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NOW PART&FNALOG
42\ Quud Monholithic
Syhchronhous Step-Down
Regulator
FEATURES DESCRIPTION

m Flexible Power Supply System Providing Four
Outputs with a Wide Input Range
= Two High Voltage Synchronous Buck Regulators:
3V to 42V Input Voltage Range
Output Currents Up to 2.5A and 1.5A
High Efficiency Up to 93%
Two Low Voltage Synchronous Buck Regulators:
2.6V to 5.5V Input Voltage Range
Output Currents Up to 1.8A and 94% Efficiency
Resistor Programmable and Synchronizable
250kHz to 2.2MHz Switching Frequency
Low Ripple Burst Mode® Operation:
30pA Ig at 12V
Output Ripple < 15mV
Programmable Power-On Reset
Power Good Indicators
2-Phase Clock Reduces Input Current Ripple
Available in Thermally Enhanced 40-Lead QFN
(6mm x 6mm) or 48-Lead (7mm x 7mm) LQFP Packages

APPLICATIONS

® Automotive Systems
m Distributed Supply Regulation
® [ndustrial Controls and Power Supplies

The LT®8602 is a quad channel, current mode, monolithic
buck switching regulator with a programmable power-on
reset. All regulators are synchronized to a single oscillator
with an adjustable frequency from 250kHz to 2.2MHz. The
LT8602 can be configured for micropower Burst Mode
operation or pulse-skipping operation at light load. Mi-
cropower operation results in quiescent current of 30pA
with all four regulators operating in the application below.

The high voltage channels are synchronous buck regula-
tors that operate from an input of 3V to 42V. The output
currents are up to 1.5A (OUT1) and 2.5A (OUT2). The
low voltage channels operate from an input of 2.6V to
5.5V. Internal synchronous power switches provide high
efficiency with output currents up to 1.8A. The LT8602
usesa2-phase clock with channels 1and 3 operating 180°
from channels 2 and 4 to reduce input ripple current on
both HV and LV inputs. All channels have cycle-by-cycle
currentlimit, providing protection againstshorted outputs.
Thermal shutdown provides additional protection.

The LT8602 is available in either a 40-lead 6mm x 6mm
QFN or a 48-Lead 7mm x 7mm LQFP package.

L7, LT LTC, LTM, Linear Technology, the Linear logo and Burst Mode are registered trademarks
of Analog Devices, Inc. All other trademarks are the property of their respective owners.
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LT8602

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltages BIAS VOIRAQe ..., -0.3Vto 15V

ViNy PVIN.2 e, -0.3Vto 42V  Operating Junction Temperature (Notes 2, 3)

PVING 4 voreeeersoeessreessreessreesseersoe —0.3V10 BV LTBB02E oo ~40°C to 125°C
PG1-4, SYNC, TRKSS1-2, RUN3-4, RST Voltages........ 6V LT8BO2! ... -40°C to 125°C
RT, FB1-4, CPOR, POREN Voltages............ccccou....... 3.6V Storage Temperature Range .................. -65°C to 150°C
EN/UVLO VORAQE.......covceeveeecceeece e 42V

TOP VIEW _ TOPVIEW
SEE5rpo08 5125 2529232959385
140]139]138;137,136;135,134]133]132]131]
A00AANNANTNA,
N I ) B PG1 1 —136 CPOR
= [ GND 2] —135 RUN3
swifs] | L L28] NTvge GND 3C— i | —134 RT
ol L AE= . =
BST2| 5 i a | (26] FB1 BST1 6 L } =5
51 GND o BST2 7 —130 GND
swels; | : G SW2 8 C— : : 129 FB2
swzf7! | | lo4] B4 Sw2 9] [ : 128 FB4
- | — GND 10 —— e 127 VIN
S I ] GND 11— —126 EN/UVLO
Gwofo! oo b 122) enuvio BIAS 12 ] —125 TRKSST
BIAS 10! i21] TRKSS /
[11}(121{131[141{151{161{171{181{191120} I_I I_I I_I I_I I_I I_I I_I I_I I_I I_I I_I I_I
= lﬂ-wiiwmoiwgg
UJ PACKAGE LXE PACKAGE 8
40-LEAD (6mm x 6mm) PLASTIC QFN 48-LEAD (7mm x 7mm) PLASTIC LQFP
8¢ = 2°G/W, 64 = 33°C/W 04 = 20°CAW
EXPOSED PAD (PIN 41) IS GND, MUST BE SOLDERED TO PCB EXPOSED PAD (PIN 49) IS GND, MUST BE SOLDERED TO PCB

OBDGB |nFOBmﬂTlon http://www.linear.com/product/LT8602#orderinfo

TAPE AND REEL (QFN)/ MSL
LEAD FREE FINISH | TRAY (LXE) PART MARKING* | PACKAGE DESCRIPTION RATING | TEMPERATURE RANGE
LT8602EUJ#PBF LT8602EUJ#TRPBF LT8602UJ 40-Lead (6mm x 6mm) Plastic QFN 1 -40°C to 125°C
LT8602IUJ#PBF LT8602IUJ#TRPBF LT8602UJ 40-Lead (6mm x 6mm) Plastic QFN 1 -40°C to 125°C
LT8602ELXE#PBF LT8602ELXE#TRPBF LT8602LXE 48-Lead (7mm x 7mm) Plastic eLQFP 3 -40°C to 125°C
LT8602ILXE#PBF LT8602ILXE#TRPBF LT8602LXE 48-Lead (7mm x 7mm) Plastic eLQFP 3 -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.
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/. Some packages are available in 500 unit reels through
designated sales channels with #TRMPBF suffix.
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LT8602

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. V| = PVjn1 = PVjy2 = 12V, EN/UVLO = 3V, PV y3 = PV|y4 = 3.3V

unless otherwise noted. (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Minimum Operating Voltage o 2.7 3 v
Minimum Operating Voltage, to Start [ 3.1 35 v
Vy Quiescent Current, Shutdown EN/UVLO = 0.4V 0.1 1 HA
Vy Quiescent Current, Operating No Load (Note 4) 30 HA
100pA on Vgyro (Note 4) 70 HA
EN/UVLO Threshold EN/UVLO Rising 1.15 1.2 1.25 v
EN/UVLO Hysteresis 50 mV
EN/UVLO Input Current EN/UVLO = 2V -40 40 nA
Oscillator
Switching Frequency Rt =28.9k o 1.8 2 2.2 MHz
Rt = 254k 0.225 0.25 0.275 MHz
SYNC Input Frequency Range ® 0.25 2.2 MHz
SYNC Input Voltage Low ) 0.3 v
SYNC Input Voltage High o 1.2 v
SYNC Input Current -100 100 nA
Channel 1
Feedback Voltage ® | 0.988 1 1.012 v
FB Voltage Line Regulation Viy =3V to 42V 0.002 0.01 %N
Input Current FB1 e | -100 100 nA
SW1 Peak Current Limit Vin =Py =6V 2.3 2.7 3.0 A
SW1 Leakage Current 01 1 HA
SW1 Top On Resistance Iswi = 1A 240 me
SW1 Bottom On Resistance Iswi = 1A 170 me
Lower FB1 Power Good Threshold Percentage of Vegy ) 89 92 95 %
Upper FB1 Power Good Threshold Percentage of Vegy ) 105 108 111 %
PG1 Output Voltage Low Ipg1 =—100pA ° 0.1 0.2 v
PG1 Leakage Current PG1 =5V, FB1=1V o 30 HA
TRKSS1 Pull-Up Current SS1=0.2V 1.5 2.4 3.1 HA
Minimum Switch-On Time Iswy =1A 60 ns
Minimum Switch-Off Time Iswy = 1A 70 ns

8602fb
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LT8602
GLGCTBKHL CHHBHCTGBISTICS The @ denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. Vjy = PVjn1 = PVjy2 = 12V, EN/JUVLO = 3V, PV y3 = PV |4 = 3.3V
unless otherwise noted. (Note 2)

