes the LT8645S ideal for noise sensitive

= Wide Input Voltage Range: 3.4V to 65V applications and environments.

= Ultralow Quiescent Current Burst Mode® Operation i .
m 2.5pA Io Regulating 12Vyy to 3.3Vgyr Thefast, clean, low-overshoot switching edges enable high

efficiency operation even at high switching frequencies,

® Qutput Ripple < 10mVp. ) O
P PpIe < PE leading to a small overall solution size. Peak current mode

Fast Minimum Switch On-Time: 40ns

| |

= Low Dropout Under All Conditions: 60mV at 1A control With a 40ns minimulm qn-time aIIovys high step

m Safely Tolerates Inductor Saturation in Overload down ratios even at high switching frequencies.

® Adjustable and Synchronizable: 200kHz to 2.2MHz Burst Mode operation enables ultralow standby current

= Peak Current Mode Operation consumption, pulse-skipping mode allows full switching

® Qutput Soft-Start and Tracking frequency at lower output loads, or spread spectrum op-

= Small 32-Lead 6mm x 4mm LQFN Package eration can further reduce EMI/EMC emissions. Soft-start
and tracking functionality is accessed via the TR/SS pin,
and an accurate input voltage UVLO threshold can be set

APPLICATIONS using the EN/UV pin. ACLKOUT pin enables synchronizing

= Automotive and Industrial Supplies other regulators to the LT8645S.

. -
General PU rpose Step DOWﬂ L7, LT, LTC, LTM, Linear Technology, the Linear logo, Silent Switcher and Burst Mode are

| | GSM POWBI‘ Supp”es registered trademarks of Analog Devices, Inc. All other trademarks are the property of their
respective owners.
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

(Note 1)
VING ENZUV o 65V TOP VIEW
PG e 42V g .
BIAS ..o 25V . 2 8 2 8
FB, TR/SS . oo 4V - 3“; ; ; ;9 :; ‘2’7 —
SYNC VORAGE ..o 6V I S S
Operating Junction Temperature Range (Note 2) i LT
LT8645SE ........cocveeeeeee, -40°C to 125°C Ll R R b
LT8643SI ..., -40°C to 125°C no sy o o0 0 Cadwe
Storage Temperature Range .................. -65°C to 150°C i [27 28 v
Maximum Reflow (Package Body) Temperature ...260°C v |57 . " Coolvw
Vi ;é::‘ GND GND ,::2’]: iy
Ne |7 {20 ne
GND |8 19]GND
””” 37 38
aNp |9 GND GND o )
GND [ 10 (_17] aND
AR AN
33113 3123 3133 3143 3153 3163
g % % = = =
LQFN PACKAGE
32-LEAD (6mm x 4mm x 0.94mm)
8a = 31°C/W, 8,(pap) = 6°C/W
EXPOSED PADS (PINS 33-38) ARE GND, SHOULD BE SOLDERED TO PCB

ORDER INFORMATION  nttp://www.linear.com/product/LT8645S #orderinfo

MSL
PART NUMBER PART MARKING* FINISH CODE | PAD FINISH PACKAGE TYPE** RATING | TEMPERATURE RANGE
LT8645SEV#PBF 86455V i -40°C to 125°C
ed Au (RoHS) LQFN (Laminate Package 3

LT8645SIV#PBF 86455V with QFN Footprint) -40°C t0 125°C
 Consult Mark_eting for parts specifieq with wider operating temperature e Terminal Finish Part Marking: www.linear.com/leadfree

ran%ejs. *Device temperature grade is indicated by a label on the shipping « Recommended PCB Assembly and Manufacturing Procedures:

container.

www.linear.com/umodule/pchassembly
 Package and Tray Drawings: www.linear.com/packaging
Parts ending with PBF are RoHS and WEEE compliant. **The LT8645S package has the same footprint as a standard 6mm x 4mm QFN Package.

* Pad finish code is per IPC/JEDEC J-STD-609.

GLGCTRKHL CHHRHCTGI“ST'CS 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
Minimum Input Voltage ] 3.0 3.4 V
Vi Quiescent Current Veny =0V 0.75 3 pA
o 0.75 10 pA

Veny = 2V, Not Switching, Vgyng = 0V 1.7 4 pA

[ 1.7 10 pA

Venpy = 2V, Not Switching, Vsyng = 2V, Ry = 60.4k 04 0.6 mA

86455f
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LT86A45S

GLGCTRKHL CHﬂﬂﬂCTGﬁISTICS 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
Vin Current in Regulation Vout = 0.8V, Viy = 6V, Output Load = 100pA o 17 60 HA
Vour = 0.8V, Viy = 6V, Output Load = TmA ° 200 400 HA
Feedback Reference Voltage Viy=6V 0.964 0.970 0.976 V
Vin=6V ® | 0958 0.970 0.982 v
Feedback Voltage Line Regulation Viy = 4.0V to 42V ® 0.004 0.025 %N
Feedback Pin Input Current Veig=1V -20 20 nA
BIAS Pin Current Consumption Vgias = 3.3V, foyw = 2MHz 22 mA
Minimum On-Time lLoap = 2A, SYNC = 0V ) 40 65 ns
lLoap = 2A, SYNC = 2V [ 40 60 ns
Minimum Off-Time 80 110 ns
Oscillator Frequency Ry =221k o 180 210 240 kHz
Rt =60.4k ° 665 700 735 kHz
Rr=18.2k o 1.8 1.95 2.1 MHz
Top Power NMOS On-Resistance Isw = 1A 36 mQ
Top Power NMOS Current Limit ) 10.5 14 17.5 A
Bottom Power NMOS On-Resistance Vintvee = 3.4V, Igw = 1A 25 mQ
Bottom Power NMOS Current Limit Vintvee = 3.4V 8.5 11 13.5 A
SW Leakage Gurrent Vin =42V, Vg = 0V, 42V -1.5 1.5 HA
EN/UV Pin Threshold EN/UV Rising () 0.95 1.01 1.07 V
EN/UV Pin Hysteresis 45 mV
EN/UV Pin Current Venuy =2V -20 20 nA
PG Upper Threshold Offset from Vg Vg Falling ° 5 7.5 10 %
PG Lower Threshold Offset from Vpg Vg Rising ® | -105 -8 -55 %
PG Hysteresis 0.4 %
PG Leakage Vpg = 3.3V -40 40 nA
PG Pull-Down Resistance Vpg =0.1V ) 750 2000 Q
SYNC/MODE Threshold SYNC/MODE DC and Clock Low Level Voltage o 0.7 0.9 v
SYNG/MODE Clock High Level Voltage ® 1.2 14 v
SYNC/MODE DC High Level Voltage o 2.2 2.55 2.9 v
Spread Spectrum Modulation Rt =60.4k, Vgyng = 3.3V 24 %
Frequency Range
Spread Spectrum Modulation Frequency | Vgync = 3.3V 2.5 kHz
TR/SS Source Current o 1.2 1.9 2.6 HA
TR/SS Pull-Down Resistance Fault Condition, TR/SS = 0.1V 220 Q

