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FEATURES

Dual 42V, 3A Combined Power Switch
Master/Slave (1.7A/1.3A) Switch Design

Wide Input Range: 2.5V to 22V Operating, 40V
Maximum Transient

Power Good Pin for Event Based Sequencing
Switching Frequency Up to 2.5MHz

Each Channel Easily Configurable as a Boost, SEPIC,
Inverting or Flyback Converter

Low Vggsar Switch: 270mV at 2.75A (Typical)

Can be Synchronized to an External Clock

Output Short-Circuit Protection

High Gain SHDN Pin Accepts Slowly Varying Input
Signals

24-Pin 7mm x 4mm DFN Package

APPLICATIONS

Local Power Supply

Vacuum Fluorescent Display (VFD) Bias Supplies
TFT-LCD Bias Supplies

Automotive Engine Control Unit (ECU) Power

| E /\D 18582

TECHNOLOGY  pyul 3A Boost/Inverting/SEPIC

DC/DC Converter with
Fault Protection
DESCRIPTION

The LT®8582 is a dual independent channel PWM DC/DC
converter withapower good pinand built-in fault protection
to help guard against input overvoltage and overtempera-
ture conditions. Each channel consists of a 42V master
switch and a 42V slave switch that can be tied together
for a total current limit of 3A.

The LT8582 is ideal for many local power supply designs.
Each channel can be easily configured in boost, SEPIC,
inverting, or flyback configurations. Together, the two chan-
nels can produce a 12V and a—12V output with 14.4W of
combined output power from a 5V input. In addition, the
LT8582’s slave switch allows the part to be configured in
high voltage, high power charge pump topologies that
are more efficient and require fewer components than
traditional circuits.

The LT8582also featuresinnovative SHDN pin circuitry that
allows for slowly varying input signals and an adjustable
undervoltage lockout function. Additional features such as
output short protection, frequency foldback and soft-start
are integrated. The LT8582 is available in a 24-pin 7mm
x 4mm DFN package.

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and ThinSOT
is a trademark of Linear Technology Corporation. All other trademarks are the property of their
respective owners. Protected by U.S. Patents including 7579816.
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LT8582
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

(Note 1)
Ving VORAGE ..o -0.3V to 40V
SWA1/SWBT1 Voltage.........ccoevevevevevercrenee, -0.4V to 42V TOP VIEW
RT1 VOIRAQE ..o -0.3V to 5V S B ol s
SS1 VOIAGE oo ~0.3V t0 2.5V v [ | | & cukour
FBXT VOIAGE ..o 0.3V to 5V ] | st
Vg VOIAGE e -0.3Vto 2V i :23 | i ;9_8 ssi
TN | I
g:gm \éﬁlrtrigﬁfrgx roxz [7] i 2 i g siice
...................................................... - Ve |81 7] $s2

SYNCT VOHAGE ... ~0.3V 0 5.5V oz e | G
GATET VOItage ....cvvveeeeceeeeeeeens -0.3V to 60V Vive T | | {4 cLkout2
PG1 VOIAGE ... -0.3V to 40V swewz oo I R
PG1 CUITENt ..o +0.5mA —
CLKOUTT e (NOte 5) 24-LEAD (7mm x 4mm) PLASTIC DFN
Operating Junction Temperature Range EXPOSEDTPJAWE/?)};Illlzzfg)cl’seéANz[)Bﬁgé\ql’BeEJCSBZE)(é/F\%AéD T0 PCB

LT8582E ..., -40°C to 125°C ’

LT8582I ..., -40°C to 125°C
Storage Temperature Range .................. -65°C to 150°C
Note: Absolute maximum ratings are shown for channel 1 only. Channel 2
ratings are identical.
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LT8582EDKD#PBF LT8582EDKD#TRPBF 8582 24-Pin (7mm x 4mm) Plastic DFN ~40°C t0 125°C
LT8582IDKD#PBF LT8582IDKD#TRPBF 8582 24-Pin (7mm x 4mm) Plastic DFN -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/
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LT8582

GLGCTRKHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vy = 5V, Vsgpy = Vin, unless otherwise noted (Note 2). Specifications
are identical for both channels unless noted otherwise.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Minimum Input Voltage V/y ) 2.3 2.5 V
Vn Overvoltage Lockout 22.2 24.5 27 V
Positive Feedback Voltage ® 1.185 1.204 1.220 v
Negative Feedback Voltage ) 2 7 16 mV
Positive FBX Pin Bias Current Vigy = Positive Feedback Voltage, Current into Pin ) 81 83.3 85 pA
Negative FBX Pin Bias Current Vigyx = Negative Feedback Voltage, Current out of Pin ° 81 83.3 85.5 pA
Error Amp Transconductance Al'=10pA 280 pmhos
Error Amp Voltage Gain 80 VIV
Quiescent Current Vsmpw = 2.5V, Not Switching 2.1 2.5 mA
Quiescent Current in Shutdown Vsaon =0 0 1 HA
Reference Line Regulation 2.5V <V <20V 0.01 0.05 %/
Switching Frequency, fosc Rt = 31.6kQ ® | 2125 2.5 2.875 MHz

Rt =407kQ o 170 200 230 kHz
Switching Frequency in Foldback Compared to Normal fpgg 1/6 ratio
Switching Frequency Range Free-Running or Synchronizing ] 200 2500 kHz
SYNC High Level for Sync ) 1.3 V
SYNC Low Level for Sync ) 0.4 vV
SYNC Clock Pulse Duty Cycle Vgyng =0V to 2V 20 80 %
Recommended Min SYNC Ratio fsync/fose 3/4 ratio
Minimum Off-Time 45 ns
Minimum On-Time 55 ns
SWA Current Limit Minimum Duty Cycle ) 1.8 2.4 3 A

Maximum Duty Cycle ) 1.3 1.8 2.5 A
SWA FAULT Current Limit Minimum Duty Cycle o 2.2 2.8 3.5 A

Maximum Duty Cycle ° 1.6 2.3 3.0 A
SW Current Sharing, Iswg/Iswa SWA and SWB Tied Together 0.79 A/A
SWA + SWB Current Limit Minimum Duty Cycle, Isws/Iswa = 0.79 ® 3.3 4.3 54 A

Maximum Duty Cycle, Isws/lswa = 0.79 ) 2.3 41 45 A
SWA + SWB FAULT Current Limit Minimum Duty Cycle, Isws/Iswa = 0.79 ° 4 5 6.3 A

Maximum Duty Cycle, Iswg/lswa = 0.79 o 2.8 4 5.4 A
Switch Veesar Iswa + lswg = 2.75A 270 mV
SWA Leakage Current Vgwa =5V, Vsmpn = 0 0.01 1 HA
SWB Leakage Current Vswg =5V, Vsmon = 0 0.01 1 pA
SS Charge Current Vsg = 30mV, Current Flows out of SS Pin ° 5.7 8.8 11.7 pA
SS Discharge Current Part in FAULT, Vgg = 2.1V, Current Flows into SS Pin o 5.7 8.8 11.7 HA
SS High Detection Voltage Part in FAULT ) 1.65 1.84 2 V
SS Low Detection Voltage Part Exiting FAULT ) 15 55 100 mV
SHDN Minimum Input Voltage High Active Mode, SHDN Rising o 1.26 1.31 1.4 v

Active Mode, SHDN Falling ° 1.21 1.27 1.35 V
SHDN Input Voltage Low Shutdown Mode ° 0.3 Vv
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18582

GLGCTBKHL CHHBHCTEI“STKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vy = 5V, Vsgpn = Vin, unless otherwise noted (Note 2). Specifications
are identical for both channels unless noted otherwise.

PARAMETER CONDITIONS MIN TYP MAX UNITS
SHDN Pin Bias Current Vsaon = 3V 45 65 pA

Vsmon = 1.3V 10.1 12.1 141 pA

Vsaon = 0V 0 0.1 pA
CLKOUT Output Voltage High 1mA out of CLKOUT Pin 1.9 2.1 2.3 '
CLKOUT Output Voltage Low 1mA into CLKOUT Pin 30 200 mV
CLKOUT1 Duty Cycle All'Ty 50 %
CLKOUT2 Duty Cycle Ty=-40°C 22.5 %

Ty=25°C 42 %

Ty=125°C 72 %
CLKOUT Rise Time CoLkout = 120pF 25 ns
CLKOUT Fall Time CeLkout = 120pF 15 ns
GATE Pull-Down Current Veate =3V [ 0.8 1 1.2 mA

Vgare = 20V ) 0.8 1 1.2 mA
GATE Leakage Current Vgate = 50V, GATE Off 0.01 1 pA
PG Threshold for Positive Feedback Voltage | Vegy Rising 1.09 1.15 1.20 V
PG Threshold for Negative Feedback Voltage | Vegy Falling 20 65 120 mV
PG Hysteresis for Feedback Voltage 4 mV
PG Output Voltage Low 100pA into PG Pin, Vigy = 1V ) 70 150 mV
PG Leakage Current Vpg = 40V, Vegy = 1.204V 0.01 1 pA

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 LT8582E is guaranteed to meet performance specifications
from 0°C to 125°C junction temperature. Specifications over the
-40°C to 125°C operating temperature range are assured by design,
characterization and correlation with statistical process controls. The
LT85821 is guaranteed over the full -40°C to 125°C operating junction

temperature range.

Note 3: Current limit guaranteed by design and/or correlation to static test.

Note 4: This IC includes overtemperature protection that is intended

to protect the device during momentary overload conditions. Junction
temperature will exceed 125°C when overtemperature protection is active.
Continuous operation over the specified maximum operating junction

temperature may impair device reliability.

Note 5: Do not apply a positive or negative voltage or current source to
CLKOUT, otherwise permanent damage may occur.
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LT8582

TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Tp = 25°C, unless otherwise noted.
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18582

TYPICAL PERFORMANCE CHARACTERISTICS
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LT8582

PIN FUNCTIONS (cHi/ch2)

FBX1, FBX2 (Pin6/Pin 7): Positive and Negative Feedback
Pins. For an inverting or noninverting output converter,
tie a resistor from the FBX pin to Vgyt according to the
following equations:

Vot —1.204V . .
Repy= OUT—); Noninverting
o ( 83.3PA Converter

Voutl+7mV .
Repx =(%); Inverting Converter

VC1, VC2 (Pin 5/Pin 8): Error Amplifier Output Pins. Tie
external compensation network to these pins.

GATE1, GATE2 (Pin 4/Pin 9): PMOS Gate Drive Pins. The
GATE pin is a pull-down current source and can be used
to drive the gate of an external PMOS transistor for output
short-circuit protection or output disconnect. The GATE
pin current increases linearly with the SS pin voltage,
with a maximum pull-down current of ImA at SS voltages
exceeding 550mV. Note that if the SS voltage is greater
than 550mV and the GATE pin voltage is less than 2V] the
GATE pin looks like a 2kQ2 impedance to ground. See the
Appendix for more information.