PARAMETER | CONDITIONS | MIN TYP MAX UNITS
Channel 2

Feedback Voltage ® | 0.988 1 1.012 v
FB Voltage Line Regulation Viy =3V to 42V 0.002 0.01 %N
Input Current FB2 ® | -100 100 nA
SW2 Peak Current Limit Vin = Py = 6V 3.5 4.0 4.5 A
SW2 Leakage Current 0.1 1 HA
SW2 Top On Resistance Iswo2 = 1A 150 mQ
SW2 Bottom On Resistance Iswo = 1A 100 mQ
Lower FB2 Power Good Threshold Percentage of Vg [ ) 89 92 95 %
Upper FB2 Power Good Threshold Percentage of Vg [ ) 105 108 111 %
PG2 Qutput Voltage Low Ipgo = —100pA ° 0.1 0.2 v
PG2 Leakage Current PG2 =5V, FB2 =1V ° 30 HA
TRKSS2 Pull-Up Current §S2=0.2Vv 1.5 2.4 3.1 pA
Minimum Switch-On Time Isw2 = 2A 60 ns
Minimum Switch-Off Time Isw2 = 2A 70 ns
Channel 3

Operating Voltage o 2.6 55 v
Feedback Voltage ) 790 800 810 mV
FB Voltage Line Regulation Viy =3V to 42V 0.002 0.01 %N
Input Current FB3 e | -100 100 nA
SW3 Average Current Limit 1.8 341 35 A
SW3 Leakage PVing = 5.5V 0.1 1 HA
SW3 PMOS On Resistance Isws = 1A 150 meQ
SW3 NMOS On Resistance Iswz = 1A 120 meQ
Lower FB3 Power Good Threshold Percentage of Vg3 ° 89 92 95 %
Upper FB3 Power Good Threshold Percentage of Vg3 o 105 108 111 %
PG3 Qutput Voltage Low Ipgz = —100pA ° 0.1 0.2 v
PG3 Leakage Current PG3 =5V, FB3 = 0.8V ° 30 HA
RUNS3 Threshold Voltage ® | 0.695 0.72 0.75 v
RUN3 Input Current RUN3 = 3.3V e | -100 100 nA
Soft-Start Time ° 0.7 1 1.3 ms
Minimum Switch-On Time Isws = 1A 70 ns
Minimum Switch-Off Time Iswz = 1A 70 ns
PVin3 UVLO 2.35 2.6 v

8602fb
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LT8602

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. V| = PVjn1 = PVjy2 = 12V, EN/UVLO = 3V, PV y3 = PV|y4 = 3.3V

unless otherwise noted. (Note 2)

PARAMETER | CONDITIONS | MIN TYP MAX UNITS
Channel 4

Operating Voltage [ 2.6 55 V
Feedback Voltage ° 790 800 810 mV
FB Voltage Line Regulation Viy =3V to 42V 0.002 0.01 %N
Input Current FB4 ® | -100 100 nA
SW4 Average Current Limit 1.8 3.1 3.5 A
SW4 Leakage PVing = 5.5V 0.1 1 HA
SW4 PMOS On Resistance Iswg = 1A 150 mQ
SW4 NMOS On Resistance Iswa = 1A 120 meQ
Lower FB4 Power Good Threshold Percentage of Vg ] 89 92 95 %
Upper FB4 Power Good Threshold Percentage of Vrpg ] 105 108 111 %
PG4 Qutput Voltage Low Ipg4 = —100pA ° 0.1 0.2 v
PG4 Leakage Current PG4 =5V, FB4 = 0.8V o 30 HA
RUN4 Threshold Voltage ® | 0.695 0.72 0.75 v
RUN4 Input Current RUN4 = 3.3V e | -100 100 nA
Soft-Start Time ) 0.7 1 1.3 ms
Minimum Switch-On Time Iswa = 1A 70 ns
Minimum Switch-Off Time Iswi = 1A 70 ns
PVing UVLO 2.35 2.6 v
Power-On Reset

CPOR Pull-Up Current CPOR =0V 2 pA
POR Delay Time CPOR =1000pF 31 35.2 39.4 ms
RST Output Voltage Low IgsT = —100pA ) 0.1 0.2 Vv
RST Pull-Up Current POR Timed Out, RST = 0V 20 HA
RST Leakage Current RST =6V, EN/UVLO = OV -40 40 nA
POREN Threshold ° 1.15 1.2 1.25 v
POREN Pull-Up Current POREN = QV 0.8 1.2 1.6 HA

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 LT8602E 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

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

LT8602! is guaranteed to meet performance specifications from —40°C to

125°C junction temperature.

will reduce lifetime.
Note 4: All four channels enabled as shown in the application circuit

details of front page application (using the 1MHz component values) found
in the Typical Application section.

8602fb
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LT8602

TYPICAL PERFORMANCE CHARACTERISTICS 1, -25°C, vy = PVyyq = PVjyz = 12V, ENJUVLO = 3V

and PVy3 = PVjys = 3.3V, unless otherwise noted.

Channel 1 Efficiency vs Load
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LT8602
TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°¢, vy = PVjyy = PVyyp = 12V, EN/UVLO = 3V

and PVy3 = PV 4 = 3.3V, unless otherwise noted.
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LT8602
TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C, vy = PVyyq = PVjyz = 12V, ENJUVLO = 3V

and PVy3 = PVjys = 3.3V, unless otherwise noted.
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LT8602

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C, vy = PVyyq = PVjyz = 12V, ENJUVLO = 3V

and PV y3 = PV 4 = 3.3V, unless otherwise noted.
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LT8602
TYPICAL PERFORMANCE CHARACTERISTICS 1, -25¢

Radiated EMI Performance, (CISPR25 Radiated Emission Tests with Class 5 Peak Limit)

Vertical Polarization

——LT8602

=== CISPR25 Class 5 Pk Limit

Amplitude (dBuV/m)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (MHz)

Horizontal Polarization

Amplitude (dBuV/m)
N
o

———LT8602
=——CISPR25 Class 5 Pk Limit
-10
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DC1949A Demo Board with EMI Filter Installed 14Vyy, 1A at All Outputs, Fgy = 2MHz
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LT8602

PIN FUNCTIONS (arv/LxE)

BIAS (Pin 10/Pin 12): Power to the internal INTV g regu-
lator. Connect to an output >3.1V when such a supply
is available. Leaving BIAS unconnected will result in a
decrease in efficiency at light load. Decouple to ground
with a low ESR capacitor.

BST1, BST2 (Pins 4, 5/Pins 6, 7): Boost Voltage for HV
Channels. The Boost Voltage provides adrive voltage higher
than PV to the gate of the NMOS top switch.

CPOR (Pin 31/Pin 36): Power-On Reset Timer. Connect a
capacitor fromthis pinto ground to program the power-on
reset timer. CPOR has a 2pA pull-up current.

EN/UVLO (Pin 22/Pin 26): Enable/Undervoltage Lockout
Input. The LT8602is in low power shutdown when this pin
is below 0.4V. Between 0.4V and 1.1V, the part will turn
on the internal reference. A precision threshold at 1.2V
(rising) enables the switching regulators. This allows the
EN/UVLO pin to be used as an input undervoltage lockout
by connecting to a resistor divider between V,y and GND.
When the EN/UVLO voltage is between 0.4V and 1.2V, the
LT8602 input current will depend on the mode selected,
the V) voltage and the EN/UVLO voltage. Connect to Vy
if the UVLO function is not needed.

FB1, FB2 (Pins 26, 25/Pins 31, 29): Feedback Input Pins
for the High Voltage Converters. The converters regulate
the corresponding feedback pin to the lesser of 1V or the
voltage on the associated TRKSS pin.

FB3, FB4 (Pins 27, 24/Pins 32, 28): Feedback Input Pins
for the Low Voltage Converters. The converters regulate
the corresponding feedback pin to 800mV.

GND (Pins 2, 8, 9, 13, 16, 35, 38, 41/Pins 2, 3, 10, 11,
15, 18, 20, 22, 30, 39, 41, 43, 46): Ground. These pins
must be soldered to PCB ground. The exposed pad (pin
41) must also be soldered to PCB ground.