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.

Note 2: The LT8645SE is guaranteed to meet performance specifications
from 0°C to 125°C junction temperature. Specifications over the —40°C
to 125°C operating junction temperature range are assured by design,
characterization, and correlation with statistical process controls. The

L T8645SI is guaranteed over the full -40°C to 125°C operating junction

temperature range.

Ty=Ta+ (PD*Bya)

will reduce lifetime.

The junction temperature (Ty, in °C) is calculated from the ambient
temperature (T in °C) and power dissipation (PD, in Watts) according to
the formula:

where 65 (in °C/W) is the package thermal impedance.
Note 3: This IC includes overtemperature protection that is intended to
protect the device during overload conditions. Junction temperature will
exceed 150°C when overtemperature protection is active. Continuous
operation above the specified maximum operating junction temperature

86455f
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

BIAS (Pin1): The internal regulator will draw current from
BIAS instead of V| when BIAS is tied to a voltage higher
than 3.1V. For output voltages of 3.3V to 25V this pin
should be tied to V. If this pin is tied to a supply other
than Vgyt use a 1pF local bypass capacitor on this pin.
If no supply is available, tie to GND. However, especially
forhighinput or high frequency applications, BIAS should
be tied to output or an external supply of 3.3V or above.

INTV¢c (Pin 2): Internal 3.4V Regulator Bypass Pin. The
internal power drivers and control circuits are powered
from this voltage. INTVgg maximum output current is
25mA. Do not load the INTV g pin with external circuitry.
INTV¢c current will be supplied from BIAS if BIAS > 3.1V,
otherwise currentwillbe drawn from V. Voltage on INTV ¢
will vary between 2.8V and 3.4V when BIAS is between
3.0V and 3.6V. This pin should be floated.

NC (Pins 3, 7, 20, 24): No Connect. This pin is not con-
nected to internal circuitry and can be tied anywhere on
the PCB.

Viy (Pins 4, 5, 6, 21, 22, 23): The V,y pins supply cur-
rent to the LT8645S internal circuitry and to the internal
topside power switch. These pins must be tied together
and be locally bypassed with a capacitor of 4.7pF or more.
Be sure to place the positive terminal of the input capaci-
tor as close as possible to the Vjy pins, and the negative
capacitorterminalas close as possible tothe GND pins. See
the Applications Information section for a sample layout.

GND (Pins 8, 9, 10, 17, 18, 19, Exposed Pad Pins
33-38): Ground. Place the negative terminal of the input
capacitor as close to the GND pins as possible. See the
Applications Information section for a sample layout. The
exposed pads should be soldered to the PCB for good
thermal performance. If necessary due to manufacturing
limitations Pins 33 to 38 may be left disconnected, however
thermal performance will be degraded.

BST (Pin 11): This pin is used to provide a drive voltage,
higher than the input voltage, to the topside power switch.
This pin should be floated.

SW (Pins 12,13, 14,15, 16): The SW pins are the outputs
of the internal power switches. Tie these pins together and
connectthemtotheinductorand boost capacitor. This node
should be kept small on the PCB for good performance
and low EMI.

EN/UV (Pin 25): The LT8645S is shut down when this
pin is low and active when this pin is high. The hysteretic
threshold voltage is 1.00V going up and 0.96V going
down. Tie to Vy if the shutdown feature is not used. An
external resistor divider from Vy can be used to program
a Vy threshold below which the LT8645S will shut down.

RT (Pin 26): A resistor is tied between RT and ground to
set the switching frequency.

CLKOUT (Pin 27): In forced continuous mode, spread
spectrum, and synchronization modes, the CLKOUT pin
will provide a ~200ns wide pulse at the switch frequency.
The low and high levels of the CLKOUT pin are ground and
INTVc respectively, and the drive strength of the CLKOUT
pin is several hundred ohms. In Burst Mode operation,
the CLKOUT pin will be low. Float this pin if the CLKOUT
function is not used.

SYNC/MODE (Pin 28): This pin programs four different
operating modes: 1) Burst Mode. Tie this pin to ground
for Burst Mode operation at low output loads—this will
result in ultralow quiescent current. 2) Pulse-skipping
mode. This mode offers full frequency operation down to
low output loads before pulse skipping occurs. Float this
pin for pulse-skipping mode. When floating, pin leakage
currents should be <1pA. 3) Spread spectrum mode. Tie
this pin high to INTV¢g (~3.4V) or an external supply of
3V to 4V for pulse-skipping mode with spread spectrum
modulation. 4) Synchronization mode. Drive this pin with
a clock source to synchronize to an external frequency.
During synchronization the part will operate in pulse-
skipping mode.
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PIN FUNCTIONS

TR/SS (Pin 29): Output Tracking and Soft-Start Pin. This
pin allows user control of output voltage ramp rate during
start-up. ATR/SSvoltage below 0.97V forces the LT8645S
to regulate the FB pin to equal the TR/SS pin voltage. When
TR/SS is above 0.97V, the tracking function is disabled
and the internal reference resumes control of the error
amplifier. Aninternal 1.9pA pull-up currentfrom INTVgg on
this pin allows a capacitor to program output voltage slew
rate. This pin is pulled to ground with an internal 200Q
MOSFET during shutdown and fault conditions; use a series
resistor if driving from a low impedance output. This pin
may be left floating if the tracking function is not needed.