PG1, PG2 (Pin 3/Pin 10): Power Good Indication Pins.
This active high pin indicates that the FBX pin voltage for
the corresponding channel is within 4% of its regulation
voltage (Vrgx > 1.15V for noninverting outputs or Vegy <
65mV for inverting outputs). For most applications, a 4%
change in Vggy corresponds to an 8% changein Voyt. This
open drain output requires a pull-up resistor to indicate
power good. Also, the status is valid only when SHDN >
1.31Vand Vi > 2.3V.

VIN1, VIN2 (Pin 2/Pin 11): Input Supply Pins. Must be
locally bypassed.

SWA1, SWA2 (Pin 1/Pin 12): Master Switch Pins. This is
the collector of the internal master NPN power switch for
each channel. SWA is designed to handle a peak collector
current of 1.7A (minimum). Minimize the metal trace area
connected to this pin to minimize EMI.

SWB1, SWB2 (Pin 24/Pin 13): Slave Switch Pins. This is
the collector of the internal slave NPN power switch for
each channel. SWB is designed to handle a peak collector

current of 1.3A (minimum). Minimize the metal trace area
connected to this pin to minimize EMI.

CLKOUT1, CLKOUT2 (Pin 23/Pin 14): Clock Qutput Pins.
Use these pins to synchronize one or more other ICs to
either channel of the LT8582. Can also be used to syn-
chronize channel 1 or channel 2 of the LT8582 with the
otherchannel ofthe LT8582. This pin oscillates at the same
frequency as the internal oscillator of the part or, if active,
the SYNG pin. The CLKOUT pin signal on CH1 is 180° out
of phase with the internal oscillator or SYNC pin and the
duty cycle is fixed at ~50%. The CLKOUT pin signal on
CH2 is in phase with the internal oscillator or SYNC pin
and the duty cycle varies linearly with the part’s junction
temperature. Note that CLKOUT of either channel is only
meant to drive capacitive loads up to 120pF.

SHDN1, SHDN2 (Pin 22/Pin 15): Shutdown Pins. In
conjunction with the UVLO (undervoltage lockout) circuit,
these pins are used to enable/disable the channel and
restart the soft-start sequence. Drive below 0.3V to dis-
able the channel with very low quiescent current. Drive
above 1.31V (typical) to activate the channel and restart
the soft-start sequence. Do not float these pins.

RT1,RT2 (Pin21/Pin16): Timing Resistor Pins. Adjuststhe
switching frequency of the corresponding channel. Place
a resistor from these pins to ground to set the frequency
to a fixed free running level. Do not float these pins.

881, $82 (Pin 20/Pin 17): Soft-Start Pins. Place a soft-
start capacitor here. Upon start-up, the SS pins will be
charged by a (nominally) 250k resistor to ~2.1V. During
a fault, the SS pin for the corresponding channel will be
slowly charged up and discharged as part of a timeout
sequence (see the State Diagram for more information).

SYNC1, SYNC2 (Pin 19/Pin 18): Use to synchronize the
switching frequency of a channel to an outside clock. The
high voltage level of the clock must exceed 1.3V and the
low level must be less than 0.4V. Drive these pins to less
than 0.4Vto revertto the internal free running clock for the
corresponding channel. See the Applications Information
section for more information.

GND (Exposed Pad Pin 25): Ground. Exposed pad must
be soldered directly to local ground plane.
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BLOCK DIRGRAM

Resx
—AA——— FBX1
~ OPTIONAL _
L1 01‘\ 1 My 1
Y'Y Y\ < 1 P 1
VIN _'[_ ’_FJ . 1 ltl 1 _L VOLIT
e p3i — U | SRoate —l— i ——Courz
— = 1 1 —
= - i =
L
-
GATET | PG1
1mA
|
|
= DIE TEMP
| 165°C
START-UP +=Ving 115V
AND FAULT |«
LOGIC 222V
W'y (MIN) - FBX1
DRIVER
DISABLE esmy
2A
o <(z) M) Tp ~ 30ns oo
COMPARATOR
DRIVER
Ving
1.204V
L REFERENCE 25
U
b3 +
145k Al < v Rs
22mQ
FBXT1 -
g RAMP GND
o, GENERATOR _[]—_l
| |||| —
2 FREQUENCY | <N , [ ADJUSTABLE =
S14sk A2 41 | Forbsack 0SCILLATOR .1
i t
= SYNC
BLOCK Mn
Vi = | cLKouT**
1
_l_—“%v:r' -
c 8582 BD
C
S

**BLOCK DIAGRAM FOR CH1 IS SHOWN. BLOCK DIAGRAM FOR CH2 IS IDENTICAL, EXCEPT CLKOUT SIGNAL FOR CH1 IS 180° OUT OF PHASE

WITH THE INTERNAL OSCILLATOR AND HAS A FIXED 50% DUTY CYCLE AND CLKOUT SIGNAL FOR CH2 IS IN PHASE WITH THE INTERNAL OSCILLATOR
AND ITS DUTY CYCLE VARIES LINEARLY WITH THE PART'S JUNCTION TEMPERATURE.

Figure 1. Block Diagram
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LT8582

STATE DIAGRAM

SHDNT < 1.31V

OR
VNt < 2.3V
CHIP OFF
o ALL SWITCHES DISABLED
« IGATET OFF
« FAULTs CLEARED
SHDNT > 1.31V
AND
Ving > 2.3V
v
INITIALIZE
FAULT
+ 551 PIN PULLED LOW v —
SS1PIN < 55mV v
y FAULT DETECTED
SOFT START + 551 CHARGE UP
« IGATE1 ENABLED FAULT « IGATE1 OFF <
»| +SS1 PIN CHARGES UP > « SWITCHER DISABLED
« SWITCHER ENABLED « CLKOUT DISABLED
SS1 PIN > 1.84V AND
v NO FAULT CONDITIONS
SAMPLE MODE J STILL DETECTED
+Q1 AND Q2 SWITCHES
FORCED ON EVERY CYCLE POST FAULT DELAY
FOR AT LEASTMINIMUM |\ + 551 PIN SLOWLY
»| ONTIME > DISCHARGES
« IGATE1 FULLY ACTIVATED
WHEN SS1 > 550mV SS1< 55mV
«PG1 PIN PULLED LOW
BY LT8582
FBX1 > 1.15V
(NONINVERTING)
OR
FBX1 < 65mV
(INVERTING) Y
IF [Vout| DROPS CAUSING: e
FBX1 < 1.15V (NONINVERTING) NORMAL MODE
OR « NORMAL OPERATION
FBX1 > 65mV (INVERTING) | « CLKOUT1 ENABLED WHEN | FAULT
SS1>1.84V >

* PG1 PIN PULLDOWN
RELEASED BY LT8582

FAULT = OVERVOLTAGE PROTEGTION ON Vyy (Viyq > 22.2V MIN)

OVERTEMPERATURE (TyuncTiont > 165°C)
OVER CURRENT ON SWAT (Iswat > 2A MIN (DUTY CYCLE DEPENDENT)

Figure 2. State Diagram

STATE DIAGRAM FOR CH1 IS SHOWN. STATE
DIAGRAM FOR CH2 IS IDENTICAL AND
INDEPENDENT FROM CH1.
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18582

OPERATION
OPERATION - OVERVIEW

The LT8582 usesaconstantfrequency, currentmode control
scheme to provide excellent line and load regulation. Each
channel’s undervoltage lockout (UVLO) function, together
with soft-start and frequency foldback, offer a controlled
means of starting up. Fault features are incorporated into
each channel of the LT8582 to facilitate the detection of
output shorts, overvoltage and overtemperature condi-
tions. Please refer to the Block Diagram (Figure 1) and
the State Diagram (Figure 2) for the following description
of the part’s operation.

OPERATION - START-UP

Several functions are provided to enable a very clean
start-up of both channels of the LT8582.

Precise Turn-On Voltage

The SHDN pin on each channel is compared to an internal
voltage referenceto givea preciseturn onvoltage level. Tak-
ing each SHDN pinabove 1.31V enables the corresponding
channel. Taking each SHDN pin below 300mV shuts down
the channel, resulting in extremely low quiescent current
for that channel. The SHDN pin has 35mV of hysteresis
to protect against glitches and slow ramping.

Configurable Undervoltage Lockout (UVLO)

The SHDN pin can also be used to create a configurable
UVLO for each channel. This function sets the turn on/
off of each of LT8582’s channels at a desired voltage
(VINyyLo). Figure 3 shows how a resistor divider (or a
single resistor) from Vy to the SHDN pin can be used to
program VINyyio. Ryvioz is optional. If left out, set it to
infinite in the equation below. For increased accuracy, set
Ruvio2 < 10k. Pick Ryyio1 as follows:

VINyy o —1.31V

RUVLO1 :( 131V )+12 SUA
uvLo2 .

Vin Vin

Ruvor | _ﬂ_

! 12.3A

ACTIVE/
LOCKouT

Figure 3. Configurable UVLO

Internal Undervoltage Lockout (UVLO)

Regardless of where external circuitry sets VINyyL o, the
LT8582 also has internal UVLO circuitry that disables the
chip when V) < 2.3V (typical).

Soft-Start of Switch Current

The soft-start circuitry provides for a gradual ramp-up of
the switch current in each channel (refer to Commanded
Current Limit vs SS Voltage in Typical Performance
Characteristics). When the channel is taken out of shut-
down, the external SS capacitor is first discharged. This
resets the state of the logic circuits in the channel. Then
an integrated 250k resistor pulls the channel’s SS pin to
~1.84V. The ramp rate of the SS pin voltage is set by this
250k resistor and the external capacitor connected to this
pin. Once SS gets to ~1.84V, the CLKOUT pin is enabled
and an internal regulator pulls the pin up quickly to ~2.1V.
Typical values for the external soft-start capacitor range
from 100nF to 1pk

Soft-Start of External PMOS (if used)

The soft-start circuitry also gradually ramps up the GATE
pin pull-down current for the corresponding channel. This
allows an external PMOS to slowly turn on (M1 in Block
Diagram). The GATE pin current increases linearly with
SS voltage, with a maximum current of TmA when the
SS voltage gets above 550m\. Note that if the GATE pin
voltage is less than 2V for SS voltages exceeding 550mV,
then the GATE pin impedance to ground is 2kQ. The soft
turn on of the external PMOS helps limit inrush current at
start up, making hot plugs of LT8582s feasible.
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LT8582

OPERATION

Sample Mode

Sample mode is the mechanism used by the LT8582 to
aid in the detection of output shorts. It refers to a state of
the LT8582 where the master and slave power switches
(Q1 and Q2) are turned on for a minimum period of time
every clock cycle (or every few clock cycles in frequency
foldback) in order to sample the inductor current. If the
sampled current through Q1 exceeds the master switch
fault current limit of 2A (minimum), the LT8582 triggers
an overcurrent fault internally for that channel (see Op-
eration — Fault section for details). Sample mode exists
when FBX for that channel is out of regulation by more
than 4% (65mV < FBX < 1.15V). During this mode, PG
will be pulled low.