INTV¢c (Pin28/Pin 33): Internal Regulator Bypass. Do not
load the INTV¢g pin with external circuitry. INTVgg is 3.1V
when BIAS < 3.1V; 3.4V when BIAS > 3.4V; and equal to
BIAS when BIAS is between 3.1V and 3.4V. Decouple to
ground with a low ESR 4.7pF capacitor.

PG1, PG2 (Pins 1, 11/Pins 1, 13): Power Good Indica-
tors for Channels 1 and 2. Open drain logic output pulls
down until the corresponding FB pin rises above 0.92V
but remains below 1.08V.

PG3, PG4 (Pins 40, 12/Pins 48, 14): Power Good Indica-
tors for Channels 3 and 4. Open drain logic output pulls
down until the corresponding FB pin rises above 0.736V
but remains below 0.864V.

POREN (Pin 39/Pin 47): Power On Reset Enable. This
is a logic input that starts the ramp on the POR timing
capacitor. This input has a weak pull-up.

PVin1, PVin2 (Pins 37, 14/Pins 44, 45, 16, 17): Input
Supply Voltageto HV Channels 1and 2, respectively. These
pins are independent and can be powered from different
sources if necessary. Bypass each input with a low ESR
capacitor to the adjacent GND pin.

PVins, PVing (Pins 34, 17/Pins 40, 21): Input Supply
Voltage to low voltage Channels 3 and 4. These pins are
typically connected to one of the high voltage converter
outputs and should be locally bypassed with a low ESR
capacitor. PVy3 and PV)y4 are independent and do not
need to be connected to the same supply voltage.

RST (Pin 32/Pin 37): Power-On Reset Output. CMOS
output with weak pull-up, this pin is held low until the
POR times out.

RT (Pin 29/Pin 34): Frequency Programming Resistor.
Connect a resistor from this pin to ground to set the
internal oscillator frequency.

8602fb

For more information www.linear.com/LT8602

11
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PIN FUNCTIONS (arv/LxE)

RUN3, RUN4 (Pins 30, 18/Pin 35, 23): Run Inputs for
the low voltage converters.

SW1 (Pin 3/Pins 4, 5): Channel 1 Switch Node. This is
the output of the internal power switches for Channel 1.

SW2 (Pins 6, 7/Pins 8, 9): Channel 2 Switch Node. This
is the output of the internal power switches for Channel
2. These pins must be connected together.

SW3, SW4 (Pins 36, 15/Pins 42, 19): Switch Nodes
for low voltage converters. These are the outputs of the
internal power switches for Channels 3 and 4.

SYNC (Pin 33/Pin 38): Clock Synchronization Input. Adigi-
tal input to allow the LT8602 to synchronize its switching

frequency to an external clock. If clock synchronization is
not used, connect this pin to ground to enable low ripple
burst mode or connect high to enable pulse skip operation
ofthe synchronous converters. Do notallow SYNC tofloat.

TRKSS1, TRKSS2 (Pins 21, 20/Pins 25, 24): Track/Soft-
Start Inputs for the High Voltage Converters. When this
pin is below 1V, the converter regulates the FB pin to the
TRKSS voltage instead of the internal reference. The TRKSS
pinhasa2.4pApull-up current. TRKSS may be left floating

Vin (Pin23/Pin27): Input Supply Voltage to Internal Func-
tions. This pin is independent from any PVy pin and can
be powered from different sources if necessary. Vjy must
be above 3V for the part to operate.

8602fb

12

For more information www.linear.com/LT8602



LT8602

BLOCK DIRGRAM

1 1 1 1 1 1
| -
POREN RST Vin INTVg RT SYNC
-I‘, » INTVce
CPOR ]
POVIER ON —l REGULATOR [y OSCILLATOR
REFERENCE
I [ 0.8y | A A
EN/UVLO | SS3 SS4 CLK1 CLK2
ENABLE
BIAS
BST1 BST2
ILim1 CLK1 CLK? ILim2
PViy . I\l\ )/I - PVin2
i l l L
1+~ CURRENT CURRENT "\
SENSE SENSE
I_ COMPARATOR COMPARATOR _|
SW1 SW2
[ ] «—| LoGIC LOGIC [—> <
DRIVER DRIVER
GND GND
L 1~ REVERSE REVERSE I
CURRENT CURRENT
COMPARATOR COMPARATOR
ERROR ERROR
AMPLIFIER AMPLIFIER
L FB FB2 -
1 " LooP LooP ~ [
+ —> ILim1 ILim2 € +
240 i COMPENSATION COMPENSATION I 240
[ TRKSS1 v v TRKSS2
0.92V 0.92V
1.08V 1.08V
L pG1 PG2
L] L
ILIMS CLK1 CLK2 IL|M4
e N T PR
L] L
+~" CURRENT CURRENT &
SENSE SENSE
I_ COMPARATOR COMPARATOR
SW3 SW4
[ ] «—| LoGIC LOGIC [—> 1
|‘ DRIVER DRIVER
GND GND
L 1~ REVERSE REVERSE I
CURRENT CURRENT
COMPARATOR COMPARATOR
ERROR ERROR
AMPLIFIER AMPLIFIER
[ = LooP LooP ~ BT
i L
S8 —1t COMPENSATION [ 'Liv3 lLima €= GompENSATION TS
0.8V 0.8V
0.74V b @ 0.74V
086V pa3 = |enD |Runs |RUN4 PG4 086V
1 =1
| - | | - | | - 8602 BD

8602fb

For more information www.linear.com/LT8602

13



LT8602

OPERATION

The LT8602isa quad channel, constant frequency, current
mode, monolithic buck switching regulator with power-on
reset. All channels are synchronized to a single oscillator.
Two of the channels are high voltage (up to 42V input)
while the other two are low voltage (up to 5.5V input) and
are typically powered from the high voltage buck outputs.

Start-Up

When enabled by setting the EN/UVLO voltage above its
threshold, the LT8602 starts charging the INTV ¢ capacitor
fromVy. IfBIASis higherthan 3.1V, BIAS supplies current
to the INTVg¢ regulator to reduce Vy quiescent current.

High Voltage Buck Regulators

Each highvoltage channelis a synchronous buck regulator
that operates from an independent PV,y pin. The internal
top power MOSFET is turned on at the beginning of each
oscillator cycle, and turned off when the current flowing
through the top MOSFET reaches a level determined by
the erroramplifier. The error amplifier measures the output
voltage through an external resistor divider tied to the FB
pin to control the peak current in the top switch. The refer-
ence of the error amplifier is determined by the lower of
the internal 1V reference and the voltage at its TRKSS pin.

While the top MOSFET is off, the bottom MOSFET is
turned on for the remainder of the oscillator cycle or
until the inductor current starts to reverse. If overload
conditions result in more than 2A (Ch 1) or 3.3A (Ch 2)
flowing through the bottom switch, the next clock cycle
will be delayed until switch current returns to a safe level.

Low Voltage Buck Regulators

Each low voltage channelis a synchronous buck regulator
that operates from anindependent PV, pin. The PVy pins
have an undervoltage lockout set at 2.35V. Each internal
top power MOSFET is turned on at the beginning of each
oscillator cycle, and turned off when the current flowing

through the top MOSFET reaches a level determined
by the error amplifier. The error amplifier measures the
output voltage through an external resistor divider tied to
the FB pin to control the peak current in the top switch.
The reference of the error amplifier is an internal 800mV
reference. Each LV channel has a RUN pin to allow power
sequencing and an internal soft-start circuit ramps the
output voltage up in 1ms.

While the top MOSFET is off, the bottom MOSFET is turned
on for the remainder of the oscillator cycle or until the
inductor current starts to reverse. If overload conditions
resultinmorethan2.4Aflowing throughthe bottom switch,
the next clock cycle will be delayed until switch current
returns to a safe level.

Multiphase Switching

The oscillator generates two clock signals 180° out of
phase. Channels 1and 3 operate on CLK1, while channels 2
and 4 operate on CLK2. Since a buck regulator only draws
input current during the top switch on cycle, multiphase
operationreduces peak inputcurrentand doubles the input
currentfrequency. These effects reduceinput currentripple
and reduce the input capacitance required.

