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FEATURES

Build N + 1 Redundant Supply
Hot Swap™ Power Supplies

Isolates Supply Failures from Output
Eliminates ORing Diodes
Identifies and Localizes Output Low, Output High
and Open-Circuit Faults
Output Voltages from 1.5V to 12V

APPLICATIONS

= Servers and Network Equipment
= Telecom and Base Station Equipment

= Distributed Power Systems
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TECHNOLOGY

Hot Swappable
Load Share Controller

DESCRIPTION

The LTC®4350 is a load share controller that allows
systems to equally load multiple power supplies con-
nected in parallel. The output voltage of each supply is
adjusted using the SENSE* input until all currents match
the share bus. The LTC4350 also isolates supply failures
by turning off the series pass transistors and identifying
the failed supply. The failed supply can then be removed
and replaced with a new unit without turning off the
system power. The LTC4350 is available in a 16-pin
narrow SSOP package.

AT, LTC and LT are registered trademarks of Linear Technology Corporation.
Hot Swap is a trademark of Linear Technology Corporation.
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LTC4350

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage (Vgg) «eeeverereeeeeererereeninerenereeeeeesenenees 17V
Input Voltage
TIMER ..., -0.3Vto 1.2V
R*, RT(NOtE 2) oo -0.3Vto 17V
FB oo -0.3Vt0 5.3V
Input Voltage (OV, UV) .c.ovvereeicee, -0.3Vto 17V
Output Voltage
COMPT e, -0.3Vto 6V
COMP2 ..., -0.3Vto 3V
GAIN, SB ..o -0.3Vto 5.6V
Output Voltage (GATE) ....cveviviicreieines -0.3Vto 20V
Output Voltage (loyt, STATUS) ................ -0.3Vto 17V
RGET oo -0.3Vto 1V
Operating Temperature Range
LTC4350C ..o, 0°C to 70°C
LTCA3501 ..., -40°C to 85°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 S&C).................. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
w 7] 6] Voo NUMBER
o s | LTCA3500GN
oA [2] T LTC4350IGN
COMP2 [5 | 12] R
e o L or |7 GN PART MARKING
e (8 o] rs 4350
GN PACKAGE 43501
16-LEAD PLASTIC SSOP
Tymax = 150°C, 6y = 135°C/W

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

ELGCTBICHL CH ﬂﬂﬂCTERISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
DC Characteristics
Ice Ve Supply Current UV =Vgg o 1.0 1.6 2.0 mA
ViKoH Ve Undervoltage Lockout High o | 236 245 252 V
VikoL Ve Undervoltage Lockout Low o | 228 234 244 V
Vig FB Pin Voltage 0°C to 85°C (LTC43501) or 0°C to 70°C (LTC4350C) 1208 1.220 1.236 Vv
-40°C to 85°C (LTC43501) 1196 1.220 1.244 Vv
VEsLIR FB Line Regulation Ve = 3.3V to 12V, COMP1 = 1.240V 0.02 0.05 %N
VEBLOR FB Load Regulation COMP1 =2V o -0.0008 -0.1 %
COMP1 = 0.64V . 0.003 0.1 %
VuvTH UV Pin Threshold High Going Threshold o | 1215 1244 1258 V
Low Going Threshold e | 1205 1220 1.237 V
VovTH OV Pin Threshold High Going Threshold e | 1203 1220 1.230 V
Low Going Threshold o | 1189 1205 1.229 V
Vi TIMER Pin Threshold o | 118 122 126 v
Itm TIMER Pin Current TIMER On, Vrjmer = OV o | -175 -2 -2.3 PA
TIMER On, V1imer = 0V, Voy > VoyTH e | -530 -6 -6.7 PA
Vg GAIN Pin Voltage Rgain = 25k, (Vg* = Vg™) =100mV o 2.3 2.5 2.7 Vv
Vso GAIN Pin Offset Rgain = 25k, (VRJr -Vg7) =0mV [ 0 0.02 0.20 V
Vsgminy | SB Pin Minimum Voltage 2 8 mV
Vsgmax) | SB Pin Maximum Voltage Voo =3.3V o 2.4 2.7 2.9 V
Voo =12V o 5.6 7.8 9.0 Vv
Isamax) | SB Pin Maximum Current Vgg=0V | -10 -33 -41 mA
Rsp SB Pin Resistor Value . 14 20 26 kQ
Vemoorr | E/A2 Offset Vsg - Vean ° 8 25 90 mV
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LTC4350