Frequency Foldback

The frequency foldback circuit reduces the switching
frequency for that channel when 144mV < FBX < 1.03V
(typical). This feature lowers the minimum duty cycle that
the channel can achieve, thus allowing better control of
the inductor current during start-up. When the FBX volt-
age is pulled outside of the above mentioned range, the
switching frequency for that channel returns to normal.

Note that the peak inductor currentat start-up isafunction
of manyvariablesincluding load profile, output capacitance,
target Vour, Vin, switching frequency, etc.

OPERATION — REGULATION

The following description of the LT8582’s operation as-
sumesthatthe FBX voltageis close enoughtoits regulation
target so that the part is not in sample mode. Also, this
descriptionapplies equally to both channels independently
of each other. Use the Block Diagram as a reference when
stepping through the following description of the LT8582
operating in regulation.

At the start of each oscillator cycle, the SR latch (SR1) is
set, which turns on the power switches Q1 and Q2. The

collector current through the master switch, Q1, is ~1.3
times the collector current through the slave switch, Q2,
when the collectors of the two switches are tied together.
Q1’s emitter current flows through a current sense resis-
tor (Rg) generating a voltage proportional to the switch
current. This voltage (amplified by A4) is added to a sta-
bilizing ramp and the resulting sum is fed into the positive
terminal of the PWM comparator A3. When the voltage on
the positive input of A3 exceeds the voltage on the nega-
tive input, the SR latch is reset, turning off the master and
slave power switches. The voltage on the negative input
of A3 (V¢ pin) is set by A1 (or A2), which is simply an
amplified difference between the FBX pin voltage and the
reference voltage (1.204V if the LT8582 is configured as a
noninverting converter, or 7mV if configured as an invert-
ing converter). In this manner, the error amplifier sets the
correct peak current level to maintain output regulation.

As long as the channel is not in fault and the SS pin ex-
ceeds 1.84V, the LT8582 drives the CLKOUT pin for that
channel at the frequency set by the RT pin or the SYNC
pin. The CLKOUT pin can synchronize other ICs, including
additional LT8582s or the other channel of an LT8582, up
to 120pF load on CLKOUT. For channel 1, CLKOUT1 has a
fixed duty cycle and is 180° out of phase with the internal
clock. For channel 2, CLKOUT2's duty cycle varies linearly
with channel 2’s junction temperature and may be used
as a temperature monitor.

OPERATION - FAULT
Eachofthefollowing events cantriggerafaultinthe LT8582:
1. SW Overcurrent:
a. lswa > 2A (minimum)
b. (Iswa + lswg) > 3.5A (minimum)
2. V| Voltage > 22.2V (minimum)
3. Die Temperature > 165°C
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OPERATION

Refer to the State Diagram (Figure 2) for the following
description of the LT8582’s operation during a fault
event. When a fault is detected on a channel, the LT8582
disables the CLKOUT pin for that channel, turns off the
power switches for that channel and the GATE pin for that
channel becomes high impedance. The external PMOS,
M1, is turned off by the external Rgare resistor (see
Block Diagram). With the external PMOS turned off, the
power path from V)y to Vgur is opened, protecting
power path components. Also, as soon as the feedback
voltage falls inside the range 65mV < FBX < 1.15V, PG
pulls low. Refer to Figure 4 for the case of an output short.

Atthe beginning of a fault event, atimeout sequence com-
mences where the SS pin for that channel is charged up to
1.84V (the SS pin will continue charging up to ~2.1V and
be held there in the case of a FAULT event that still exists)
and then discharged to 55mV. This timeout period relieves
the chip, the PMOS and other power path components
from electrical and thermal stress for a minimum amount
of time set by the voltage ramp rate on the SS pin.

OPERATION — CURRENT LIMIT

The current limit operates independently of the FAULT
current limit. The current limit sets a maximum switch
current. This switch current limit is duty cycle dependent,
but for most applications will be around 3A minimum (see
the Electrical Characteristics). Once this limit is reached,
the switch duty cycle decreases, reducing the magnitude
of the output voltage. If, despite the reduced duty cycle
the switch currentreaches the FAULT current limit, the part
will behave as described in the Operation — Fault section.

CLKOUT

sv/Iv |
Voyry [r———
5V/DIV :
GATE [ /_——-—
5V/DIV -
IL1
5A/DIV

204s/DIV e ot

Figure 4. Output Short-Circuit Protection of the LT8582
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APPLICATIONS INFORMATION

Boost Converter Component Selection

L1 D1 OPTIONAL
4.74H v
Vin - — 150
v 0.8A
SWA  SWB
N resen
215k
SADN CHx  GATE ::%’HEZ
100K
PG CLKOUT f—
RT Vo —o
—1_Cyn <Rt |
——47yF $536k L_SYNC GND_SS a7pr $84%
_I_01uF 4.70F
1 ! 1
8582 FO5

Figure 5. Boost Converter — The Component Values Given
Are Typical Values for a 1.5MHz, 5V to 12V Boost

Each channel of the LT8582 can be configured as a boost
converter as in Figure 5. This topology allows for positive
output voltages that are higher than the input voltage. An
external PMOS (optional) driven by the GATE pin of the
LT8582 can achieve input or output disconnect during a
FAULT event, SHDN < 1.31V, or Vy < 2.3V. Figure 5 shows
the configuration for output disconnect. A single feedback
resistor setsthe output voltage. For output voltages higher
than 40V, see the Charge Pump Topology in the Charge
Pump Aided Regulators section.

Table 1 is a step-by-step set of equations to calculate
component values for the LT8582 when operating as a
boost converter. Input parameters are input and output
voltage and switching frequency (V)y, Voyt and fogg re-
spectively). Refer to the Appendix for further information
on the design equations presented in Table 1.

Variable Definitions:

Vin = Input Voltage

Vour = Output Voltage

DC = Power Switch Duty Cycle

fosc = Switching Frequency

loyr = Maximum Output Current

lrippLe = Inductor Ripple Current

Rpson pmos = Rpson of External Output PMOS (set to 0
B if not using PMOS)

Table 1. Boost Converter Design Equations

PARAMETERS/EQUATIONS

Step 1: Inputs

Choose Vi, Vout and fgsc to calculate equations
below.

Step 2:0C DC = VOUT_V|N+O'5V
- VOUT +0.5V-0.3V
Step 3: L1 (Viy—0.3)¢DC
Lrve=""—n (1)
0sC

(V= 0.3V)+(2+DC 1)
1.7A'fosc‘(1—DC) (2)

Lyin=

(Vjy—0.3V)+DC

Lypa =
MAX f050'0.18A (3)

* Solve equations 1, 2 and 3 for a range of L
values

e The minimum of the L value range is the
higher of Lyp and Ly

 The maximum of the L value range is Lyax

Step 4: IrippLE

(V= 0.3V) *DC
lRIPPLEzi

fosc *L4
Step 5: lour IRIPPLE
lout = (SA—T) -(1-DC)
Step 6: D1 VR 2 Vout; lave 2 lout
Step 7: Cour Cout1=Cour2
S loyr*DC
fosc (0.01+Voyr=0.5¢lgyr*Rpson_pmos)
e |f PMOS is not used, then use just one
capacitor where Coyt = Cout1 + CouT2
Step 8: Cin Cin = Cyy + Cpwr =
3A-DC . rippLE
50 .fOSC.O'005'V|N 8'fOSC.O'OO5'V|N
Step 9: Rrgx a_(Vour=1.204v
FBX 83.3)A
Step 10: R
P Rng—tfoscin MHz and Rt in ke
0sC

Step 11: PMOS

Only needed for input or output disconnect. See
PMOS Selection in the Appendix for information
on sizing the PMOS and the biasing resistor,
Rgate and picking appropriate UVLO components.

Note 1: Above equations use numbers good for many applications but

for more exact results use the equations from the appendix with numbers
from the Electrical Characteristics.
Note 2: The final values for Cgyr1, Coyte and Gy may deviate from the

above equations in order to obtain desired load transient performance.
8582f
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APPLICATIONS INFORMATION

SEPIC Converter Component Selection — Coupled or
Uncoupled Inductors

L1

Vin 6.8uH Vour
3V ) ————2rYY Y\ | J 5V
19V 1AV >12V)
L2
6.8uH
SWA SWB ° Repx
= 453k
Viy LT8582 FBX AN
CHx Cout
SHDN GATE f— —r 7l
100k x2
M PG CLKOUT f—
RT Ve
== 3 147k
—10pF S107K LSYNC GND SS A7pF
1
0.1pF 1.50F
i ®
8582 F06

Figure 6. SEPIC Converter - The Component Values Given
Are Typical Values for a 700kHz, 3V - 19V to 5V SEPIC
Topology Using Coupled Inductors

Each channel of the LT8582 can also be configured as a
SEPIC as shown in Figure 6. This topology allows for posi-
tive output voltages that are lower, equal, or higher than
the inputvoltage. Output disconnectisinherently builtinto
the SEPIC topology, meaning no DC path exists between
the input and output due to capacitor C1. Therefore the
external PMOS is not required.

Table 2 is a step-by-step set of equations to calculate
component values for the LT8582 when operating as a
SEPIC converter. Input parameters are input and output
voltage and switching frequency (Vin, Vout and fose
respectively). Referto the Appendix for furtherinformation
on the design equations presented in Table 2.

Variable Definitions:

Vin = Input Voltage

Vour = Output Voltage

DC  =Power Switch Duty Cycle
fosc = Switching Frequency
lour  =Maximum Output Current
lrippLE = Inductor Ripple Current

Table 2. SEPIC Design Equations
PARAMETERS/EQUATIONS

Choose V, Vout and fogg to calculate equations
below.

Step 1: Inputs

Step 2: DC Voyr +0.5V

=V + Vour + 0.5V 0.3V

DC

Step 3: L (V;y—0.3V)+DC

1
fOSC 1A ( )

Lrvp=

L _(Viy=03V)+(2+DC~1)
MINT "1 7A+fygc *(1-DC)

(2)

(VlN - 03V)°DC

3
fosc'0.18A ( )

I-MAX =

e Solve equations 1, 2 and 3 for a range of L
values

e The minimum of the L value range is the
higher of Ltyp and Lyjn

e The maximum of the L value range is Lyax
e | =L1=L2forcoupled inductors.
e L =L1||L2 for uncoupled inductors.