Light Load Operation

At light load, the regulators operate in low ripple burst
mode. Low ripple burst mode shuts down most internal
circuitry between switch on cycles to conserve power
while still retaining low ripple at the output.

Undervoltage Lockout

The EN/UVLO pin is used to put the LT8602 in shutdown,
reducing the input current to less than 1pA. The accurate
1.2V threshold ofthe EN/UVLO pinallows a programmable
Vin undervoltage lockout through an external resistor
divider tied to the EN/UVLO pin. A 50mV (typ) hysteresis
voltage onthe EN/UVLO pin prevents switching noise from
inadvertently shutting down the LT8602.

8602fb
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OPERATION

Power Good Comparators

Each channel has a power good comparator that trips
when the feedback pin is above or below its reference
voltage by more than 8%. The PG output pins are open
drain. The PG pin for each channel is pulled low when the
corresponding output is out of regulation. The PG outputs
are not valid until INTVgg rises to 2.7V

Power-On Reset Timer

The LT8602 includes a power-on reset timer. The power-
on reset time is adjustable using an external capacitor on
the CPOR pin. The timer is enabled by the POREN pin.

The RST pin is the output of the POR timer and is an
open-drain output with a weak internal pull-up. The RST
pin is valid when the LT8602 is enabled and INTV¢g is
above 2.7V.
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APPLICATIONS INFORMATION

Setting the Output Voltages

The output voltages are set by the resistor dividers on the
outputs as shown in Figure 1. The formula used is:

R1=R2-(M—1\
REF

where Vgt is the output voltage of regulator x and FBRgr
is the feedback reference voltage. FBggg is 1V for the high
voltage regulators (1and 2) and 800mV for the low voltage
channels (3 and 4). Use 1% resistors in the dividers. R2
should be 200k or less to avoid noise problems.

Toimprovethefrequency response, afeedforward capacitor
C# may be used. Typical values are 10pf to 100pf. Great
care should be taken to route the Vrg node away from
noise sources, such as the inductor or a SW line.

Switching Frequency

The LT8602 uses a constant frequency architecture that
can be programmed from 250kHz to 2.2MHz by tying a
resistor from the RT pin to ground. Table 1 shows the
value of Ry for common switching frequencies.

Table 1. Switching Frequency vs Ry Value

SWITCHING FREQUENCY (MHz) Rr (kQ)
0.25 254
0.35 179
05 124
0.75 81.2
10 60.4
125 476
15 39.4
175 333
2.0 28.9
22 263

SWx Voutx
c c
LT8602 3w —l—OfIf’TIONAL
FBx
éﬁz

Figure 1. Feedback Resistor Divider

8602 FO1

The following equation approximates the values shown
in Table 1:

61.9

Rr=—— " _
T~ %-0.009

1.9

where R is in kQ and fg is in MHz.

Selection of the operating frequency is mainly a trade-off
between efficiency and component size. The advantage
of high frequency operation is that smaller inductor and
capacitor values may be used. The advantage of low fre-
quency operation is higher efficiency.

The high switching frequency also decreases the duty
cycle range because of finite minimum on- and off-times
which are independent of the switching frequency. The
top switch in the high voltage channel has a minimum
on-time of 60ns and minimum off-time of of 70ns. The top
switch in the low voltage channel has a minimum on-time
of 70ns and minimum off-time of 70ns. The minimum and
maximum duty cycles are:

DCwin = fs * tongwiny

DCwmax =1 - fs * torr(vin

where fg is the switching frequency, tonwiny is the mini-
mum switch on-time, and toprgvin) is the minimum switch
off-time. These equations illustrate how duty cycle range
increases when the switching frequency decreases.

Theinternal oscillator ofthe LT8602 can be synchronized to
anexternal 250kHzto 2.2MHz clock signal onthe SYNC pin.

8602fb
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APPLICATIONS INFORMATION

Viy Voltage Range

The LT8602’s minimum operating voltage is 3V. To pro-
gram a higher minimum operating voltage, use a resistor
divider between the Vy pin and the EN/UVLO pin. The EN/
UVLO threshold is 1.2V. The EN/UVLO pin has 50mV of
hysteresis to prevent glitches from falsely disabling the
LT8602.

The UVLO circuit is shown in Figure 3, Reverse Protection
Diodes. The calculation for the lockout voltage is:

Ruvi+Ruvz .4 oy

Vinveo) = Ruve

PV|y Voltage Range

Each switching regulator channel operates from its own
PVn pin (PVy1 to PVys). The PVy pin can be connected
to either an independent voltage supply or a high voltage
channel output. The PV,y1 and PV voltage range is 3.0V
to 42V. The PV|y3 and PV y4 voltage range is 2.6V t0 5.5V.

The minimum PV, voltage to regulate output voltage at
full frequency is:

V,
PVinxiny = Dg;;’;

Where DCyax is the maximum duty cycle (refer to Switch-
ing Frequency section) for that channel. If PV,y is below
the calculated minimum voltage, the channel starts to skip
switch off cycles. At low input voltages the part will turn
on the top switch for longer than a full switch cycle in
order to extend the effective duty cycle. When the part is
extending the effective duty cycle the switching frequency
willdroptoone half (orless) of the programmed frequency.

The maximum PV)y voltage to regulate output voltage at
full frequency is:

Where DGy is the minimum duty cycle (referto Switching
Frequency section) for that channel. If PV,y is above the

calculated maximum voltage, the channel starts to skip
switch oncycles (pulse-skipping). Inthis case, the channel
switching frequency will no longer be the programmed
frequency. The output will continue to regulate, but the
peak inductor current and output ripple will increase
significantly.

Inductor Selection

Inductor selectioninvolves inductance, saturation current,
series resistance (DCR) and magnetic loss.

A good starting point for the inductance values are:

Ly < Kxc» Joux o PVinx =Vourx
INX fS

where fg is the switching frequency in MHz, Lx is in pH,
Voutx is the channel output voltage and K1 = 1.6, K2 =
1.0 and K3 and K4 =1.3.

Oncetheinductanceis selected, theinductor currentripple
and peak current can be calculated:

V, [,V \
Al o = 0UTX 1- 0UTx
D e k PVINx(MAX))
Al

| xpeAK) =louTxmax) + >

To guarantee sufficient output current, peak inductor cur-
rent must be lower than the switch current limit (I ).

To keep the efficiency high, the inductor series resistance
(DCR) should be as small as possible (must be <0.1Q
for channels 1, 3 and 4; <0.06<2 for channel 2), and the
core material should be intended for the chosen switch-
ing frequency. Table 2 lists several vendors and suitable
inductor series.

Table 2. Inductor Vendors

VENDOR SERIES WEBSITE

TDK SLE VLG, VLF www.tdk.com
Sumida CDRH, CDR, CDMC www.sumida.com
Coilcraft XAL, XFL, MSS www.coilcraft.com
NIC NPIM, NPIS www.niccomp.com
Wiirth TPC, SPC, PD, PDF, PD3 www.we-online.com
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APPLICATIONS INFORMATION

Of course, suchasimple design guide will notalways result
in the optimum inductors for the applications. A larger
value inductor provides a slightly higher maximum load
current and will reduce the output voltage ripple. A larger
value inductor can result in higher efficiency if the DCR
and magnetic losses are the same. However, for inductors
of the same dimensions, the larger value inductor has
higher DCR. The trade-off between inductance and DCR
is not always obvious. Use experiments to find optimum
inductors.

Low inductance may result in discontinuous mode
operation, which is acceptable, but reduces maximum
load current. For details of maximum output current and
discontinuous mode operation, see the Linear Technol-
ogy Application Note 44. For duty cycles greater than
50%, there is a minimum inductance required to avoid
subharmonic oscillations.

1.05+(Voun, + Vaors ) chs 1, 3 and 4

Lninx = i
70V, Vi
L|\/||Nx=O 0 0Lg><+ BOTX),ChZ

where Vouty is the output voltage; Vgotyx is the voltage
across the bottom switch; fg is the switching frequency in
MHz and Lyyny is in pH. If the frequency is synchronized
overarange, use the lowest frequency to determine Ly

Shorted Output Protection

The LT8602 will tolerate a shorted output. If the bottom
MOSFET current exceeds the valley current limit at the
start of a clock cycle, the top MOSFET is kept off until the
overcurrent situation clears. This prevents the buildup of
inductor current during a shorted output.