GND (Pin 30): Ground. Connect this pin to system ground
and to the ground plane.

PG (Pin 31): The PG pin is the open-drain output of an
internal comparator. PG remains low until the FB pin is
within +8% of the final regulation voltage, and there are
no fault conditions. PG is pulled low when EN/UV is below
1V, INTV¢¢ has fallen too low, Vyy is too low, or thermal
shutdown. PG is valid when V,y is above 3.4V.

FB (Pin 32): The LT8645S regulates the FB pin to 0.97V.
Connect the feedback resistor divider tap to this pin. Also,
connect a phase lead capacitor between FB and Vqyr.
Typically, this capacitor is 1pF to 10pF.

Corner Pins: These pins are for mechanical support only
and can be tied anywhere on the PCB, typically ground
or N/C.

- Vin 13 |
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Vin == []46 - s M T 20F -
C —] a IN1 - =
o e o " 200F | INTERNAL 0.97V REFl Y
= = = 3.4V BIAS
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oPT ; e
= OSCILLATOR I 2F
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[31 PG 8% 00kHz TO z—| 111
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D¢ pursT | [ swiren | [l 0.220F
Vour DETECT| | LOGIC ;q | aw L
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= SHON —_ SHOOT Cour
C1 SRt THERMAL SHON = THROUGH M2 Es
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OPERATION

The LT8645S is a monolithic, constant frequency, cur-
rent mode step-down DG/DC converter. An oscillator,
with frequency set using a resistor on the RT pin, turns
on the internal top power switch at the beginning of each
clock cycle. Current in the inductor then increases until
the top switch current comparator trips and turns off the
top power switch. The peak inductor current at which
the top switch turns off is controlled by the voltage on
the internal VC node. The error amplifier servos the VC
node by comparing the voltage on the Vg pin with an
internal 0.97V reference. When the load current increases
it causes a reduction in the feedback voltage relative to
the reference leading the error amplifier to raise the VC
voltage untilthe average inductor current matches the new
load current. When the top power switch turns off, the
synchronous power switch turns on until the next clock
cycle begins or inductor current falls to zero. If overload
conditions result in more than 11A flowing through the
bottom switch, the next clock cycle will be delayed until
switch current returns to a safe level.

The “S” in LT8645S refers to the second generation Silent
Switchertechnology. Thistechnology allows fast switching
edges for high efficiency at high switching frequencies,
while simultaneously achieving good EMI/EMC perfor-
mance. This includes the integration of ceramic capaci-
tors into the package for V,y, BST, and INTV (See Block
Diagram). These caps keep all the fast AC current loops
small, which improves EMI/EMC performance.

If the EN/UV pin is low, the LT8645S is shut down and
draws 1pA from the input. When the EN/UV pin is above
1V, the switching regulator will become active.

To optimize efficiency at light loads, the LT8645S operates
in Burst Mode operation in light load situations. Between
bursts, all circuitry associated with controlling the output
switch is shut down, reducing the input supply current to
1.7pA. In a typical application, 2.5pA will be consumed

from the input supply when regulating with no load. The
SYNC/MODE pin is tied low to use Burst Mode operation
and can be floated to use pulse-skipping mode. Ifaclock is
applied to the SYNC/MODE pin the part will synchronize to
an external clock frequency and operate in pulse-skipping
mode. Whilein pulse-skipping mode the oscillator operates
continuously and positive SW transitions are aligned to
the clock. During light loads, switch pulses are skipped
to regulate the output and the quiescent current will be
several hundred pA.

To improve EMI/EMC the LT8645S can operate in spread
spectrum mode. This feature varies the clock with a
triangular frequency modulation of +20%. For example,
if the LT8645S’s frequency is programmed to switch at
2MHz, spread spectrum mode will modulate the oscillator
between 2MHz and 2.4MHz. The SYNC/MODE pin should
be tied highto INTVg¢ (~3.4V) or an external supply of 3V
to 4V to enable spread spectrum modulation with pulse-
skipping mode.

To improve efficiency across all loads, supply current to
internal circuitry can be sourced from the BIAS pin when
biased at 3.3V orabove. Else, the internal circuitry will draw
current from Vy. The BIAS pin should be connected to
Vourifthe LT8645S outputis programmedat 3.3V t0 25V.

Comparators monitoring the FB pin voltage will pull the
PG pin low if the output voltage varies more than +8%
(typical) fromthe set point, orifafault conditionis present.

The oscillator reduces the LT8645S’s operating frequency
when the voltage at the FB pin is low. This frequency
foldback helps to control the inductor current when the
output voltage is lower than the programmed value which
occurs during start-up or overcurrent conditions. When a
clock is applied to the SYNC/MODE pin, the SYNC/MODE
pin is floated, or held DC high, the frequency foldback is
disabled and the switching frequency will slow down only
during overcurrent conditions.
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Low EMI PCB Layout Two small 0.47pF capacitors can be placed as close as
The LT8645S is specifically designed to minimize EMI/ 305?'b'%t°the§8645§h9“§ Capac.'ttomntﬁaﬁ“S'de"fl”‘e
EMC emissions and also to maximize efficiency when 46; I(I::e( ﬂ.PTp]’ OPhTZ)'l db I lcapgm orvg a arggrva ue,
switching at high frequencies. For optimal performance ~ /H" OF gNer, should be piaced near Lopr1 O Lopra:
the LT8645S should use multiple V,y bypass capacitors.  See Figure 1 for a recommended PCB layout.

86455 FO1
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Figure 1. Recommended PCB Layout for the LT8645S
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For more detail and PCB design files refer to the Demo
Board guide for the LT8645S.