(V;y—0.3V) +DC

Step 4: IpippLE |
RIPPLE =

fosceL
Step 5: 1
o Tout IOUT=(3A—IR”°%]-(1—DC)
Step 6: D1 VR 2 Vin + Vour; lave = lout
Step 7: C1 C1 > 1yF; Vrating = Vin
Step 8: Cour lgyr *DC
Cour= 7~ 0.005+V
osc*U. out
Step 9: Cin Cin 2 Cyin+Cpwr 2
3A+DC IRipPLE
50.fOSC.0'005.VIN 8‘f030‘0.005'V|N
Step 10: Repy _
Regy [ Vour =1.204V
83.3PA
Step 11: R
PR Ry =018 1.5 coin MHz, Ry inke
fosc

Note 1: Above equations use numbers good for many applications but
for more exact results use the equations from the appendix with numbers
from the Electrical Characteristics.

Note 2: The final values for Coyt, and Cyy may deviate from the above
equations in order to obtain desired load transient performance.
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APPLICATIONS INFORMATION

Dual Inductor Inverting Converter Component
Selection — Coupled or Uncoupled Inductors

C1

L1 L2
y 4.7yH 2'|2“F 4.7\H Vour
N g YY"\ O =Y
v I 550mA
D1
30V, 2A
SWA SWB = ?53)&

vy L8582  FBX
CHx

P, —1_ Cout2
SHDN GATE f— —— 10pF
100k

———VWA—] PG CLKOUT f—

RT Ve
SYNC GND_SS S
T TF

0.1y 2.2nF
)\ 1

—L_Cyy Rt
—— 4.7yF S53.6K

8582 FO7

Figure 7. Dual Inductor Inverting Converter — The Component
Values Given Are Typical Values for a 1.5MHz, 5V to -12V
Inverting Topology Using Coupled Inductors

Due to its unique FBX pin, each channel of the LT8582 can
workinadualinductorinverting configurationas shownin
Figure 7. Changing the connections of L2 and the Schottky
diode inthe SEPIC topology results in generating negative
output voltages. This configuration results in very low
output voltage ripple due to inductor L2 in series with
the output. Output disconnect is inherently built into this
topology because of capacitor C1.

Table 3 is a step-by-step set of equations to calculate
componentvalues forthe LT8582 when operating asa dual
inductor inverting converter. Input parameters are input
and output voltage and switching frequency (Vn, Vout
and fpgc respectively). Refer to the Appendix for further
information on the design equations presented in Table 3.

Variable Definitions:

Vi =Input Voltage

Voutr = Output Voltage

DC = Power Switch Duty Cycle
fosc = Switching Frequency
louyr = Maximum QOutput Current
lrippLE = Inductor Ripple Current

Table 3. Dual Inductor Inverting Design Equations
PARAMETERS/EQUATIONS

Choose Vi, Vout and fosc to calculate equations
below.

Step 1: Inputs

Step 2: DC | Vour |+0.5V

=V + [ Vour | +0.5V-0.3V

Step 3: L (Viy—0.3V)+DC

fosc'1A (1)

LTYP =

L _(Viy=03V)+(2+DC~1)
MINT 1 7Aefygc *(1-DO)

()

(Viy—0.3V)+DC

3
f050°0.18A ( )

LMAX =

¢ Solve equations 1, 2 and 3 for a range of L
values

e The minimum of the L value range is the
higher of Lyyp and Ly

e The maximum of the L value range is Lyax
e L =L1=L2forcoupled inductors.
L = L1||L2 for uncoupled inductors.

(V= 0.3V) +DC

Step 4: IrippLe |
RIPPLE =

fosc L
Step 5: 1
pa:lour |OUT=(3A_|RIPZPLE),(1_DC)
Step 6: D1 Vr>Vin + [Voutl; Tave > lout
Step 7: C1 C1 > 1pF; Vraring > Vin + Vourl
Step 8: Cour Cour [R1PPLE
8+fosc® 0.005¢| Voyr]
Step 9: ClN CINZCVIN+CPWR2
3A+DC IRiPPLE
50 .fOSC ¢(0.005¢ VIN 8 .fOSC ¢(0.005¢ VIN
Step 10: Repy | Vout [+ 7mV
Regx="—gaa—71—
83.31A
Step 11: R
PALAT Ry =818 1160 in MHzZ Rrinke
fosc

Note 1: Above equations use numbers good for many applications but
for more exact results use the equations from the appendix with numbers
from the Electrical Characteristics.

Note 2: The final values for Coyt, and Cyy may deviate from the above
equations in order to obtain desired load transient performance.
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APPLICATIONS INFORMATION
LAYOUT GUIDELINES FOR LT8582

General Layout Guidelines

To improve thermal performance, solder the exposed
ground pad of the LT8582 to the ground plane, with
multiple vias in and around the pad connecting to ad-
ditional ground planes.

A ground plane should be used under the switcher
circuitry to prevent interplane coupling and reduce
overall noise.

High speed switching paths (see specific topology
below for more information) must be kept as short as
possible.

The Vg, FBX and Ry components should be placed
as close to the LT8582 as possible, while being as far
away as practically possible from the switch node. The
ground forthese components should be separated from
the switch current path.

Place the bypass capacitors for the Vjy pins (Cyy) as
close as possible to the LT8582.

Place the bypass capacitors for the inductors (CpwR)
as close as possible to the inductors.

Bypass capacitors Cpyg and Gy;y may be combined
into a single bypass capacitor, Gy, if the input side of
the inductor can be close to the V) pin of the LT8582.

Boost Topology Specific Layout Guidelines

* Keep length of loop (high speed switching path) gov-
erning switch, diode D1, output capacitor Coyrt1 and
ground returnas shortas possible to minimize parasitic
inductive spikes during switching.

SEPIC Topology Specific Layout Guidelines

* Keep length of loop (high speed switching path) gov-
erning switch, flying capacitor C1, diode D1, output
capacitor Coyr¢ and ground return as short as possible
to minimize parasitic inductive spikes during switching.

Inverting Topology Specific Layout Guidelines

e Keep ground return path from the cathode of D2
(tochip) separated from output capacitor Coyrs'sground
return path (tochip) inorderto minimize switching noise
coupling into the output. Notice the separate ground
return for D2’s cathode in Figure 8.

* Keep length of loop (high speed switching path) gov-
erning switch, flying capacitor C1 (in Figure 8), diode
D2 and ground return as short as possible to minimize
parasitic inductive spikes during switching.
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APPLICATIONS INFORMATION
THERMAL CONSIDERATIONS

Overview

Forthe LT8582to deliverits full output power, itisimperative
that a good thermal path be provided to dissipate the heat
generated within the package. This can be accomplished
by taking advantage of the thermal pad on the underside
of the chip. It is recommended that multiple vias in the
printed circuitboard be usedto conduct heataway fromthe
chipandinto copper planes withas much areaas possible.

Power and Thermal Calculations

Power dissipation in the LT8582 chip comes from four
primary sources: switch I2R loss, NPN base drive loss
(AC + DC) and chip bias current. The following formulas
assume continuous mode operation, so they should not
be used for calculating thermal losses or efficiency in
discontinuous mode or at light load currents.

e

Cpwi

5

" E *c ° CLKOUT2 ————o

1 L L

o O S

i E_E%III:L'IIIII

i T

%'—CJW'T

L1

Figure 8. Suggested Component Placement for Boost and Dual Inductor Inverting Topologies.
Note the Separate Ground Return for the Ry, SS, and V¢ Components as Well as D2’s Cathode
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LT8582
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Figure 9. Suggested Component Placement for SEPIC and Dual Inductor Inverting Topologies.
Note the Separate Ground Return for the Ry, SS, and V¢ Components as Well as D2’s Cathode
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Table 4 calculates the power dissipation of one
channel of the LT8582 for a particular boost
application (Viy=5V, Voyr=12V, Igy7=0.8A,fpsc=1.5MHz,
Vp = 0.5V, Vgesar = 0.270V).

From ProtaL in Table 4, die junction temperature can be
calculated using the appropriate thermal resistance number
and worst-case ambient temperature:

Ty=Ta+6ya°ProTaL

where T = die junction temperature, Tp = ambient tem-
perature and 6 is the thermal resistance from the silicon
junction to the ambient air;

The published 6, value is 34°C/W for the 7mm x 4mm
24-pin DFN package package. In practice, lower 6, values
arerealizableif board layoutis performed with appropriate
grounding (accounting for heat sinking properties of the
board) and other considerations listed in the Board Layout
Guidelines section. For instance, a 6, value of ~16°C/W
was consistently achieved for DFN packages ofthe LT8582
(atViy =9V, Vout =12V, Igyt=0.8A, fogc = 1.5MHz) when
board layout was optimized as per the suggestions in the
Board Layout Guidelines section.

Junction Temperature Measurement

The duty cycle of CLKOUT2 is linearly proportional to die
junctiontemperature (T;) nearthe CLKOUT2 pin. To getan
accurate reading, measure the duty cycle of the CLKOUT
signal and use the following equation to approximate the
junction temperature:

_ DCCLKOUT - 3450/0
- 0.3%

where DCgkour is the CLKOUT duty cycle in % and Ty is
the die junction temperature in °C. Although the absolute
die temperature can deviate from the above equation by
+10°C, the relationship between the CLKOUT duty cycleand
change in die temperature is well defined. A 3% increase
in CLKOUT duty cycle corresponds to ~10°C increase in
die temperature.

T,

Note that the CLKOUT pinis only meant to drive capacitive
loads up to 120pF

Thermal Lockout

When the die temperature exceeds 165°C (see Operation
Section), a fault condition occurs and the part goes into
thermal lockout. The fault condition ceases when the die
temperature drops to ~160°C (nominal).

Table 4. Calculations Example with Vi = 5V, Voyt = 12V, lgy7 = 0.8A, fgs¢ = 1.5MHz, Vp = 0.5V, Voggar = 0.27V

DEFINITION OF VARIABLES EQUATION DESIGN EXAMPLE VALUE
DC = Switch Duty Cycle DG Vout - Vin+Vp _ 12V-5V+0.5V DC=61.3%
" VouT+ Vp - VeESAT ~12V+0.5V-0.270V
Iin = Average Input Current I Vout *lout 12V «(.8A Iy =2.18A
n = Power Conversion Efficiency M= Ve N="5v.0.88
(typically 88% at high currents)
Pgw = Switch I2R Loss Psw = DC * I;y% * Ry Psw = 0.613 » (2.18A)2 « 95mQ Psw = 277mW
Rsy = Switch Resistance (typically
95mQ combined SWA and SWB)
Pgac = Base Drive Loss (AC) Pgac = 13ns iy * Vourt * fosc Pgac=13ns*2.18A « 12V « 1.5MHz Pgac =511mW
Pgpg = Base Drive Loss (DC) VineliyeDC 5Ve2.18A*0.613 Pgpg = 134mW
Peoc=7 — — Pec="—""72,—
BSW?ath”\,
Pnp = Chip Bias Loss Pinp=11mAe Vi Pinp=11mA 5V Pinp = 55mW
ProtaL = 977mW

Note: These power calculations are for one channel of the LT8582. The power consumption of both channels should be taken into account when

calculating die temperature.
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SWITCHING FREQUENCY

There are several considerations in selecting the operat-
ing frequency of the converter. The first is staying clear
of sensitive frequency bands, which cannot tolerate any
spectral noise. For example, in RF communication prod-
ucts with a 455kHz IF, switching above 600kHz is desired.
Communication products with sensitivity to 1.1MHz would
require to setthe switching frequency to 1.5MHz or higher.
Also, like any other switching regulator, harmonics of much
higher frequency than the switching frequency are also
produced. The second consideration is the physical size
of the converter. As the operating frequency goes up, the
inductor and filter capacitors go down in value and size.
The trade-off is efficiency, since the switching losses due
toinductor AC loss, NPN base drive (see Thermal Calcula-
tions), Schottky diode charge and other capacitive loss
terms increase proportionally with frequency.