Input Capacitor Selection

Bypass each PV pin of the LT8602 with a ceramic capaci-
tor of X7R or X5R type.

Step-down converters draw current from the input sup-
ply in pulses with very fast rise and fall times. The input
capacitor is required to reduce the resulting voltage ripple
at the LT8602 input and to force this switching current
into a tight local loop, minimizing EMI. The input capaci-
tor must have low impedance at the switching frequency
to do this effectively and it must have an adequate ripple
current rating.

The worst case ripple current is when Voyr is one half of
PV|n. In this case, the ripple current is:

| _M
CIN(RMS) =~

A reasonable value for the input capacitor is:

4.7uF (for Chs 1,3,4) or 10pF (for Ch 2)
fs

CIN =

where fg is the switching frequency in MHz.

Careful placement of Cyy is essential to get the lowest
ripple and EMI. Cyy should be placed as close to the PV
pin as possible and on the same side of the PC board. The
layer immediately below the component traces should be
an unbroken ground plane. The ground side of Cyy should
have at least 2 vias to the ground plane as close to Gy
as possible. This provides a high frequency return path
directly under the PV)y to Cyy trace. This minimizes loop
area of the high frequency, high current path from PVy
to C;y and back to the GND exposed pad. See Figure 8,
Recommended PCB Layout.

A word of caution is in order regarding the use of ceramic
capacitors at the input. A ceramic input capacitor can
combine with stray inductance to form a resonant tank
circuit back to the supply. If power is applied quickly (for
example by plugging the circuit into a live power source),
this tank can ring, as much as doubling the input voltage.
The solutionisto either clamp the input voltage or dampen
the tank circuit by adding a lossy capacitor in parallel with
the ceramic capacitor. For details, see Linear Technology
Application Note 88.
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Output Capacitor Selection

The output capacitor performs two functions. First, it
filters the inductor current to generate an output with
low voltage ripple. Second, it stores energy to minimize
overshoot during transient loads. Because the LT8602
operatesatahigh frequency, minimal output capacitanceis
necessary. The control loop operates well with or without
the presence of output capacitor series resistance (ESR).
Ceramic capacitors, which achieve very low output ripple
and small circuit size, are therefore an option.

You can estimate output ripple withthe following equations:

Al .
— —L  forceramic

VRippLE =
8ot *Cour

VRippLE = Al * ESR, for aluminum or tantalum.

where VRippLE i the peak-to-peak output ripple, fg is the
switching frequency in MHz, Al|_is the peak-to-peak ripple
current in the inductor, Coyr is the output capacitor value
in pF and ESR is the output capacitor series resistance.

Another constraint on the output capacitor is that it must
have greater energy storage than the inductor. When the
load current steps from high to low, the stored energy
in the inductor transfers to the output and the resulting
voltage step should be small compared to the regulation
voltage. For a 5% overshoot, this requirement indicates:

2
(lum )

C >10eLe =

ouT LVOUT

where I is the maximum switch current limit.

The low ESR and small size of ceramic capacitors make
them the preferred type for LT8602 applications. Not all
ceramic capacitors are the same, however. Many of the
higher value capacitors use poor dielectrics with high
temperature and voltage coefficients. In particular, Y5V
and Z5U types lose a large fraction of their capacitance
with applied voltage and at temperature extremes. Because
loop stability and transient response depend on the value
of Coyr, this loss may be unacceptable. Use X7R or X5R
types.

Electrolytic capacitors are also an option. The ESRs of
most aluminum electrolytic capacitors are too large to
deliver low output ripple. Tantalum, as well as newer,
lower-ESR, organic electrolytic capacitors intended for
power supply use are suitable. Chose a capacitor with a
low enough ESR for the required output ripple. Because
the volume of the capacitor determines its ESR, both the
size and the value will be larger than a ceramic capacitor
that would give similar ripple performance. One benefit
is that the larger capacitance may give better transient
response for large changes in load current. Table 3 lists
several capacitor vendors.

Table 3. Low ESR Capacitor Vendors

VENDOR SERIES TYPE
Taiyo-Yuden Ceramic
www.t-yuden.com
TDK Ceramic
www.tdk.com
Kemet Ceramic
www.kemet.com T494, T495 Tantalum
T510, T520, T525, T530 | Tantalum Organic Polymer
A700 Alum. Organic Polymer
Panasonic Ceramic
www.panasonic.com | SP-CAP Alum. Organic Polymer
AVX Ceramic
WWWw.avx.com TPS, TES, TCH Tantalum

BST and SW Pin Considerations

The high voltage channels require a voltage above PVy
to drive the gates of the top NFET switches. Connect an
external capacitor between the BST and SW pins. An
internal MOS switch connects BST to the internal INTV¢g
supply during the switch off cycles. Then BST is boosted
above SW during the switch on cycles. In most cases, a
0.1pF capacitor will work well.

Soft-Start

The LT8602 has a soft-start pin for each high voltage chan-
nel and internal soft-start for each low voltage channel.
The low voltage channel soft-start is set to 1ms.

On the high voltage channels, the feedback pin voltage
is regulated to the lower of the corresponding TRKSS
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pin and the internal reference of 1V. A capacitor from the
TRKSS pin to ground is charged by an internal 2.4pA cur-
rent source resulting in an output ramping linearly from
0V to the regulated voltage. The duration of the ramp is:

1V
tss =Crriss ® 2 4A

where tgg is the ramping time in seconds and Ctrkss is
the capacitance on the TRKSS pinin F

The TRKSS pin is pulled down at start-up until INTVgc
has reached operating voltage. It is also pulled down in
an undervoltage condition, either the internal lockout on
PV|y or the programmable EN/UVLO pin. The resistance
when TRKSS is pulled down is 400€2. Pulling TRKSS to
ground does notguarantee the channel will stop switching.

The TRKSS pin can also be used to allow the output to
track another regulator, either the other HV channel or an
external regulator. Use a resistor divider from the control-
ling output to the TRKSS pin. Figure 2 shows the circuit
for channel 2 tracking Voyr1 as well as output waveforms
for coincident and ratiometric tracking.

R2 should be 10k or less to minimize the offset from the
2.4pA pull-up current.

Vouty

LT8602 R1

TRKSS2
R2

Vourt

Vourz

OUTPUT VOLTAGE

v

TIME
(2a) Coincident Tracking

Another easy method to ratiometrically track channels 1
and 2 is to tie both TRKSS1 and TRKSS2 together with a
single capacitor to ground. This will double the soft-start
current.

For applications with a start-up sequence that requires a
PG pin be tied to a TRKSS input, a 10k or less resistor
must be used as an external pull-up. The soft-start time
with this configuration can be approximated by:

tss = 0.5 * RpyLLup ® CtRKSS

A more exact formula, that includes the dependence on
the pull-up voltage, VpyLyp, is given by:

1V
tss =_RPULLUP°CTRKSS'|096(1_V )
PULLUP

Reverse Protection

In battery charging applications or in battery backup
systems, an output will be held high by the battery when
the input to the LT8602 is absent. If the Vyy and PV)y
pins are floated and the LT8602 is enabled, the internal
circuitry will pull its quiescent current through the SW
pin of the output that is held high. This is acceptable if

COINGIDENT TRACKING Vy11> Vurz
R1:R2.(VOUT2_1)
RATIOMETRIC TRACKING

v
R1=R2+( -0 —1)
( 11

Vours

Vourz

OUTPUT VOLTAGE

»
»
8602 F02

TIME
(2b) Ratiometric Tracking

Figure 2. Tracking Circuit
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the system can tolerate a small current (<100pA) in this
state. If the LT8602 is disabled, the SW pin current will
drop to essentially zero. However, if the V or PV pin is
grounded while the output is held high, an external diode
is required at the Viy/PV|y pin to prevent current being
pulled out of the V,\/PViy pin. An example is shown in
Figure 3. In this case, both OUT1 and OUT3 are held high
by batteries. PVy1 must be diode protected, as well as
PV|ys if it is connected to an external supply.

|_|

Viy  BST1  SWH OUT1
PVin1 +
FB1 =
EN/UVLO
LT8602 —
SW3 ouT3
PVing

+
FB3 T T
GND -

8602 FO3

Figure 3. Reverse Protection Diodes

Burst Mode Operation

To improve efficiency at light loads, the LT8602 automati-
cally switches to Burst Mode operation which minimizes
the switching loss and keeps the output voltage ripple
small. In Burst Mode operation, most of the circuits are
shut down between switch-on bursts to minimize power
loss. If at least one channel remains full frequency, the
oscillator remains on and all bursts are synchronized to
the appropriate phase of the oscillator (Figure 4). If all

Vaw1 f
10v/DIV

Vswo || ininini
10V/DIV

Vsws '
5V/DIV W,NW

o
L1 JW

Vswa
5V/DIV

8602 FO4

1ps/DIV

Figure 4. Burst Mode SW Waveforms with Oscillator Running

four channels go into Burst Mode operation, the oscillator
will also shut off between bursts with a further savings in
power (Figure5). Because the channels of the LT8602 may
have differentloads, channels can have different switching
frequencies when in Burst Mode operation.