Note that large, switched currents flow in the LT8645S V)
and GND pins and the input capacitors. The loops formed
by the input capacitors should be as small as possible by
placing the capacitors adjacent to the V,y and GND pins.
Capacitors with small case size such as 0603 or 0805 are
optimal due to lowest parasitic inductance.

The input capacitors, along with the inductor and output
capacitors, should be placed on the same side of the
circuit board, and their connections should be made on
that layer. Place a local, unbroken ground plane under the
application circuit on the layer closest to the surface layer.
The SWand BOOST nodes should be as small as possible.
Finally, keep the FB and RT nodes small so that the ground
traces will shield them from the SW and BOOST nodes.

The exposed pads on the bottom of the package should
be soldered to the PCB to reduce thermal resistance to
ambient. To keep thermalresistance low, extend the ground
plane from the GND pins as much as possible, and add
thermal vias to additional ground planes within the circuit
board and on the bottom side.

Burst Frequency
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Achieving Ultralow Quiescent Current (Burst Mode
Operation)

To enhance efficiency at light loads, the LT8645S oper-
ates in low ripple Burst Mode operation, which keeps the
output capacitor charged to the desired output voltage
while minimizing the input quiescent current and mini-
mizing output voltage ripple. In Burst Mode operation the
LT8645S delivers single small pulses of current to the
output capacitor followed by sleep periods where the
output power is supplied by the output capacitor. While
in sleep mode the LT8645S consumes 1.7pA.

As the output load decreases, the frequency of single cur-
rent pulses decreases (see Figure 2a) and the percentage
of time the LT8645S is in sleep mode increases, result-
ing in much higher light load efficiency than for typical
converters. By maximizing the time between pulses, the
converter quiescent current approaches 2.5pA for a typi-
cal application when there is no output load. Therefore,
to optimize the quiescent current performance at light
loads, the current in the feedback resistor divider must
be minimized as it appears to the output as load current.

Minimum Load to Full Frequency
(Pulse-Skipping Mode)

400
FRONT PAGE APPLICATION
350 }lour =1 EA\{_‘
SW= z
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= /
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& 200
ju }
o 150 /
3 /
100 /’
50 —
//
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Figure 2. SW Frequency vs Load Information in Burst Mode Operation (2a) and Pulse-Skipping Mode (2h)
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Inordertoachieve higher light load efficiency, more energy
must be delivered to the output during the single small
pulses in Burst Mode operation such that the LT8645S
can stay in sleep mode longer between each pulse. This
can be achieved by using a larger value inductor (i.e.,
4.7uH), and should be considered independent of switch-
ing frequency when choosing an inductor. For example,
while a lower inductor value would typically be used for
a high switching frequency application, if high light load
efficiency is desired, a higher inductor value should be
chosen. See curvein Typical Performance Characteristics.

While in Burst Mode operation the current limit of the top
switch is approximately 1.25A (as shown in Figure 3),
resultinginlow outputvoltage ripple. Increasing the output
capacitance will decrease output ripple proportionally. As
load ramps upward from zero the switching frequency
will increase but only up to the switching frequency pro-
grammed by the resistoratthe RT pinas shownin Figure 2a.

Switching Waveforms,
Burst Mode Operation

I
500mA/DIV »

Vsw
5V/DIV

86458 FO3

10ps/DIV

FRONT PAGE APPLICATION
12V TO 5Vgyt AT 10mA
Vsyne =0V

Figure 3. Burst Mode Operation

The output load at which the LT8645S reaches the pro-
grammed frequency varies based on input voltage, output
voltage, and inductor choice. To select low ripple Burst
Mode operation, tie the SYNC/MODE pin below 0.4V (this
can be ground or a logic low output).

Pulse-Skipping Mode

For some applications it is desirable for the LT8645S to
operate in pulse-skipping mode, offering two major differ-
ences from Burst Mode operation. First is the clock stays
awake at all times and all switching cycles are aligned to
the clock. In this mode much of the internal circuitry is
awake at all times, increasing quiescent current to several
hundred pA. Second is that full switching frequency is
reached at lower output load than in Burst Mode operation
(see Figure 2b). To enable pulse-skipping mode, float the
SYNC/MODE pin. Leakage current in this pin should be
<1pA. See Block Diagram for internal pull-up and pull-
down resistance.

Spread Spectrum Mode

The LT8645S features spread spectrumoperationto further
reduce EMI/EMC emissions. To enable spread spectrum
operation, the SYNC/MODE pin should be tied high to
INTV¢c (~3.4V) or an external supply of 3V to 4V. In this
mode, triangular frequency modulation is used to vary the
switching frequency between the value programmed by RT
toapproximately 20% higher than that value. The modula-
tion frequency is approximately 3kHz. For example, when
the LT8645S is programmed to 2MHz, the frequency will
vary from 2MHz to 2.4MHz at a 3kHz rate. When spread
spectrum operation is selected, Burst Mode operation is
disabled, and the part will run in pulse-skipping mode.

86455f
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Synchronization

To synchronize the LT8645S oscillator to an external
frequency, connect a square wave to the SYNG/MODE
pin. The square wave amplitude should have valleys that
are below 0.4V and peaks above 1.5V (up to 6V), with a
minimum on-time and off-time of 50ns.

The LT8645S will not enter Burst Mode operation at low
output loads while synchronized to an external clock, but
instead will pulse-skip to maintain regulation. The LT8645S
may be synchronized over a 200kHz to 2.2MHz range.
The RT resistor should be chosen to set the LT8645S
switching frequency equal to or below the lowest synchro-
nization input. For example, if the synchronization signal
will be 500kHz and higher, the RT should be selected for
500kHz. The slope compensation is set by the RT value,
while the minimum slope compensation required to avoid
subharmonic oscillations is established by the inductor
size, input voltage, and output voltage. Since the syn-
chronization frequency will not change the slopes of the
inductor current waveform, if the inductor is large enough
to avoid subharmonic oscillations at the frequency set by
RT, then the slope compensation will be sufficient for all
synchronization frequencies.

The LT8645S does not operate in forced continuous mode
regardless of SYNG/MODE signal.