Oscillator Timing Resistor (Ry)

The operating frequency of the LT8582 can be set by the
internal free running oscillator. When the SYNC pin for a
channel is driven low (< 0.4V), the oscillator frequency
for that channel is set by a resistor from the RT pin to
ground. The oscillator frequency is calculated using the
following formula:

816
0S¢~ R +1

where fogg is in MHz and Ry is in kQ. Conversely, Rt
(in kQ) can be calculated from the desired frequency (in
MHz) using:

=818

fosc

Clock Synchronization

The operating frequency of each channel of the LT8582
can be set by an external source by simply providing
a clock into the SYNC pin for that channel (Rt resistor
still required). The LT8582 will revert to its internal free
running oscillator clock (set by the Ry resistor) when the
SYNC pin is driven below 400mV for several free running
clock periods.

Driving the SYNC pin of a channel high for an extended
period of time effectively stops the oscillator for that chan-
nel. As a result, the switching operation for that channel of
the LT8582 will stop and the CLKOUT pin of that channel
will be pulled low.

The duty cycle of the SYNC signal must be between 20%
and 80% for proper operation. Also, the frequency of the
SYNC signal must meet the following two criteria:

(1) SYNC may not toggle outside the frequency range
of 200kHz to 2.5MHz.

(2) The SYNC frequency can be higherthanthe free run-
ning oscillator frequency (as set by the Ry resistor),
fosc, but should not be less than 25% below fog.

Clock Synchronization of Additional Regulators

The CLKOUT pins of the LT8582 can be used to synchro-
nize additional switching regulators or other channels of
LT8582s, as shown in the Typical Application figure on
the front page.

The frequency of channel 1 of the LT8582 is set by the
external Ry resistor. The SYNC pin of channel 2 of the
LT8582 is driven by the CLKOUT pin of channel 1 of the
LT8582. Channel 1’s CLKOUT pin has a 50% duty cycle
intended for driving SYNG2 and is 180° out of phase for
reduced input ripple or multiphase topologies.

Note that the RT pin of channel 2 of the LT8582 must have
aresistor tied to ground. It takes a few clock cycles for the
CLKOUT signal to begin oscillating and it is preferable for
all LT8582 channels to have the same internal free running
frequency. Therefore, in general, use the same value Ry
resistor for all of the synchronized LT8582s.

EVENT BASED SEQUENCING

The PG pin may be used to sequence other ICs since it
is pulled low as long as the LT8582 is enabled and the
magnitude of the output voltage is below regulation (refer
to the Block Diagram). Since the PG pin is an open drain
output, it can be used to pull the SHDN pin of another IC
low until the output of one of the channels of the LT8582
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is close to its regulation voltage. This method allows the
PG pin to disable multiple ICs. Refer to Figure 10 for the
necessary connections. Alternatively, the PG pin may be
used to pull the SS pin of another switching regulator low,
preventing the other regulator from switching.

LT8582

Vi
RuvLot %Ruvwz
SHDNgys *—9 [om
'—
g

= 8582F10

SET RyvLo1 AND Ryyio2 SUCH THAT
VINTyyLo < VIN2yyLo

SEE CONFIGURABLE UNDERVOLTAGE LOCKOUT
SECTION FOR DETAILS

Figure 10. Using the Two LT8582 Channels, with Power
Supply Sequencing

CHARGE PUMP AIDED REGULATORS

Designing charge pumps with the LT8582 can offer efficient
solutions with fewer components than traditional circuits
because of the master/slave switch configuration on the
IC. Although the slave switch, SWB, operates in phase
with the master switch, SWA, only the current through the
master switch (SWA) is sensed by the current comparator
(A4 in the Block Diagram). This method of operation by
the master/slave switches can offer the following benefits
to charge pump designs:

* The slave switch, by not performing a current sense
operation like the master switch, can sustain fairly
large current spikes without falsely tripping the current
comparator. Inacharge pump, these spikes occur when
the flying capacitors charge up. Since this current spike
flows through SWB, it does not affect the operation of
the current comparator (A4 in the Block Diagram).

* The master switch, immune from the flying capaci-
tor current spike (seen only by the slave switch), can
therefore sense the inductor current more accurately.

* Since the slave switch can sustain large current spikes,
the diodes that feed currentinto the flying capacitors do
not need current limiting resistors, leading to efficiency
andthermalimprovements, as wellas asmaller solution
size.

High Vgt Charge Pump Topology

The LT8582 can be used in a charge pump topology as
shown in Figure 11, multiplying the output of a boost
converter. The master switch (SWA) can be used to drive
the boost converter, while the slave switch (SWB) can
be used to drive one or more charge pump stages. This
topology is useful for high voltage applications including
VFD bias supplies.

> 9— 100V
J | 80mA
— _2.2)F
[<
- J
—2.2yF r Vout2
g 66V
120mA
—_—2.21F
r< — u
- J

—2.2uF

4

20H f >

SWA SWB =
Viy LT8582  FBX

Vi
9V T0 16V

576k

CHx
SHDN GATE
100k

! PG CLKOUT f[—
4.7yF

f— RT Ve — _2.20F

80.6K | SYNC_GND_SS arpp 21K

4
2.24F 1.50F
! 31 a1
8582 F11

Figure 11. High Vgyt Charge Pump Topology
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APPLICATIONS INFORMATION

Single Inductor Inverting Topology

If there is a need to use just one inductor to generate a
negative output voltage whose magnitude is greater than
Vi, the single inductor inverting topology (shown in
Figure 12) can be used. Since the master and slave switches
are isolated by a Schottky diode, the current spike through
C1 will flow only through the slave switch, preventing the
current comparator, (A4 in the Block Diagram) from false
tripping. Output disconnect is inherently built into the
single inductor topology.

L1 D1 ot D3 Vour < 0V
Vin ’WY\—o—}vPo—l « AND
[Vourtl > Vi
VD2
SWA  SWB =
RrBx
Viy LT8582  FBX
CHx .
SHDN GATE [— ——GCour
100k
PG CLKOUT f—
—[Y RT Ve
Rr | _sync enD_ss e She
1
Css Ce
® 1 & 1
8582 F12

Figure 12. Single Inductor Inverting Topology

HOT-PLUG

Highinrush currents associated with hot-plugging Vi can
largely be rejected with the use of an external PMOS. A
simple hot-plug controller can be designed by connecting
an external PMOS in series with V), with the gate of the
PMOS being driven by the GATE pin of the LT8582. The
GATE pin pull-down current is linearly proportional to the
SSvoltage. Since the SS charge up time is relatively slow,
the GATE pin pull-down current will increase gradually,
thereby turning on the external PMOS slowly. Controlled
in this manner, the PMOS acts as an input current limiter
when Vy hot-plugs or ramps up sharply.

Likewise, when the PMOS is connected in series with the
output, inrush current into the output capacitor can be
limited during a hot-plug event. Toillustrate this, the circuit
in Figure 5 was reconfigured by adding a large 1500pF
capacitor to the output. An 18Q resistive load was used
and Cggwas increasedto 10pF. Figure 13 shows the results
of hot-plugging this reconfigured circuit. Notice how the
inductor current is well behaved.

Vin
5V/DIV

e

Vourt
10V/DIV —

S5 —/"_—.
1V/DIV
I 1 |
2A/DIV

ZS/DIV 8582 F13

Figure 13. V) Hot-Plug Control. Inrush Current Is Well Controlled
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INDEPENDENT CHANNELS

Either channel may be used independently of the other
channel. Todisable one channel, drive SHDN of that channel
low. Activating or deactivating one channel will not alter
the functionality of the other channel.

SETTING THE OUTPUT VOLTAGE

The output voltage is set by connecting a resistor (Rggy)
from Vgyt to the FBX pin. Regy is determined by using
the following equation:

_[Vour — Vesx|
83.3pA

where Vegyis 1.204V (typical) for noninverting topologies
(i.e. boost and SEPIC regulators) and 7mV (typical) for
inverting topologies (see the Electrical Characteristics).

POWER SWITCH DUTY CYCLE

In order to maintain loop stability and deliver adequate
current to the load, the power NPNs (Q1 and Q2 in the
Block Diagram) cannot remain on for 100% of each clock
cycle. The maximum allowable duty cycle is given by:

(T» —MinOffTime)
Tp

DCIVIAX = *100%

where Tpis the clock period and MinOffTime (found in the
Electrical Characteristics) is typically 45ns.

Conversely, the power NPNs (Q1 and Q2 in the Block
Diagram) cannot remain off for 100% of each clock cycle
and willturnonforaminimumontime (MinOnTime) when
in regulation. This MinOnTime governs the minimum al-
lowable duty cycle given by:

MinOnTime
P

DCIVIlN = *100%

Where Tp is the clock period and MinOnTime (found in
the Electrical Characteristics) is typically 55ns.

Theapplication should be designed such that the operating
duty cycle is between DGy and DCpjax.

Duty cycle equations for several common topologies are
given below where Vp is the diode forward voltage drop
and Vggsar is the collector to emitter saturation voltage
of the switch. Vgesar, with SWA and SWB tied together, is
typically 270mV when the combined switch current (Igwa
+ Iswg) is 2.75A.

For the boost topology (see Figure 5):
Vour = Vin+Vp
Vout + Vp—Veesar

DCgoost =
For the SEPIC or dual inductor inverting topology (see
Figure 6 and Figure 7):

| Vout | +Vp
Vin+| Vout | +Vp — Veesat

DCsepic_& _INVERT =

For the single inductor inverting topology (see Figure 12):

| Vout | =Vin+ VeesaT +3° Vp
| Vout|+3°Vp

DCs |nvERT =

The LT8582 can be used in configurations where the duty
cycle is higher than DCyax, but it must be operated in the
discontinuous conduction mode so that the effective duty
cycle is reduced.