VERT
5V/DIV ] }

Vsw1 v '

Vswz

Vsws T I

Vswa T
100ms/DIV

Figure 5. Burst Mode SW Waveforms with
All Channels in Burst Mode

8602 FO5

Mode Selection and Synchronization

To select low ripple Burst Mode operation, tie the SYNC
pin below 0.3V (this can be ground or a logic low output).
To select pulse-skipping operation, tie the SYNC pin above
1.2V. To synchronize the LT8602 oscillator to an external
frequency connect a square wave (with 20% to 80% duty
cycle) tothe SYNC pin. The square wave amplitude should
have valleys that are below SYNC V|_and peaks above
SYNC Viy (up to 6V).

The LT8602 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 LT8602
may be synchronized overa 250kHz to 2.2MHz range. The
Rt resistor should be chosen to set the LT8602 switching
frequency equal to the synchronization input. If a range of
frequencies is used, set Ry to the center of the range. For
example, if the synchronization signal will be 400kHz to
600kHz, the Ry should be selected for 500kHz. The SYNC
lock range is +20% of the Ry set frequency.

For some applications it is desirable for the LT8602 to
operate in pulse-skipping mode, offering two major dif-
ferences from Burst Mode operation. Firstis that the clock
stays awake atall times and all switching cyclesarealigned
to the clock. Second is that full switching frequency is

8602fb
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reached atloweroutputloadthanin Burst Mode operation.
These two differences come at the expense of increased
quiescent current. To enable pulse-skipping mode, the
SYNC pin is tied high either to a logic output or to the
INTV¢ pin.

Do not leave the SYNC pin floating.

Power Good Comparators

Each channel of the LT8602 has a power-good comparator
that monitors the corresponding feedback voltages when
the LT8602 is enabled. The threshold of power-good com-
parator is 0.92V to 1.08V for the high voltage channels,
and 736mV to 864mV for the low voltage channels. The
PG outputs are open-drain and require an external pull-up
resistance value of 20k or less.

Power-On Reset Timer

The power-on reset timer circuit provides a program-
mable reset timer. The POREN pin is the enable for the
reset timer. The RST output is an open-drain output with
a weak internal pull-up (100k to ~2V). The weak pull-ups
eliminate the need for external pull-ups when the rise time
of these pins is not critical. The open-drain configuration
allows wired-OR connections of the RST pin.

The power-on reset timeout period, tgsT, can be pro-
grammed by connecting a capacitor, Cpgg, between the
CPOR pin and ground. The value of tgsT is calculated by:

trsT = 35.2 * CpoR

Where Cpgp is in pF and tggT is in microseconds. When
POREN is enabled, the CPOR pin is ramped up at 2pA until
it reaches 1.2V. The current reverses and ramps down at
20pA. When it reaches 0.2V, it ramps back up at 2pA. This
cycle repeats a total of 64 times, then the RST pin is set
high. For example, using a capacitor value of 8.2nF gives
a 289ms reset timeout period. The accuracy of tgst will
be limited by the accuracy and temperature coefficient
of the capacitor Cpgg. Extra parasitic capacitance on the
CPOR pin, such as probe capacitance, can affect tgsr.
Figure 6 shows the power on reset timing. CPOR values
above 10nF are not recommended.

POREN

1V/DIV

CPOR ’MMWWWWWMWMW
1V/DIV |

RSTh r

2V/DIV

1 mS/DIV 8602 F06

Figure 6. Power-On Reset Timing Cpgg = 230pF

Sequencing

The LT8602 provides great flexibility in sequencing the
4 channels and the power-on reset timer. Each channel
has a power good output (PG1 to PG4) and a control-
ling input (TRKSS1 and 2, RUN3 and 4). The POR has
a control input (POREN) and a reset output (RST). All 5
outputs are open-drain. All 5 inputs are active high and
3 of them (TRKSS1 and 2, POREN) have internal pull-up
currents to reduce external component counts. The soft-
start function on the TRKSS pins will work when using
sequencing; simply connect the capacitor to the TRKSS
pin, connect an external pull-up resistor of value 10k or
less and use the desired PG output to short the cap. A
sequencing example is shown in Figure 7.

ouT1

10k S 20k
LT8602 RST |—3—] 1 START
PG
Tavss2 [ =
PG2 =
RUN3
RUN4 ok
PG3 AMN—<— INTV
PG4 |—
POREN
TRKSS1 1_
L

8602 FO7

Figure 7. Sequencing the Outputs and POR

8602fb
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In this example, channel 1 starts first, and soft-starts ac-
cording to the cap on TRKSS1. Once OUT1 has reached
regulation, channel 2 soft-starts. When OUT2 is good,
channels 3 and 4 start up. When OUT3 is in regulation,
then the POR is started. One caution when connecting
RUN pins to TRKSS pins: the TRKSS channel will start
ramping immediately, but the RUN channel will not start
until the voltage reaches the RUN threshold.

The EN/UVLO pin has two thresholds enabling three
modes (see Figure 8: EN/UVLO Thresholds). When EN/
UVLO is below the shutdown threshold, the 8602 is in low
power shutdown and draws less than 1pa from V,y under
all conditions. The shutdown threshold is between 0.4V
and 1.1V. Once EN/UVLO has risen above the shutdown
threshold but s still below the undervoltage threshold, the
internal bias circuits start up but the switching regulators
are kept off. The input current in this region can be as
high as 400pa, depending on the mode selected, Vjy and
direction of EN/UVLO. Since the internal reference is now
on, it establishes an accurate undervoltage threshold of
1.2V (typ). When EN/UVLO rises above the undervoltage
threshold, then the switching regulators are turned on and
normal operation begins. This allows a programmable
undervoltage lockout by connecting a resistor divider
from EN/UVLO to V).

If the EN/UVLO function is not needed, the pin can be
connected directly to Vyy. If only enable is needed and
the undervoltage lockout is not needed, the EN/UVLO pin
can be connected directly to a logic output with a Vgy of
at least 1.25V and a Vg less than 0.4V.