FB Resistor Network

The output voltage is programmed with a resistor divider
between the output and the FB pin. Choose the resistor
values according to:

R1=R2(M-1) (1)
0.97V

Reference designators refer to the Block Diagram. 1%
resistors are recommended to maintain output voltage
accuracy.

Iflowinput quiescentcurrentand good light-load efficiency
are desired, use large resistor values for the FB resistor
divider. The current flowing in the divider acts as a load
current, and will increase the no-load input current to the
converter, which is approximately:

_ Vour [ Vour |(1

la 1'7UA+(R1+R2)( Vi )(n) (2)
where 1.7pA is the quiescent current of the LT8645S and
the second term is the current in the feedback divider
reflected to the input of the buck operating at its light
load efficiency n. Fora 3.3V application with R1 = 1M and
R2 = 412k, the feedback divider draws 2.3pA. With Vjy =
12V and n = 80%, this adds 0.8pA to the 1.7pA quiescent
current resulting in 2.5pA no-load current from the 12V
supply. Note that this equation implies that the no-load

current is a function of Vy; this is plotted in the Typical
Performance Characteristics section.

When using large FB resistors, a 1pF to 10pF phase-lead
capacitor should be connected from Vgyr to FB.

Setting the Switching Frequency

The LT8645S uses a constant frequency PWMarchitecture
that can be programmed to switch from 200kHz to 2.2MHz
by using a resistor tied from the RT pin to ground. A table
showing the necessary Ry value for a desired switching
frequency is in Table 1.

The Ry resistor required for a desired switching frequency
can be calculated using:
46.5
Ry=—--52
fow (3)

where Ry is in kQ and fgyy is the desired switching fre-
quency in MHz.
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Table 1. SW Frequency vs Ry Value

fsw (MHz) Ry (k)
0.2 232
0.3 150
0.4 110
05 88.7
0.6 7.5
0.7 60.4
0.8 52.3
1.0 412
1.2 33.2
1.4 28.0
1.6 23.7
1.8 20.5
2.0 17.8
2.2 15.8

Operating Frequency Selection and Trade-0Offs

Selection of the operating frequency is a trade-off between
efficiency, component size, and input voltage range. The
advantage of high frequency operationis that smallerinduc-
tor and capacitor values may be used. The disadvantages
are lower efficiency and a smaller input voltage range.

The highest switching frequency (fsw(max)) for a given
application can be calculated as follows:

Vout + Vsw(gor) @
tonminy (VIN —Vsw(Top) + VSW(BOT))

fswvax) =

where V) is the typical input voltage, Voyr is the output
voltage, Vswrop) and Vswgor) are the internal switch
drops (~0.3V, ~0.2V, respectively at maximum load) and
ton(mviny is the minimum top switch on-time (see the Elec-
trical Characteristics). This equation shows that a slower
switching frequency is necessary to accommodate a high
Vin/Voyr ratio.

For transient operation, Vyy may go as high as the abso-
lute maximum rating of 65V regardless of the Ry value,
however the LT8645S will reduce switching frequency
as necessary to maintain control of inductor current to
assure safe operation.

The LT8645S is capable of a maximum duty cycle of ap-
proximately 99%, and the Vy-to-Vgyt dropout is limited
by the Rps(on) of the top switch. Inthis mode the LT8645S
skips switch cycles, resulting inalower switching frequency
than programmed by RT.

For applications that cannot allow deviation from the pro-
grammed switching frequency at low V,y/Voyr ratios use
the following formula to set switching frequency:

Vout +Vsw(got

) —Vsw(gor) + Vsw(top) (5)

V =
IN(MIN) 1_fSW-t0FF(M|N)

where Viyminy is the minimum input voltage without
skipped cycles, Voyr is the output voltage, Vswtop) and
Vswgor) are the internal switch drops (~0.3V, ~0.2V,
respectively at maximum load), fgyy is the switching fre-
quency (set by RT), and torr(miny is the minimum switch
off-time. Note that higher switching frequency willincrease
the minimum input voltage below which cycles will be
dropped to achieve higher duty cycle.

Inductor Selection and Maximum Qutput Current

The LT8645S is designed to minimize solution size by
allowing the inductor to be chosen based on the output
load requirements of the application. During overload
or short-circuit conditions the LT8645S safely tolerates
operation with a saturated inductor through the use of a
high speed peak-current mode architecture.

A good first choice for the inductor value is:

L Vout + Vsw(goT) <04 6
fsw

where fgyy is the switching frequency in MHz, Vgt is the
outputvoltage, Vsw(gor) is the bottom switch drop (~0.2V)
and L is the inductor value in pH.
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Toavoid overheating and poor efficiency, aninductor must
be chosen with an RMS current rating that is greater than
the maximum expected output load of the application. In
addition, the saturation current (typically labeled Igat)
rating of the inductor must be higher than the load current
plus 1/2 of in inductor ripple current:

]
I (PEAK) = lLoAD(MAX) + EAlL (7)

where Al is the inductor ripple current as calculated in
Equation 9 and I gap(max) is the maximum output load
for a given application.

As a quick example, an application requiring 2A output
should use an inductor with an RMS rating of greater than
2A and an Iga7 of greater than 3A. During long duration
overload or short-circuit conditions, the inductor RMS
rating requirement is greater to avoid overheating of the
inductor. To keep the efficiency high, the series resistance
(DCR) should be less than 0.02€, and the core material
should be intended for high frequency applications.

The LT8645S limits the peak switch current in order to
protect the switches and the system from overload faults.
The top switch currentlimit (I, ) is 14Aat low duty cycles
and decreases linearly to 11.5A at DC = 0.9. The induc-
tor value must then be sufficient to supply the desired
maximum output current (loyr(max)), Which is a function
of the switch current limit (I ;) and the ripple current.