INDUCTOR SELECTION

General Guidelines

The high frequency operation of the LT8582 allows for the
use of small surface mount inductors. For high efficiency,
choose inductors with high frequency core material,
such as ferrite, to reduce core losses. Also to improve
efficiency, choose inductors with more volume for a given
inductance. The inductor should have low DCR (copper-
wire resistance) to reduce 12R losses and must be able to
handle the peak inductor current without saturating. Note
that in some applications, the current handling require-
ments of the inductor can be lower, such as in the SEPIC
topology where each inductor only carries one half of the
total switch current. Multilayer chip inductors usually do
not have enough core volume to support peak inductor
currentsinthe 2Ato 6A range. To minimize radiated noise,
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use a toroidal or shielded inductor. See Table 5 for a list
of inductor manufacturers.

Table 5. Inductor Manufacturers

Coilcraft MSD7342
XAL6060 Series

IHLP-2020BZ-01
IHLP-2525CZ-01
Series

WE-PD
WE-DD
WE-TDC Series

Octa-Pac Plus
DRQ-125
DRQ-74 Series

CDR6D28MN
CDR7D28MN
Series

www.coilcraft.com

Vishay www.vishay.com

WURTH www.we-online.com

Cooper Bussman WWW.cooperbussmann.com

Sumida www.sumida.com

Taiyo Yuden NR Series www.t-yuden.com

TDK VLE SLF RLF
Series

www.tdk.com

Minimum Inductance

Although there can be a trade-off with efficiency, it is
often desirable to minimize board space by choosing
smaller inductors. When choosing an inductor, there are
three conditions that limit the minimum inductance: (1)
providing adequate load current, (2) avoiding subharmonic
oscillation and (3) supplying a minimum ripple current to
avoid false tripping of the current comparator.

Adequate Load Current

Small value inductors result in increased ripple currents
and thus, due to the limited peak switch current, decrease
the average current that can be provided to the load. In
ordertoprovide adequate load current, L should be at least:

DG (Vin~ VecEsaT)

LgoosT> VA 0ost
2’fosc'[|PK—Wj TOpOlOgy
or
LouaL> DC+(Vin = Veesar) SEPIC or
Dt cns| | YOUTI*lOUT | Inverting
OSC K yyyem  OUT) | Topologies

where
Lgoost = L1 for boost topologies (see Figure 5)

LpyaL =L1=L2forcoupled dual inductor topologies
(see Figures 6 and 7)

Lpya. =L1 || L2 for uncoupled dual inductor
topologies (see Figures 6 and 7)

DC = Switch duty cycle (see Power Switch Duty
Cycle section in Appendix)

lpk ~ =Maximum Peak Switch Current; should not
exceed 3A for a combined SWA + SWB
current, or 1.7A if only SWA is being used.

n =Power conversion efficiency (typically 88%
for boost and 82% for dual inductor
topologies at high currents)

fosc = Switching frequency
lour  =Maximum load current

Negative values of Lggost Or LpyaL indicate that the
output load current IgyT exceeds the switch current limit
capability of the LT8582.

Avoiding Subharmonic Oscillations

Subharmonic oscillations can occur when the duty cycle is
greaterthan 50%. The LT8582’s internal slope compensa-
tion circuit will avoid this, provided that the inductance
exceeds a certain minimum value. In applications that
operate with duty cycles greater than 50%, the inductance
must be at least:

(Vin—VgEsaT)*(2¢DC-1)
1.7Afogc *(1-DC)

Ly >

where
Ly = L1 for boost topologies (see Figure 5)

Ly = L1 = L2 for coupled dual inductor topologies
(see Figures 6 and 7)

Ly = L1 || L2 for uncoupled dual inductor topologies
(see Figures 6 and 7)
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Maximum Inductance

Excessive inductance can reduce current ripple to levels
that are difficult for the current comparator (A4 in the
Block Diagram) to easily distinguish the peak current.
This causes duty cycle jitter and/or poor regulation. The
maximum inductance can be calculated by:

L~ Vin—Veesar, DC
MAX™180mA  fogc

where
Limax = L1 for boost topologies (see Figure 5)

Lmax = L1 = L2 for coupled dual inductor topologies
(see Figures 6 and 7)

Lmax = L1 || L2 for uncoupled dual inductor topologies
(see Figures 6 and 7)

Inductor Current Rating

Inductors must have a rating greater than their peak
operating current to prevent saturation, which results in
efficiency losses. The maximum inductor current (con-
sidering start-up, transient, and steady-state conditions)
is given by:

| _| Vine Tmin_PROP
L_PEAK =!LIM* L

where

IL_peak = Peak of Inductor Current in L1 for boost
topology, or peak of the sum of inductor
currents in L1 and L2 for dual inductor
topologies.

Ilym = Forhardsaturationinductors,5.4Awhen SWA
and SWB are tied together, or 3A when only
SWA is being used. For soft saturation
inductors, 3.3A when SWA and SWB are tied
together, or 1.8A when only SWA is being
used.

Tmin_Prop = 59ns (propagation delay through the
current feedback loop)

Note that these equations offer conservative results for
the required inductor current ratings. The current ratings
could be lower for applications with light loads and small
transients if the SS capacitor is sized appropriately to limit
inductor currents at start-up.

DIODE SELECTION

Schottky diodes, with their low forward voltage drops
and fast switching speeds, are recommended for use with
the LT8582. Choose a Schottky diode with low parasitic
capacitance to reduce reverse current spikes through the
power switch of the LT8582. The Diodes Inc. PD3S230H
diode is a very good choice with a 30V reverse voltage
rating and an average forward current of 2A.

OUTPUT CAPACITOR SELECTION

Low ESR (equivalent series resistance) capacitors should
be used at the output to minimize the output ripple volt-
age. Multilayer ceramic capacitors are an excellent choice,
as they have an extremely low ESR and are available in
very small packages. X5R or X7R types are preferred,
as these retain their capacitance over wide voltage and
temperature ranges. A 10pF to 22pF output capacitor is
sufficient for most applications, but systems with very
low output currents may need only 2.2pF to 10pF. Always
use a capacitor with a sufficient voltage rating. Many
ceramic capacitors, particularly 0805 or 0603 case sizes,
have greatly reduced capacitance at the desired output
voltage. Tantalum polymer or 0S-CON capacitors can be
used, butitis likely that these capacitors will occupy more
board area than ceramics and will have a higher ESR with
greater output ripple.

INPUT CAPACITOR SELECTION

Ceramic capacitors make a good choice for the input by-
pass capacitor and should be placed as close as possible
to the V) pin of the chip as well as to the inductor con-
nected to the input of the power path. If it is not possible
to optimally place a single input capacitor, then use two
separate capacitors—use one at the Vy pin of the chip
(see the equation for Cyy in Table 1, Table 2 and Table 3)
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and one at the input to the power path (see the equation
for Cpywrin Table 1, Table 2 and Table 3). A 4.7pF to 20pF
input capacitor is sufficient for most applications.

Table 6 shows a list of several ceramic capacitor manufac-
turers. Consultthe manufacturers for detailed information
on their entire selection of ceramic parts.

Table 6. Ceramic Capacitor Manufacturers

TDK www.tdk.com
Murata www.murata.com
Taiyo Yuden www.t-yuden.com
Kemet www.kemet.com
PMOS SELECTION

An external PMOS, controlled by the LT8582’s GATE pin,
can be used to facilitate input or output disconnect. The
GATE pin turns on the PMOS gradually during start-up
(see soft-start of external PMOS in the Operation section)
and turns the PMQOS off when the LT8582 is in shutdown
or in fault.

The use of the external PMQS, controlled by the GATE pin,
is particularly beneficial when dealing with unintended
output shorts inaboost regulator. Ina conventional boost
regulator, the inductor, Schottky diode and power switches
are susceptible to damage in the event of an output short.
Using an external PMOS in the boost regulator's power
path (path from V) to Vgyr) controlled by the GATE pin,
will serve to disconnect the input from the output when
the output has a short. This helps to save the chip and
the other components in the power path from damage.
Ensure that both the diode and the inductor can survive
low duty cycle current pulses of 5 to 6 times their steady
state levels.

The PMOS chosen must be capable of handling the maxi-
mum input or output current depending on whether it is
used at the input or the output (see Figure 5).

Ensure that the PMOS is biased with enough source to
gate voltage (Vgg) to enhance the device into the triode

mode of operation. The higher the Vgg voltage that biases
the PMOS into triode, the lower the Rpgoy of the PMOS,
thereby lowering power dissipation in the device during
normal operation, as well as improving the efficiency of
theapplication. The following equations show the relation-
ship between Rgare (see Block Diagram) and the desired
Vgg that the PMOS is biased with, where Vg is the PMOS
source voltage:

Reate
_ | "*Reate+2kQ

TmA - RGATE if VGATE >2V

if VGATE <2V
Vsg

Whenusinga PMOS, itis advisable to configure the specific
application for undervoltage lockout (see the Operations
section). The goal is to have V,y get to a certain minimum
voltage where the PMOS has sufficient Vgg.

Figure 5 shows the PMOS connected in series with the
output to act as an output disconnect during a fault con-
dition. Using a PMOS with a high Vy (~2V) can help to
reduce extraneous current spikes during hot-plug. The
resistor divider from Vjy to the SHDN pin sets UVLO at
4V for this application.

Connecting the PMOS in series with the output offers cer-
tain advantages over connecting it in series with the input:

* Since the load current is always less than the input
current for a boost converter, the current rating of
the PMOS will be reduced.

* APMOS in series with the output can be biased with
ahigheroverdrive voltage thana PMOS usedin series
withtheinput, since Voyt>Vy. This higher overdrive
resultsinalower Rpggy rating forthe PMOS, thereby
improving the efficiency of the regulator.

In contrast, an input connected PMOS works as a simple
hot-plug controller (covered in more detail in the Hot-Plug
section). The input connected PMOS also functions as an
inexpensive means of protecting against multiple output
shorts in boost applications that synchronize the LT8582
with other compatible chips.
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Table 7 shows a list of several discrete PMOS manufactur-
ers. Consult the manufacturers for detailed information
on their entire selection of PMOSs.

Table 7. Discrete PMOS Manufacturers

Vishay www.vishay.com

ON Semiconductor www.onsemi.com

Fairchild Semiconductor www.fairchildsemi.com

Diodes Incorporated www.diodes.com

COMPENSATION — ADJUSTMENT

To compensate the feedback loop of the LT8582, a series
resistor capacitor network in parallel with an optional
single capacitor should be connected from the V¢ pin to
GND. For most applications, choose a series capacitor in
the range of 1nF to 10nF with 2.2nF being a good start-
ing value. The optional parallel capacitor should range in
value from 22pF to 220pF with 47pF being a good starting
value. The compensation resistor, Rg, is usually in the
range of 5k to 50k with 10k being a good starting value.
A good technique to compensate a new application is to
use a 100k potentiometer in place of the series resistor
Rc. With the series and parallel capacitors at 4.7nF and
47pF respectively, adjust the potentiometer while observ-
ing the transient response and the optimum value for Rg
can be found. Figures 14a to Figure 14c illustrate this
process for the circuit of Figure 17 with a load current
stepped between 300mA and 800mA. Figure 14a shows
the transient response with Rg equal to 1k. The phase
margin is poor as evidenced by the excessive ringing in
the output voltage and inductor current. In Figure 14b, the
value of Rg is increased to 3.15k, which results in a more
damped response. Figure 14c¢ shows the results when Rg is
increased furtherto 6.49k. The transient response s nicely
damped and the compensation procedure is complete.