NORMAL OPERATION
Iin = 30pA
START-UP: INTERNAL REFERENGE ON,
SWITCHING REGULATORS OFF
1pA < Iy < 400pA
LOW POWER SHUTDOWN
Iin < TpA
SHUTDOWN UNDERVOLTAGE
THRESHOLD THRESHOLD
RANGE RANGE
B T B E——
\ | | | | \
[ I T I I T I |
0 04 0.75 1.1 115 12 125 42
MIN TYP MAX MIN TYP MAX
V(EN/UVLO), VOLTS 8602 F08

Figure 8. EN/UVLO Thresholds

PCB Layout

Forproperoperationand minimum EMI, care must be taken
during printed circuit board layout. Figure 9 shows the
recommended component placement with trace, ground
plane and via locations. Note that large, switched currents
flow in the LT8602’s PV|y pins, GND pins, and the input
capacitors. The loop formed by the input capacitor should
be as small as possible by placing the capacitor close to
the PVjy pin and the adjacent GND pin. When using a
physically large input capacitor the resulting loop may
become too large in which case using a small case/value
capacitor placed close to the PV,y and GND pins plus a
larger capacitor further away is preferred. These compo-
nents, along with the inductorand output capacitor, 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 SW and 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 pad
on the bottom of the package must be soldered to ground
so that there is a good electrical connection as well as a
good thermal connection so that the PCB can act as a heat
sink. To keep thermal resistance low, extend the ground
plane as much as possible, and add thermal vias under

Vourz Vourtt

os } L2 }u .
COUTz _L L1 Court

T8 coums
COUT40 : CBSTz"I |'"| |" oo '. ._I |_. .
Vours ° * G .o:: CBST1 ClN“\‘ . ‘ o o
[ ] ° °
oo __° o oo ooo o Y Y g
ONEZY\O ‘W T & L3
.9 ) oo IN1B
°
I T ool

8602 F09

Figure 9. Recommended QFN Package PCB Layout
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and near the LT8602 to additional ground planes within
the circuit board and on the bottom side.

Thermal Considerations

Care should be taken in the layout of the PCB to ensure
good heat sinking of the LT8602. The exposed pad on
the bottom of the package must 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 LT8602. Recommended layer use for
a 4 layer board is:

Layer 1 (Components): use 20z copper; unbroken high
frequency/high current routing (C;y loop, SW node, BST
node, inductor, Coyr), high current DC routing, ground
plane on remainder

Layer 2 (Internal): Unbroken ground plane

Layer 3 (Internal): Signal routing, ground plane on re-
mainder

Layer4 (Bottom): Use 20z copper; high current DC routing
(Vin, Vour), ground plane on remainder

Placing additional vias can reduce thermal resistance fur-
ther. Many small thermal vias are better than a few large
ones. Following these PCB design guidelines can reduce
the QFN 65 to 22°C/W.

Power dissipation within the LT8602 can be estimated by
adding the power dissipated in each channel. Calculate
each channel’s power loss from an efficiency measure-
ment and subtract the inductor loss. The die temperature
is calculated by multiplying the total LT8602 power dis-

sipation by the thermal resistance from junction to ambi-
ent and adding the ambient temperature. The maximum
load current should be derated as the die temperature
approachesthe maximum junction rating. The LT8602 will
stop switching if the internal temperature rises too high.
This thermal protection is above the maximum operating
temperature and is intended as a failsafe only.

Even with the best thermal practices, the LT8602 must be
derated athighambienttemperature. The thermal derating
curves in Figure 10 show the front page application (Ch1:
SVour, Ch2: 3.3Vourt, Ch 3:1 8Vour, Ch 4:1 2Vour)- The
PCBlayoutisasdescribedabove andthe 6, is22°C/W. The
output currents are decreased uniformly as a percentage
of maximum. Although derating is application dependent,
this set of curves is representative of typical applications
with a range of frequencies and input voltages.

100 .~ \\\\\\
~
\\\
— N
= 80 N
— \
= N\
oc S \\
= 60 SN
o R \\\
[&) . \
2 oW
S — 12V}, 1MHz R
> 40 —= 12V}, 2.2MHz DU \V
< === 28V)y, IMHz A
o - == 28V, 2.2MHz N
S , \ \
= 20 f f .. \\\
3.5in x 3.5in 4-LAYER BOARD N
20z Gu TOP AND BOTTOM :
0 25 50 75 100 125

AMBIENT TEMPERATURE (°C)

LIMITED BY MAXIMUM e
JUNCTION TEMPERATURE
Bp = 22°C/W

Figure 10. Thermal Derating, I-Grade
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Details of Front Page Application

Vin
BV TO 42V Vin BSTI 7
PVin1 0.1uF
—1_(C12 Wi _ _ oUuT1
T 47F re602 % I 1 C1 5V 1.5A
= 62uH 453k —_|_—22uF
? PV |
T ¢ N2 FB1
10pF
s BST2 s éﬂSk
EN/UVLO 0.1pF =
ouT2
i 2.24H 316k 47uF
T 2200pF FB2
= e BIAS é
PVing a i THE MAX CURRENT ON OUT2 IS A FUNCTION
R10 RUN4 —'—257 - OF THE CURRENTS ON OUT3 AND OUT4:
20k —1 PG1 _-1—_ s l(ouTe) = 2.5A - 0.6 * I ouT3) — 0.4 * l(OUT4)
0UT2 —WW\ PG2 PVing 1 cs
—1 PG3 T ATWF
P - ouT3
SYNG 1.8V, 1.7A
POREN
= —{RsT
—] CPOR
SWITCHING FREQUENGY = 1MHz RT
R9 . RS =
60.4k aND el _co 200k "
= T A
= = 8602 TAO2a
Start-Up Sequence
Voutt _-/
5V/DIV | THE VALUES SHOWN ARE FOR 1MHz OPERATION.
FOR 2MHz OPERATION, MAKE THE FOLLOWING CHANGES:
L1=3.3uH
Vour2
SVIDIY o™ L2 = 1.24H
L3=1.2uH

L4 = 1pH
gl ] RO = 28.9k
THE INPUT VOLTAGE RANGE AT 2MHz IS 6V TO 24V,
Voum—-—-——-——~/”w ABOVE 24V, THE HV CHANNELS WILL REGULATE
2V/DIV BUT WITH HIGH RIPPLE DUE TO MISSED PULSES.
200|JS/D|V 8602 TAO2D
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Automotive Input Steps Down to 5V, 3.3V, 1.8V and 1.2V

° ouT

3.3V, 0.8A
20pF SRS ez
T 316k T 47WF

Vin
6V TO 42V Vi CELLY o
PV 0.14F
I P IN1 s y - ~
T 4.7WF 1
= LT8602 L 4.7pF SR
- o 4.7uH T 453k
) G SY IN2 FB1 ¢ "
mg L TOF BST2F ) (s 113k
UVLO = 6V EN/UVLO 0.1yF =
= R TRKSS SW2 Y
TRKSS2
L ci3 2.24H
—I_ 2700pF FB2
- R4
RUN3 it 137k
RUN4 PYina —L_c5 =
R10
R10 — e T4
0UT2 —AW PG2 PVing 1
A
0uT2 —’Y(\):kv PG3 T 4TWF
PG4 =
SYNC INPUT SYNC Sw3
POREN 83
uP_START RST
POR TIME = 7.7ms C10—|—_ CPOR Swa
220pF
SWITCHING FREQUENCY = 1.25MHz " RT FB4
INTVge
47.5é _

|||—

Start-Up Sequence

Vourt
5V/DIV

Vourz |
5V/DIV

Vouts
2V/DIV |

RST
2V/DIV

|/

T i 5v15A
el

ouT2

THE MAX CURRENT ON OUT2 IS A FUNCTION
OF THE CURRENTS ON OUT3 AND 0UT4:

lout2) = 2.5A - 0.6 * l(ouT3) — 0.4 * l(0UT4)

ouT3
03 1.8V 1.7A

8602 TAO3a

-

1ms/DIV

START-UP SEQUENCE:

CH1 AND CH2 SOFT-START
RATIOMETRICALLY;

THEN CH3 AND CH4 TURN ON;
THEN POR TIMER STARTS.