Al
loutmax) =ILim —7L (8)

The peak-to-peak ripple current in the inductor can be
calculated as follows:

V, Y/
A|L= OUT o 1- ouT 9
Letow Vingmax) )

where fgyy is the switching frequency of the LT8645S, and
L is the value of the inductor. Therefore, the maximum
output current that the LT8645S will deliver depends on
the switch current limit, the inductor value, and the input
and output voltages. The inductor value may have to be
increased if the inductor ripple current does not allow
sufficient maximum output current (loyr(max)) given the

switching frequency, and maximum input voltage used in
the desired application.

When operating at high V) (greater than 40V) and at a
frequency and duty cycle that would require a switch on-
time of less than 100ns, choose an inductor such that the
Al is greater than 1.5Ain orderto prevent duty cycle jitter.

Inordertoachieve higher light load efficiency, more energy
must be delivered to the output during the single small
pulses in Burst Mode operation such that the LT8645S
can stay in sleep mode longer between each pulse. This
can be achieved by using a larger value inductor (i.e.,
4.7pH), and should be considered independent of switch-
ing frequency when choosing an inductor. For example,
while a lower inductor value would typically be used for
a high switching frequency application, if high light load
efficiency is desired, a higher inductor value should be
chosen. See curve in Typical Performance Characteristics.

The optimum inductor for a given application may differ
from the one indicated by this design guide. Alarger value
inductor provides a higher maximum load current and re-
duces the output voltage ripple. For applications requiring
smallerload currents, the value of theinductor may be lower
and the LT8645S may operate with higher ripple current.
This allows use of a physically smaller inductor, or one
with a lower DCR resulting in higher efficiency. Be aware
that low inductance may result in discontinuous mode
operation, which further reduces maximum load current.

For more information about maximum output current
and discontinuous operation, see Linear Technology’s
Application Note 44.

Finally, for duty cycles greater than 50% (Voyt/Vin>0.5),
aminimum inductance is required to avoid sub-harmonic
oscillation. See Application Note 19.

Input Capacitors

The V,y of the LT8645S should be bypassed with at least
three ceramic capacitors for best performance. Two small
ceramic capacitors of 0.47yF can be placed close to the
part; one on each side of the device (Copr1, Copro). These
capacitors should be 0603 or 0805 in size. For automotive
applications requiring 2 series input capacitors, two small
0603 or 0805 may be placed at each side of the LT8645S.
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Athird, larger ceramic capacitor of 4.7F or larger should
be placed close to Cgpyy 0r Copro. See layout section for
more detail. X7R or X5R capacitors are recommended for
best performance across temperature and input voltage
variations.

Note that larger input capacitance is required when alower
switching frequency is used. If the input power source has
high impedance, or there is significant inductance due to
long wires or cables, additional bulk capacitance may be
necessary. This can be provided with a low performance
electrolytic capacitor.

A ceramic input capacitor combined with trace or cable
inductance forms a high quality (under damped) tank cir-
cuit. Ifthe LT8645S circuitis plugged intoalive supply, the
input voltage can ring to twice its nominal value, possibly
exceeding the LT8645S’s voltage rating. This situation is
easilyavoided (see Linear Technology Application Note 88).

Output Capacitor and Output Ripple

The output capacitor has two essential functions. Along
with the inductor, it filters the square wave generated by
the LT8645S to produce the DC output. In this role it
determines the output ripple, thus low impedance at the
switching frequency is important. The second function
is to store energy in order to satisfy transient loads and
stabilize the LT8645S’s control loop. Ceramic capacitors
have very low equivalent series resistance (ESR) and
provide the best ripple performance. For good starting
values, see the Typical Applications section.

Use X5R or X7R types. This choice will provide low output
rippleand good transient response. Transient performance
can be improved with a higher value output capacitor and
the addition of a feedforward capacitor placed between
Vout and FB. Increasing the output capacitance will also
decrease the output voltage ripple. A lower value of output
capacitor can be used to save space and cost but transient
performance will sufferand may cause loop instability. See
the Typical Applications in this data sheet for suggested
capacitor values.

When choosing a capacitor, special attention should be
giventothe datasheetto calculate the effective capacitance
underthe relevant operating conditions of voltage biasand
temperature. A physically larger capacitor or one with a
higher voltage rating may be required.

Ceramic Capacitors

Ceramic capacitors are small, robust and have very low
ESR. However, ceramic capacitors can cause problems
when used with the LT8645S due to their piezoelectric
nature. When in Burst Mode operation, the LT8645S’s
switching frequency depends on the load current, and
at very light loads the LT8645S can excite the ceramic
capacitor at audio frequencies, generating audible noise.
Since the LT8645S operates atalower current limit during
Burst Mode operation, the noise is typically very quietto a
casual ear. If this is unacceptable, use a high performance
tantalum or electrolytic capacitor at the output. Low noise
ceramic capacitors are also available.

Afinal precaution regarding ceramic capacitors concerns
the maximum input voltage rating of the LT8645S. As
previously mentioned, aceramic input capacitor combined
with trace or cable inductance forms a high quality (un-
derdamped) tank circuit. If the LT8645S circuit is plugged
into a live supply, the input voltage can ring to twice its
nominal value, possibly exceeding the LT8645S’s rating.
This situation is easily avoided (see Linear Technology
Application Note 88).

Enable Pin

The LT8645S is in shutdown when the EN pin is low and
active when the pin is high. The rising threshold of the EN
comparatoris 1.01V, with 45mV of hysteresis. The EN pin
can be tied to V) if the shutdown feature is not used, or
tied to a logic level if shutdown control is required.

Adding a resistor divider from Vjy to EN programs the
LT8645S to regulate the output only when Vy is above
a desired voltage (see the Block Diagram). Typically, this
threshold, Viyen), is used in situations where the input
supply is current limited, or has a relatively high source
resistance. A switching regulator draws constant power
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from the source, so source current increases as source
voltage drops. This looks like a negative resistance load
to the source and can cause the source to current limit or
latch low under low source voltage conditions. The Viyen)
threshold prevents the regulator from operating at source
voltages where the problems might occur. This threshold
can be adjusted by setting the values R3 and R4 such that
they satisfy the following equation:
R3

Vingen) = (mn)-mmv (10)

where the LT8645S will remain off until Vi is above Viy en).-
Duetothe comparator’s hysteresis, switching will not stop
until the input falls slightly below Vyy .