.'IN'.

Vouri

AC-COUPLED o N s
500mV/DIV _ \/
I 1

1ADIV
ILoAD

400mA/DIV

100ps/DIV 8562 Fida
Figure 14a. Transient Response Shows Excessive Ringing

A
A\

Vout
AC-COUPLED

500mV/DIV

s
ol __/"—\’_

ILoAD
400MA/DIV |

100“S/D|V 8582 F14b

Figure 14b. Transient Response Is Better

Vout \
AC-COUPLED i
500mV/DIV _ f

I
1ADIV

ILoAD
400MA/DIV |

100“S/D|V 8582 Fl4c.

Figure 14c¢. Transient Response Is Well Damped

Compensation - Theory

Like all other current mode switching regulators, the
LT8582 needs to be compensated for stable and efficient
operation. Two feedback loops are used in the LT8582: a
fast current loop which does not require compensation
and a slower voltage loop which does. Standard bode plot
analysis can be used to understand and adjust the voltage
feedback loop.

As with any feedback loop, identifying the gain and phase
contribution of the various elements in the loop is critical.
Figure 15 shows the key equivalent elements of a boost
converter. Because of the fast current control loop, the
power stage of the chip, inductor and diode have been
replaced by a combination of the equivalent transcon-
ductance amplifier gmp and the current controlled current
source (which converts lyy to (nVin/Vout) © lvin)- Imp
acts as a current source where the peak input current,
lyiy, 1S proportional to the V¢ voltage. n is the efficiency
of the switching regulator and is typically about 88% at
higher currents.
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Cc: COMPENSATION CAPACITOR

Cout: OUTPUT CAPACITOR

CpL: PHASE LEAD CAPACITOR

Cr: HIGH FREQUENCY FILTER CAPACITOR

Uma: TRANSCONDUCTOR ERROR AMPLIFIER INSIDE THE CHIP
gmp: POWER STAGE TRANSCONDUCTANCE AMPLIFIER

Rc: COMPENSATION RESISTOR

Ry: OUTPUT RESISTANCE DEFINED AS Vout/lL oapmaAX

Ro: OUTPUT RESISTANCE OF gma

R1, R2: OUTPUT VOLTAGE FEEDBACK RESISTOR DIVIDER
Resr: OUTPUT CAPACITOR ESR

n: CONVERTER EFFICIENCY (~88% AT HIGHER CURRRENTS)

Figure 15. Boost Converter Equivalent Model

Note that the maximum output currents of gmp and gma
are finite. The output current of the gy stage is limited
by the minimum switch current limit (see the Electrical
Specifications) and the output of the gma Stage is nominally
limited to about +12pA.

From Figure 15, the DC gain, poles and zeros can be
calculated as follows:

DC GAIN:

Vin

RL) 0.5R,
Anp= *Rn)e . ° o_L |e
pc=(9ma*Ro)* Imp (n Vour 2)

R{+0.5R,

Output Pole:
3 2
= 2'7t°R|_+COU'|'

Error Amp Pole:
1

P2=
2°TE‘(R0+R0)CC

Error Amp Zero:
1

l=——
2‘TC°R(;'CC

ESR Zero:

2 1

21 *Rgsg* Cout

RHP Zero:
Vin2*RL

13=
2’TE°VOUT2'|_

High Frequency Pole:

f
P31
73

Phase Lead Zero:

1

l4=—————
2'7t'R1'CP|_

Phase Lead Pole:
1
P4 =
n0'5.R1.R2 C

R1+0.5R,

Error Amp Filter Pole:
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The current mode zero (Z3) is a right half plane zero
which can be an issue in feedback control design, but is
manageable with proper external component selection.

Using the circuitin Figure 17 as an example, Table 8 shows
the parameters used to generate the bode plot shown in

Figure 16.

Table 8. Bode Plot Parameters

PARAMETER VALUE UNITS COMMENT
RL 20 Q Application Specific
Cour 22 uF Application Specific
Resr 1 mQ Application Specific
Ro 305 kQ Not Adjustable
Ce 4700 pF Adjustable
Cr 47 pF Optional/Adjustable
CpL 0 pF Optional/Adjustable
R 6.49 kQ Adjustable
R1 130 kQ Adjustable
R2 14.5 kQ Not Adjustable
VRer 1.204 v Not Adjustable
Vout 12 v Application Specific
Vin 5 v Application Specific
Oma 270 pumho Not Adjustable
Ump 15.1 mho Not Adjustable
L 47 pH Application Specific
fosc 15 MHz Adjustable

From Figure 16, the phase is—130° when the gain reaches
0dB, givingaphase margin of 50°. The crossover frequency
is 5kHz, which is many times lower than the frequency of
the RHP zero Z3, thus providing foradequate phase margin.

Vin
5v

B)

GAIN (d

140 =] 0
\\
120 —45
N PHASE
100 -90
~\ SRR
80 N~ 135 ©
=
60 ‘ \\ -180 ,"‘m;'
o
50° AT \ =
40 N ok \ 225 ©
N
20 [ GAIN —-HHIN } 070
\\
0 | -315
N
N
20 —!
10 100 1k 10k 100k 1M
FREQUENCY (Hz)

8582 F16

Figure 16. Bode Plot for Example Boost Converter
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Figure 17. 5V to 12V Boost Converter
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TYPICAL APPLICATIONS

1.5MHz, 5V to +12V Boost and Inverting Converter Can Survive Output Shorts
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Cin1, Cine: 4.70F 16V, X7R, 1206

CouT1, Cout2, Couts: 10uF 25V, X7R, 1206
C1: 2.2pF 25V, X7R, 1206

D1, D2: DIODES INC. PD3S230H

L1: COILCRAFT XAL6060-472ML

L2, L3: COILCRAFT MSD7342-472

M1: FAIRCHILD FDMC510P

Output Short from 12V Output to Ground
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TYPICAL APPLICATIONS

VFD (Vacuum Fluorescent Display) and Filament Power Supply Switches at 1MHz

D6
r Vouri
> o 100V
J s —L_C6  goma
r~< —T—2.20F
I c4 D4 9
g SELA— e
J oo ——f2352 ¢ 120mA”
R ok
i 74
2.2uF
5 Cing. Cin: 4.70F 25V, X7R, 1206
L1 D2 C17T0 C6: 2.241F 50V, X7R, 1206
v 22H T C7: 2.24F 25V, X7R, 0805
N —g ® C8: 10pF 25V, X7R, 1210
vTo 6V et D10 D6: CENTRAL SEMI CMMSH2-40
4.70F D8* D7: CENTRAL SEMI CMHZ5240B
I ._J" D8: CENTRAL SEMI CTLSH5-40M833
= D9: CENTRAL SEMI CTLSH2-40M832
SWAT SWBT L1: WORTH 744771122
v -~ L2, L3: WORTH 744870100
576k " M1: VISHAY SI7611DN
¢——AAM\—] SHDN1 GATET
100k v _ e
LTesg2 ' —2oF
=L SYNCI SS1 | 21k _| 47pF *CHANNEL 1 MAX OUTPUT POWER 8W
T CLKOUT RT1 2.2)F — **OPTIONAL FOR OUTPUT SHORT PROTECTION
—{ cLkour % 806k | - '
GND 1
o % 80,k Lo =
AM— PG2 RT2 2. 24F L 47F
276k S | 118k T~
M SHDN2 §S2
Vinz Vo *
¢ c8
GATE2 [— g (1115
113k x2
FBX2 M
L2 SWA2  SWB2 2%7F
2y
10uH { { I D9 Vours
J )\ : I f 105V
—L_Cino 0.85A
I 4.7uF 13 8582 TAO3a
= 10pH

Efficiency and Power Loss
(Vjny =12V with Load on 100V Output)

90 2.0
//

80 7 1.6
—_ o
= “/ T =
2 n 7 — 12 =
G —_— w
3 // ol =

60 y 08

50 0.4

0 2 4 6 8 10
OUTPUT POWER (W)

8582 TA03b

Efficiency and Power Loss
(Vyn = 12V with Load on 10.5V Output)
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90 14

-
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& 70 / // 1.0 é
> m
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N (Vs =

40 / 04
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TYPICAL APPLICATIONS

Tracking £15V Supplies from a 2.7V to 5.5V Input

L1

Vin f&#ﬂn >D1r YSV”
2.7VT0 5.5V | Ot ] I J 0.3A(Vjy = 2.7V)
I10uF S$49.9k 0.42A(Viy = 3.6V)
— SWA1  SWB1 > 0.56A(V}y = 4.5V)
= 6.04k 0.69A(V}y = 5.5V)
Vi FBX1 AN— FBX2
SHDNT GATET |— .
100k 0UT1
WA G Vei ——10uF
178582 x2 Cint, Cio: 10uF 16V, X7R, 1206
e Sz o el o o
CLKOUTH RT1 0.14F - D1, D2: DIODES INC. PD3S230H
107k 6.80F L1: COILCRAFT XAL6060-103ME
—| cLkout2 I L2, L3: COILCRAFT MSD1260-153
GND 1
SYNC2 %10” | | 6.80F =
PG2 RT2 0.14F _1 100pF
- | 6.65k —T—
SHDN2 52
Ving Ve c
ouT2
GATE2 — — —10uF
53.6k x2
FBX2 AN
SWA2  SWB2
L2 of L3
15uH 4i7rF 150H Vourz
s U -5V
—L G il ; 0.27A(V)y = 2.7V)
10pF D2 0.37A(V)y = 3.6V)
_-g IR 0.46A(Vyy = 4.5V)
= 0.54A(Vy = 5.5V)

Efficiency and Power Loss

(Vin = 3.6V with Load Between 15V and —15V Outputs)

100 32

90 28

g0 =1 24
—_ o
s 70 20 2
& 4 =
~ [ =
2 60 // 16 =
w o
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E 50 22
- ’ [*, z

40 0.8

| L —
30 r 0.4

20 0
0 005 01 015 02 025 03 035 04
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8582 TAO4D

15V and =15V Qutputs vs Load Current
(Vyy = 3.6V, Load on -15V Output)

15.30

15V

15.25

1520

15V

MAGNITUDE Vour (V.
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(5] o o
|
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14.90
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8582 TAO4d

8885 TANAS

15V and -15V Outputs vs Load Current
(Vin = 3.6V, Load on 15V Output)
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8582 TAO4c