8602 TAO3b
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/product/LT8602#packaging for the most recent package drawings.
UJ Package

40-Lead Plastic QFN (6mm x 6mm)
(Reference LTC DWG # 05-08-1728 Rev @)

'

D OTEDEEOTE o
|
| | 1
= | =
|
(- | —h
- | =
| | — 6.50 +0.05
Dl: ‘ 5.10 +0.05
| 10 20.
£ a0 1] 777|:l|:|7+7 450 +0.05
3 (4 SIDES)
| ——
m— | 3
; 4.42 +0.05 —> !
4. *U.
| | (-
= : ==
|
I ‘ |
! T
I‘““HH‘ELHHH;I- E_B___J«PACKAGE OUTLINE
! || l<— 0.25 +0.05
—»| |l<—0508sC
RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS
APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED
6.00 £0.10 | 0754005 R=0.115
4 SIDES ) TYP
‘ (4 SIDES) R=010 ‘ 39 40 '
| UUUMU\UUUUU 0.40 +0.10
ORI | * —
( ) 1 — ‘ =l }
1 — 1PIN1 noren” | 2
‘ > ‘ R=0.450R (@
‘ 0.35 x 45°
| — i CHAMFER —
I 4.50 REF > 4.42+0.10 | (@
T ********* -1 (@siEs) = *’****‘T ***** T
\ — \ —]
|
| — i —]
‘ - F442:010—>  —]
\ \
i — | C
000
| |
‘ ﬂ ﬂ ﬂ ﬂ ﬂ ‘ ﬂ ‘ ‘ ﬂ ﬂ (UJ40) QFN REV @ 0406
‘ ||~ 0200 REF |« 0.25+0.05

| “

—>||<— 0.00-0.05 —> <— 0.50 BSC
NOTE:
1. DRAWING IS A JEDEC PACKAGE OUTLINE VARIATION OF (WJJD-2) BOTTOM VIEW—EXPOSED PAD
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE

MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.20mm ON ANY SIDE, IF PRESENT

5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENGE FOR PIN 1 LOCATION ON THE TOP AND BOTTOM OF PACKAGE
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/product/LT8602#packaging for the most recent package drawings.

LXE Package
48-Lead Plastic Exposed Pad LQFP (7mm x 7mm)
(Reference LTC DWG #05-08-1832 Rev D)

-« 7156-72 ——— >

NI

f/_4§ ——————————————
| =i 3G|E—
0s0Bsc  —! | o |
. — ™ 030 ) —
= ‘ =
| — | = 550 REF
= | 1= _
0.20—0A30:|:|: + — |77®
} — ‘3.6010.05 :IZI
:| < . I:
— 3,60 £0.05 |
':'l i I—
C—1)%2,  Packace oummhv 25' — !
\ _______________
OMIN —> -

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

9.00 BSC
<« 700BSC ——»
1 —— SEE NOTE: 3 ::I%
——— | —
—— — T
—— ‘ — T 9.00 BSC
—— —T
= ., ) 7008SG
——— T
o AFT—A
—— T
——— \ _
P — —T125
\ V4
3 | 2
110 130 —| |<—
R0.08-0.20 GAUGE PLANE
oo 02
11071':0*./“‘* ‘ﬁ

COMPONENT
PIN “A1”

TRAY PIN 1

n
(2]

BEVEL

ARRAR

HHAAAN

PACKAGE IN TRAY LOADING ORIENTATION

~<~—3.600.10 ——>

{HHHHAAAA]

\ _
‘ c030”"

77+77

QLB

TOTTOOImeY

BOTTOM OF PACKAGE— EXPOSED PAD SHADED AREA)

—_
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER

A 09/16 | Revised Electrical Characteristics tables and temperature dotted soft-start. 4.5
Replaced GO6 and GO7 curves. 6
Revised Pin Functions for BIAS, EN/UVLO INTV¢. 11
Changed Figure 7. 20

B 06/17 | Added LQFP package option 1,2
Added Pin Functions for LQFP package option 11,12
Clarified Figure 9 for QFN package 22
Added clarified drawing for front page application 25
Typical Application moved from page 25 to 26 26
Clarified QFN package drawing 27
Added LQFP package option 28
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TYPICAL APPLICATION

10V to 42V Input Steps Down to 5V, 2.5V, 1.8V and 8V (Delayed)

Vi v
N BSTI —
10V 70 42V o7
G| 0.1pF Start-Up Sequence
— . . ouTt
T 4TwF SwWi1
Lo 78602 o 1 oo SR 1 ¢ 8v15A Yoo
? il T P 21000k L 470F VDIV |/
S g Sy 2 FB1 . .
I 1ouF ouT3
UVLO = 9.6V BST2I ) s 143k 2V/DIV /
-9 L—rwv-%— EN/UVLO 0.1F = Vouts
= Ri2 Inrm . o ouT2 o |/

= 287k

Sw2 * 1 1
TRKSST 5 iy T s
2.24H 549K _|_10pF o VDIV |

v Lo FB2 Vour1
—T— 2700pF BIAS $§7k 10V/DIV
= RUN3 PVina 1 5 m— 2ms/DIV 8602 TAO4D
R10 RUN4 T4 THE MAX GURRENT ON OUT2 IS A FUNCTION
20k — Pai = OF THE CURRENTS ON OUT3 AND OUT4:
INTVgg N PG2 PVing 1 _c6 l(ouT2) = 2.5A - 0.56 * I(ouT3) — 0.4 * l(OUT4)
anr IN THIS APPLICATION, THE POR IS USED AS A DELAY FOR
o Pa3 = THE 8V SUPPLY. THE 8V SUPPLY WILL START RAMPING
PG4 SUE A 0UT3 UP 12ms AFTER ALL OTHER SUPPLIES HAVE REACHED REGULATION.
1 cis rSYNC L3 —LCS 2.5V 1.7A
—T2.2nF = TuH mpF 243K 47uF START-UP SEQUENCE:
= POREN FB3 )\/VI CH2 SOFT-STARTS;
R6

RST =
115k ouT4

Y'Y Y\
1o L= | °FOR B M 1 U SYRRERE
330pF T TuH 100F S 515 474F
ar FB4 M

@D
=
o

R9 INWee 77 ¢q 174 =
26.1k —i

|||—

SWITCHING FREQUENCY = 2.2MHz

THEN CH3 AND CH4 TURN ON;
THEN POR TIMER STARTS;
AFTER POR TIMES OUT, THEN CH1 SOFT-STARTS.

8602 TAO4a

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LT3507/ 36V,2.7A + 1.8A + 1.8A + LDO Controller, 2.5MHz, High Efficiency, Triple | V)y = 4V to 36V, Vourminy = 0.8V, Ig = 7mA, Isp < 1pA,

LT3507A Output Step-Down DC/DC Converter 5mm x 7mm QFN

LT8640 42V, 6A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Viy = 3.4V to 42V, Voyruiny = 0.985V, lg = 2.50A, Isp < TpA,
DC/DC Converter with Ig = 2.5pA 3mm x 4mm QFN

LT8616 42V Dual (2.5A + 1.5A), 95% Efficiency 3MHz Synchronous MicroPower | Viy = 3.4V to 42V, Voyruiny = 0.8V, lg = 6.5pA, Isp < 1pA,
Step-Down DC/DC Converter with lq = 6.5pA TSSOP-28E Package

LT8614 42V, 4A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Viy = 3.4V to 42V, Voyruiny = 0.985V, lg = 2.5pA, Isp < TpA,
DC/DC Converter with lg = 2.5pA 3mm x 4mm QFN

LT8612 42V, 6A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Viy = 3.4V to 42V, Voyruiny = 0.985V, lg = 2.50A, Isp < TpA,
DC/DC Converter with lg = 2.5pA 3mm x 6mm QFN

LT8610 42V, 2.5A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Viy = 3.4V to 42V, Voyruiny = 0.985V, lg = 2.50A, Isp < TpA,
DC/DC Converter with lg = 2.5pA MSOP-16E

LT8611 42V, 2.5A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Viy = 3.4V to 42V, Voyriny = 0.985V, g = 2.50A, Isp < TpA,
DC/DC Converter with 1g = 2.5pA and Input/Output Current Limit/Monitor | 3mm x 5mm QFN-24

LT8610A/ 42V, 3.5A, 96% Efficiency, 2.2MHz Synchronous MicroPower Step-Down | Vyy = 3.4V to 42V, Voyruiny = 0.985V, lq = 2.50A, Isp < TpA,

LT8610AB DC/DC Converter with Iq = 2.5pA MSOP-16E
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30

NOW PART OF

L] TECHNOLOGY

LT 0617 REV B « PRINTED IN USA

ANALOG www.linearcom/LT8602
DEVICES © LINEAR TECHNOLOGY CORPORATION 2015



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View LT8602EUJ#PBH on WIN SOURCE

@ Linear Technologﬂ Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/linear-technology/lt8602euj-pbf.html
https://www.win-source.net/manufacturer/linear-technology