ELECTRICHL CHHBHCTEBISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢c = 5V unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP  WMAX | UNITS
DC Characteristics
VRSET(NIAX) Rser Pin Maximum Voltage Vo = 3.3V, Rger = 100Q ° 0.94 1 1.03 Y
Vg = 12V, Rger = 100Q o| 094 1 103 v
VRser(miny | Rser Pin Minimum Voltage Ve =5V, Rger = 1000Q ° 0.001 0.5 Y
Voo =5V, Rger = 100Q ° 0.001 0.5 Y
IRseT(MAX) | Rser Pin Maximum Current Rser =50Q, Vigyr = 1.1V ° 18 20 21 mA
VReTH Reverse Current Threshold VRt - VRt o 15 30 45 mV
AVgaTE External N-Channel Gate Drive Veate - Vee e | 108 12 12.7 v
lgaTE GATE Pin Current Gate On, Vgate = 0V o -8 -10 -12 pA
VsoL STATUS Pin Output Low lout = 3mMA o 0.1 0.3 1.2 \

Note 1: Absolute Maximum Ratings are those values beyond which the life Note 2: R* and R~ could be at 17V while Vg = 0V.

of a device may be impaired.

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC4350

TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

UV (Pin 1): Undervoltage Pin. The threshold is set at
1.244V with a24mV hysteresis. When the UV piniis pulled
high, the charge pump ramps the GATE pin. When the UV
pin is pulled low, the GATE pin will be pulled low.

OV (Pin2): Overvoltage Pin. The threshold is setat 1.220V
with a 15mV hysteresis. When the OV pin is pulled high,
the GATE pinis pulled low. Afteratimer cycle, the STATUS
pin is pulled low until the OV pin is pulled low.

TIMER (Pin 3): Analog System Timing Generator Pin. This
pin is used to set the delay before the load sharing turns
on afterthe UV pin goes high. The other use forthe TIMER
pin is to delay the indication of a fault on the STATUS pin.

When the timer is off, an internal N-channel shorts the
TIMER pinto ground. When the timer is turned on, a 2pA
or 6pA timer current (It;mer) from Vg is connected to the
TIMER pin and the voltage starts to ramp up with a slope
given by: dV/dt = lt;\er/Ct. When the voltage reaches the
trip point (1.220V), the timer will be reset by pulling the
TIMER pin back to ground. The timer period is given by:
(1 220V e CT)/lTII\/IER-

GAIN (Pin 4): Analog Output Pin. The voltage across the
R*and R~ pins is divided by a 1k resistor and sourced as
a current from the GAIN pin. An external resistor on the
GAIN pin determines the voltage gain from the current
sense resistor to the GAIN pin.

sn4350 4350fs




LTC4350

PIN FUNCTIONS

COMP2 (Pin 5): Analog Output Pin. This pin is the output
of the share bus error amplifier E/A2. A compensation
capacitor between this pin and ground sets the crossover
frequency for the power supply adjustment loop. In most
cases, this pin operates between 0.5V to 1.5V and repre-
sents a diode voltage up from the voltage at the Rget pin.
Itis clamped at 3V. During start-up, this pin is clamped to
ground. Afteratimercycle (and if the GATE pinis high), the
COMP2 pin is released.

COMP1 (Pin 6): Analog Output Pin. This pin is the output
of the voltage regulating error amplifier E/A1. A compen-
sation capacitor between this pin and ground sets the
crossover frequency of the share bus loop. This pin
operates a diode voltage up from the voltage at the SB pin
and is clamped at 8.4V.

SB (Pin 7): Analog Output Pin. This pin drives the share
bus used to communicate the value of shared load current
between several power supplies. There is an amplifier that
drives this pin a diode below the COMP1 pin using an
internal NPN asa pull-upand a 20k resistoras a pull-down.

GND (Pin 8): Chip Ground.