15V and -15V Qutputs vs Load Current
(Vin = 3.6V, Load Between 15V and —15V Outputs)
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TYPICAL APPLICATIONS

SuperCap Backup Power
" ¥0U(Tv 11.4V)
¢ IN(ViN> 11
c1 141 11V (Vi < 11.4V)
L1 220F o1 -1 S6.04k
Vin ° Sutt | C ) VouTi
12V 5% —'T’Y’”f‘ * * 10V
o, D | [ -
Ty L2 Ty
- SUH —_— 1.2k Cs1
= ) = 60F
SWA1  SWB1
Vi FBX1 Cso
100k 60F
PG1 GATE1 Cour2
AAA—o—] srom v . L Cs3
VWV 178582 @i —_— 60F
1k ss1 ] 15.4k _| 100pF 1.2k Csq
SYNC1 RT1 0.47yF p— 1/4W :l— 60F
= 80.6k 1nF
— CLKOUT1 T
GND
I %80.% | Lo =
VouTt — _—1 svne2 RT2 0.47yF | 100pF
100k = | 12.7k =T~
+—WA—— P@2 §52 Cini. Cinz: 4.70F 16V, X7R, 1206
e Coury: 4.74F 25V, X7R, 1206
SHDN2 VCZ hd COUTS COUTQ: 1OUF, 25\/, X7R, 1210
i Couts: 224F 16V, X7R, 1210
Vin GATE2 J05k T &F C1: 2.24F 25\, X7R, 0805
e Cs1 TO Csy: 60F 2.5V, COOPER HB1840-2R5606-R
VWV D1, D2: CENTRAL SEMI CTLSH5-40M833
13 SWA2  SWB2 L1, L2: COOPER CTX5-1A
2.20H 1 1 D2 L3: COOPER HCM0703-2R2
~ o ) ;f‘ M1: VISHAY SI7123DN
—L_Cine J 8582 TAOSa
—__E4.7UF
System Level Diagram
11 .
—_ <
GATE
Vin Viny  SEPIC  Vours ‘I Vinz  BOOST  Voyr2 Vout
I 8582 TAO5h
II SUPERCAPS
L
Charging SuperCaps Input Removed, Holdup for ~110s with 500mA Load
IL1+ 12
2ADIV 1+ 1o
e 2ADIV
I3
I3 2A/DIV
2ADIV Vour = 11V [
Vout ~ Vin 5V/DIV
5V/DIV VouTi
v, 5V/DIV
OUT1
5V/DIV
25s/DIV 8582 TAOSe 25s/DIV 8582 TAGSd

8582f
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TYPICAL APPLICATIONS

12V and 5V Sequenced Outputs from a 3V to 19V Input*

cl
L1 2.24F
: D1 Voutt
Vi . . 8.2uH c . 19V
3Vto 19V d) 0.3A (Vjy = 3V)
Cint 0.5A (Vyy = 5)
I ToF SWAT  SWB1 L2 1A (Vi = 12V)
— 8.2uH
SHDNsys o Ving .
10k *FOR SYSTEM LEVEL DIAGRAM,
10k T % SEE FIGURE 10
® SHDNA
= M WA PG1 v __fgup
e 1l —
T 178582 © 2
|_—Ij SYNCH SS1
L0 L | 20k | 479F
CLKOUT1 RT1 0.1yF —
— cLkour? %107‘( | T 1.50F
GND Cint, Cino: 10pF 25V, X7R, 1210
SYNC2 07k 1 L Coutt: 104F 25V, X7R, 1210
100k LU = CouTz: 220F 16V, X7R, 1210
. PG2 RT2 0.1yF 12 C1,C2 : 2.24F 25V, X7R, 0805
| 147k = DA, D2: CENTRAL SEMI CTLSH2-40M832
SHDN2 ss2 L1, L2: COOPER DRQ125-8R2
L3, L4: COOPER DRQ125-6R8
Vinz Veo d M1, M2: 2N7002
_1 Coure
GATE2 [— p—r 1
453k x2
FBX2
13 SWA2 _ SWB2 2022F
2H D2 Vour2
om l l I r‘ 5V
—L_Cino - - J ?Z/(\V(VIN ;\;’)V)
104F N =
xT™ L4 1.45A (Vi = 12V)
= 6.8uH 8582 TAOGa
3
Start-Up Waveforms (Vjy = 12V) Cycle-to-Cycle (5V QOutput)
Vourt | CLKOUT2 T T = —
Ry / VDIV |
SWA2, swB2 |
IL1+112 10V/DIV
2A/DIV p— Vours = H= wam =
Vout2 / 50mV/DIV
e e Wt e
VDIV P AC-COUPLED > e vt R
| | I3+ 14 W\/\V
St ol
2mS/DIV 8582 TAOBD 500ns/D|V 8582 TAO6C

Efficiency and Power Loss
(Vyjny =12V with Load on 12V Qutput)
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= 70 / 15 S
g / /74» %
2 60 ~ 12 —
s l )
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o w
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Efficiency and Power Loss
(Vjny =12V with Load on 5V Qutput)
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PACKAGE DESCRIPTION

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

DKD Package

| |
: 6.43 £0.05 i I
|
3104005 | |264+0.05 ‘ |
+ — 11
|
| |
| | |
|
4:7 \ |
| PACKAGE
3 L — — ™ QUTLINE
05085C — 3‘ ‘«0.25 +0.05
5.50 REF
RECOMMENDED SOLDER PAD LAYOUT
APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED
‘ 7.0040.10 |
|
\
|
1 — } — 4 4004010
PIN 1 ‘
Q TOP MARK
(SEE NOTE 6) |
|
[
0.75+0.05

0.200 REF
NOTE:

1. DRAWING PROPOSED TO BE MADE VARIATION OF VERSION (WXXX)

IN JEDEC PACKAGE OUTLINE M0-229
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS

0.00-0.05

R=0.05

TYP

24-Lead Plastic DFN (7mm x 4mm)
(Reference LTC DWG # 05-08-1864 Rev @)

CI00000000000 -

0.40+0.10

A S
MUV

PIN 1 NOTCH
R=0.30TYP OR\
0.35 x 45° CHAMFER

L000NANAAAT

< 050B5C | —»| l<—025+005
5.50 REF
BOTTOM VIEW—EXPOSED PAD

12

%‘

(DKD24) QFN 0210 REV @

4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE

MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION

ON THE TOP AND BOTTOM OF PACKAGE

8582f

LY N

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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TYPICAL

APPLICATION

700kHz SEPIC and Inverting Converter Generates =5V

Outputs from a 3V to 19V Input

C1

Efficiency and Power Loss
(Vyy =12V with Load Between 5V

L1 v
Vin 47 2.20F ot s and -5V Outputs)
3Vt 19V —4 < > 0.7A (Vjy = 3) 90 45
Cint 1.4A (Vi = 9V)
IQZIJF SWA1 SWB1 527 " 1.5A (V|N = 16\/) 80 / 4.0
= ' 70— 35
. /
= 453 ~ 60 3.0 é
Vi FBX1 W & /
> 50 25
SADNT  GATE! — s ) .-
100k y _1Court S 40 I L~ v a
! PG1 * — E @
mese2 z £ 30 ~ 15 2
L | Bl ] 118k | 47pF 20 10
T CLKOUTH RT1 0.14F 10 I 05
115k 2.9nE
— cLKouT2 | T 0 0
o GND I 1 0 02 04 06 08 1 12 14 16
100k %115k | 2.2nF | = LOAD CURRENT (A)
< PG2 RT2 0.1pF ATpF 8562 TAO7D
[ 18.7k
SHDN2 5S2 |
Ving Vo2 * o
0UT2
GATE2 — — Cint, Cing: 224 25V, X7R, 1210
60.4k x2 CouTi, Coute: 22pF, 16V, X7R, 1210
FBX2 C1, Co 2.24F 50V, X7R, 1206
c2 v DT, D2: VISHAY MSS2P3
L3 SWh2 SWB2 1,0 L4 v L1, L2: WURTH WE TDC 74489440047
o [ ] | AT 07A(Vyy=3V) L3 Ld: WORTH WE TDC 74489440047
Cing - - | 1.4A (Vjy = 9V)
—_ D2 155A (Vi = 16V)
_—_E 224F | 8582 TAOTa

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LT3581 3.3A (Isw), 42V, 2.5MHz, High Efficiency | Viy: 2.5V to 22V, Voyr(max) = 42V, Ig = 1.9mA, Isp = < 1pA, 4mm x 3mm DFN-14,
Step-Up DC/DC Converter MSOP-16E

LT3579 BA (Isw), 42V, 2.5MHz, High Efficiency | Viy: 2.5V to 16V, Vour(max) = 42V, I = 1.9mA, Isp = < 1pA, 4mm x 5mm QFN-20, TSSOP-20
Step-Up DC/DC Converter

LT3580 2A (Isw), 42V, 2.5MHz, High Efficiency | Vjy: 2.5V to 32V, Vaur(max) = 42V, lg = TmA, Isp = < 1A, 3mm x 3mm DFN-8, MSOP-8E
Step-Up DC/DC Converter

LT3471 Dual Qutput 1.3A (Isw), 1.2MHz, High Vin = 2.4V to 16V, Vourmax) = #40V, Ig = 2.5mA, Isp < 1yA, 3mm x 3mm DFN-10 Package
Efficiency Step-Up DC/DC Converter

LT3479 3A (Isw), 40V, 3.5MHz, High Efficiency | Viy: 2.5V to 24V, Voyr(max) = 40V, lg = 5mA, Isp = < 1pA, 4mm x 3mm DFN-14, TSSOP-16E
Step-Up DC/DC Converter

LT3477 40V, 3A, Full Featured DG/DC Converter | Viy = 2.5V t0 25V, Voyruax) = 40V, lg = 5mA, Isp < 1pA, QFN, TSSOP-20E Packages

LT1946/LT1946A | 1.5A (Isy), 1.2MHz/2.7MHz, High Vin = 2.6V to 16V, Voyr(max) = 34V, lg = 3.2mA, Isp < 1uA, MSBE Package
Efficiency Step-Up DC/DC Converter

LT1935 2A (Isw), 40V, 1.2MHz, High Efficiency | Vjy = 2.3V to 16Y, Vour(max) = 40V, Ig = 3mA, Isp < 1pA, ThinSOT™ Package
Step-Up DC/DC Converter

LT1310 2A (Isw), 40V, 1.2MHz, High Efficiency | Vjy = 2.3V to 16V, Vourmax) = 40V, Ig = 3mA, Isp < 1pA, ThinSOT Package
Step-Up DC/DC Converter

LT3436 3A (Isw), 800kHz, 34V Step-Up DC/DC | Vi = 3V to 25V, Vur(max) = 34V, Ig = 0.9mA, Isp < 6uA, TSSOP-16E Package

Converter

8582f
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