When operating in Burst Mode operation for light load
currents, the current through the Vyygn) resistor network
can easily be greater than the supply current consumed
by the LT8645S. Therefore, the Viyen) resistors should
be large to minimize their effect on efficiency at low loads.

INTV¢c Regulator

Aninternal low dropout (LDO) regulator produces the 3.4V
supply from V,y that powers the drivers and the internal
bias circuitry. The INTVg can supply enough current for
the LT8645S’s circuitry. To improve efficiency the internal
LDOcanalsodraw currentfromthe BIAS pinwhenthe BIAS
pin is at 3.1V or higher. Typically the BIAS pin can be tied
to the output of the LT8645S, or can be tied to an external
supply of 3.3V or above. If BIAS is connected to a supply
other than Vgyr, be sure to bypass with a local ceramic
capacitor. If the BIAS pin is below 3.0V, the internal LDO
willconsume currentfrom V. Applications with highinput
voltage and high switching frequency where the internal
LDO pulls current from V,y will increase die temperature
because of the higher power dissipation across the LDO.
Do not connect an external load to the INTVgg pin.

Output Voltage Tracking and Soft-Start

The LT8645S allows the userto programits output voltage
ramp rate by means of the TR/SS pin. An internal 1.9pA
pulls up the TR/SS pin to INTV¢c. Putting an external
capacitor on TR/SS enables soft starting the output to pre-
ventcurrentsurge ontheinput supply. During the soft-start
ramp the output voltage will proportionally track the TR/SS
pin voltage. For output tracking applications, TR/SS can
be externally driven by another voltage source. From 0V to
0.97V, the TR/SS voltage will override the internal 0.97V
reference input to the error amplifier, thus regulating the
FB pin voltage to that of TR/SS pin. When TR/SS is above
0.97V, tracking is disabled and the feedback voltage will
regulate to the internal reference voltage. The TR/SS pin
may be left floating if the function is not needed.

An active pull-down circuit is connected to the TR/SS pin
which will discharge the external soft-start capacitor in
the case of fault conditions and restart the ramp when the
faults are cleared. Fault conditions that clear the soft-start
capacitor are the EN/UV pin transitioning low, Vy voltage
falling too low, or thermal shutdown.

Output Power Good

When the LT8645S’s output voltage is within the +8%
window of the regulation point, the output voltage is
considered good and the open-drain PG pin goes high
impedance and is typically pulled high with an external
resistor. Otherwise, the internal pull-down device will pull
the PG pin low. To prevent glitching both the upper and
lower thresholds include 0.4% of hysteresis. PG is valid
when V) is above 3.4V

The PG pin is also actively pulled low during several fault
conditions: EN/UV pin is below 1V, INTV¢¢ has fallen too
low, V) is too low, or thermal shutdown.
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Shorted and Reversed Input Protection

The LT8645S willtolerate a shorted output. Several features
are used for protection during output short-circuit and
brownout conditions. The first is the switching frequency
will be folded back while the output is lower than the set
point to maintain inductor current control. Second, the
bottom switch current is monitored such that if inductor
current is beyond safe levels switching of the top switch
will be delayed until such time as the inductor current
falls to safe levels.

Frequency foldback behavior depends on the state of the
SYNC pin: If the SYNC pin is low the switching frequency
will slow while the output voltage is lower than the pro-
grammed level. If the SYNC pin is connected to a clock
source, floated, or tied high, the LT8645S will stay at the
programmed frequency without foldback and only slow
switching if the inductor current exceeds safe levels.

Thereisanother situationto considerinsystems wherethe
output will be held high when the input to the LT8645S is
absent. This may occur in battery charging applications or
in battery-backup systems where a battery or some other
supply is diode ORed with the LT8645S’s output. Ifthe Vi

pin is allowed to float and the EN pin is held high (either
by a logic signal or because it is tied to V)y), then the
LT8645S’s internal circuitry will pull its quiescent current
through its SW pin. This is acceptable if the system can
tolerate several pA in this state. If the EN pin is grounded
the SW pin current will drop to near 1pA. However, if the
Vi pinis grounded while the output is held high, regard-
less of EN, parasitic body diodes inside the LT8645S
can pull current from the output through the SW pin and
the Viy pin. Figure 4 shows a connection of the V;y and
EN/UV pins that will allow the LT8645S to run only when
the input voltage is present and that protects against a
shorted or reversed input.

D1

Vi JP Vin
LT8645S
EN/UV
— GND
8645S F04

Figure 4. Reverse Vy Protection
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Thermal Considerations

For higher ambient temperatures, care should be taken in
the layout of the PCB to ensure good heat sinking of the
LT8645S. The ground pins on the bottom of the package
should be soldered to a ground plane. This ground should
be tied to large copper layers below with thermal vias;
these layers will spread heat dissipated by the LT8645S.
Placing additional vias can reduce thermal resistance
further. The maximum load current should be derated
as the ambient temperature approaches the maximum
junction rating. Power dissipation within the LT8645S
can be estimated by calculating the total power loss from
an efficiency measurement and subtracting the inductor
loss. The die temperature is calculated by multiplying the
LT8645S power dissipation by the thermal resistance from
junction to ambient.

The internal overtemperature protection monitors the
junction temperature of the LT8645S. If the junction
temperature reaches approximately 180°C, the LT8645S
will stop switching and indicate a fault condition until the
temperature drops about 10°C cooler.

Temperature rise of the LT8645S is worst when operating
at high load, high Vy, and high switching frequency. If
the case temperature is too high for a given application,
then either V), switching frequency, or load current can
be decreased to reduce the temperature to an acceptable
level. Figure 5 shows examples of how case temperature
rise can be managed by reducing V,y, switching frequency,
or load.

The LT8645S’s top switch current limit decreases with
higher duty cycle operation for slope compensation. This
also limits the output current the LT8645S can deliver for
a given application. See curve in the Typical Performance
Characteristics section.
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Figure 5. Case Temperature Rise
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Vin SW 5V
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—>| SYNC/MODE ~ BIAS |—¢ 47yF
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BST, INTVg TR/SS - 1210
| RT FB X5R/X7R
10nF %
_|_ 88.7k e 243k
l 8645S FO6
fiw = 500kHz Ra
L: LHMI-8040
Figure 6. 5V 8A Step-Down Converter with Soft-Start and Power Good
Vin 3.3uH Vout
38VT065V ] I Vin SW gfv
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| LT8645S  pg ]
= <«—{cLKkout o .
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Y TR/SS -1 1210
| RT FB X5R/X7R
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| l 8645S FO7
fow = 500kHz L
L: LHMI-8040 -
Figure 7. 3.3V, 8A Step-Down Converter with Soft Start and Power Good
FB1
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IN P o o
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Figure 8. Ultralow EMI 5V, 8A Step-Down Converter with Spread Spectrum
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Figure 9. 2MHz 5V, 8A Step-Down Converter
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Figure 10. 2MHz 3.3V, 8A Step-Down Converter
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Figure 11. 12V, 8A Step-Down Converter
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/product/LT8645S#packaging for the most recent package drawings.
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1.8V, 8A Step-Down Converter
3.4V T0 30V v SW 1.8V
(65V TRANSIENT) ATUF " 8A
T " EN/UV . EXTERNAL
= 865 - F SOURCE >3.1V
-_I— OR GND J__ﬂ
PINS NOT USED IN THIS CIRCUIT: - T4.7pF ‘%BGGk guF
EEIOUT RT FB & —T 1210
INTV¢e X5R/X7R
PG 41.2k
SYNG/MODE GND ™
TR/SS L 86455 TA0?
fow = 1MHz _L_
L: XEL6030
PART NUMBER | DESCRIPTION COMMENTS
LT8640S 42V, 6A Synchronous Step-Down Silent Switcher 2 with 2.5uA Quiescent

Ving i - 3.4V, Vour(max) = 42V, VOUTE\/III\? =0.97V,
A, -24

Current lg=2 Isp < 1pA, 4mm x 4mm LQFN

L T8640/ 42V, 5A, 96% Efficiency, 3MHz Synchronous MicroPower Step-Down Vinuiny = 3.4V, Vinguax) = 42V, Vouriny = 0.97V,

LT8640-1 DC/DC Converter with Ig = 2.5pA lg=2. 5)uA Isp < 1uA Smm x 4mm QFN-18

LT8641 65V, 3.5A, 95% Efficiency, 3MHz Synchronous MicroPower Step-Down Vinguiny = 3V, Vingmax) = 65V, Vourwiny = 0.81V,
DC/DC Converter with 1q = 2.5pA lg=2. 5}uA Isp < {uA 3mm x 4mm QFN-18

LT8609/ 42V, 2A, 94% Efficiency, 2.2MHz Synchronous MicroPower Step-Down Vingainy = 3V, Vinguax) = 42V, VOUT(MW) =0.8v,

LT8609A DC/DC Converter with 1g = 2.5uA lg=2. 5)uA Isp < {uA MSOP-10E

LT8610A/ 42V, 3.5A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Vingwiny = 3.4V, Vingwax) = 42V, Voutminy = 0.97V,

LT8610AB DC/DC Converter with 1g = 2.5pA lg=2. 5)uA Isp < 1uA SOP-16E

LT8610AC 42V, 3.5A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Viyayiny = 3V, Vingmax) = 42V, VOUT(M|N) =0.8V,
DC/DC Converter with 1g = 2.5pA lg=2. 5)|,IA Isp < {uA MSOP-16E

LT8610 42V, 2.5A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Vinauiny = 3.4V, Vinguax) = 42V, Vourminy = 0.97V,
DC/DC Converter with 1g = 2.5pA lg=2. 5)uA Isp < 1uA SOP-16E

LT8611 42V, 2.5A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Vinauiny = 3.4V, Vinuax) = 42V, Voutiny = 0.97V,
DC/DC Converter with 1g = 2.5pA and Input/Output Current Limit/Monitor | Iq = 2. 5)uA Isp < 1uA Smm x 5mm QFN %

LT8616 42V, Dual 2.5A + 1.5A, 95% Efficiency, 2.2MHz Synchronous MicroPower | Viyainy = 3.4V, Vinmax) = 42V, Voutminy = 0.8V,
Step-Down DC/DC Converter with lq = 5pA lq =5pA, Igp < 1pA, TSSOP-28E, Smm x émm QFN-28

L 78620 65V, 2.5A, 94% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Vininy = 3.4V, Vinguax) = 65V, Voutguiny = 0.97V,
DC/DC Converter with 1q = 2.5A lg=2. 5)uA Isp < 1uA SOP-16E, 3mm x 5mm QFN-24

LT8614 42V, 4A, 96% Efficiency, 2.2MHz Synchronous Silent Switcher Step-Down | Vinguiny = 3.4V, Vingwax) = 42V, Voutminy = 0.97V,
DC/DC Converter with 1g = 2.5pA lg=2. 5)|,IA Isp < 1uA 3mm x 4mm QFN18

LT8612 42V, 6A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down Vingainy = 3.4V, Vinwax) = 42V, Voutminy = 0.97V,
DC/DC Converter with 1g = 2.5pA Ig =3.0uA, Igp < TpA, 3mm x 6mm Q N-&S

LT8613 42V, 6A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down Vingainy = 34V, Vingax) = 42V, Vourminy = 0.97V,
DC/DC Converter with Current Limiting Ig =3.0uA, Igp < TpA, 3mm x 6mm Q N-%S

LT8602 42V, Quad Output (2.5A + 1.5A + 1.5A + 1.5A) 95% Efficiency, 2.2MHz 0.8V,

Synchronous MicroPower Step-Down DC/DC Converter with Iq = 25pA

Ving Mng) 3V, VIN{I\/IAX =42V, Vour(miny =
lg = 2.50A, Isp < TuA, 6mm x 6mm QFN-40
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