FB (Pin 9): Analog Error Amplifier Input (E/A1). This pinis
used to monitor the output supply voltage with an external
resistive divider. The FB pin is compared to 1.220V refer-
ence. The difference between the FB pin and the reference
is amplified and output on the COMP1 pin.

Rger (Pin 10): Analog Output Pin. The lgyt amplifier
converts the voltage at the COMP2 pin (down a diode
voltage) tothe Rger pin. Therefore, the currentthrough the
external resistor (Rget) placed between the Rger pin and
ground is (COMP2 —Vpope)/RsgT. This current is used to
adjust the output voltage.

lout (Pin 11): Analog Output Pin. The current flowing into
the Igyt pin is equal to the current flowing out of the Rggt
pin that was set by the external resistor Rggt. This current
is used to adjust the output supply voltage by modifying
the voltage sensed by the power supply’s internal voltage
feedback circuitry.

R~ (Pin12): Analog Input Pin. With a sense resistor placed
in the supply path between the R* and R~ pins, the power
supply current is measured as a voltage drop between R*
and R™. This voltage is measured by the Isgysg block and
multiplied at the GAIN pin.

R*(Pin13): Analog Input Pin. With a sense resistor placed
in the supply path between the R*and R~ pins, the power
supply current is measured as a voltage drop between R*
and R™. This voltage is measured by the Isgyse block and
multiplied at the GAIN pin.

GATE (Pin14): The high side gate drive for the external
N-Channel power FET. An internal charge pump provides
the gate drive necessary to drive the FETs. The slope of the
voltage rise or fall at the GATE is set by an external
capacitor connected between GATE and GND, and the
10pA charge pump output current. Whenthe undervoltage
lockout circuit monitoring V¢ trips, the OV pin is pulled
high or the UV pin is pulled low, the GATE pin is immedi-
ately pulled to GND.

STATUS (Pin 15): Open-Drain Digital Output. The STA-
TUS pin has an open-drain output to GND. This pin is
pulled low to indicate a fault has occurred in the system.
There are three types of faults. The first is a undervoltage
lockout on Vg or the UV pin is low while the output
voltage is active. The second is when the COMP2 pin is
above 1.5V or below 0.5V and the voltage on the GAIN pin
is greater than 100mV. The final failure is when the OV pin
is high. The three faults will activate the pull-down on the
STATUS pin after a timing cycle.

Ve (Pin 16): The Positive Supply Input, Ranging from
3.3V to 12V for Normal Operation. Igg is typically 1.6mA.
An undervoltage lockout circuit disables the chip until the
voltage at Vg is greater than 2.47V. A 0.1pF bypass
capacitor is required on the Vg pin. If the Ve pinis tied
to the same power supply output that is being adjusted,
then a 51Q decoupling resistor is needed to hold up the
supply during a shortto ground on the supply output. Vg
must be greater than or equal to the supply that is
connected to the R* and R~ pins.
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LTC4350

APPLICATIONS INFORMATION

INTRODUCTION

Many system designers find it economically feasible to
parallel power supplies to achieve redundancy. The sec-
ond trend is providing some load sharing between the
many supplies. In some cases, a failure in any one supply
will trigger a sequence that disconnects the faulty supply
and sends a flag to the system. Then, a service technician
will swap in a good supply. For systems that are continu-
ously powered, there is Hot Swap circuitry to prevent
glitches on the power buses when power cards are
swapped. A block diagram of this system is shown in
Figure 1.

By combining the features of a load share and a Hot Swap
controller into one IC, the LTC4350 simplifies the design
of redundant power supplies. Acomplete redundant power
supply is a combination of a power module and the
LTC4350 as shown in Figure 2. Note that the power

r S r S r 3

CONNECTOR

I
T
! Hot || roap || power
| swap SHARE [ | SUPPLY
1

LOAD —¢ !

CONNECTOR

I
T
! Hot || roap || power
| swap SHARE [ SUPPLY
1
i

v v v 4350 FO1

OUTPUT SHARE INPUT
BUS BUS BUS

Figure 1. Redundant Power Card System

INPUT BUS
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vy

POWER
MODULE

— ouT*

1+
ot

SENSE* —

SENSE™ _J
OUT™ |—e LTC4350 f—"—>

SHARE BUS l >

»
4350 F02

Figure 2. Redundant Power Supply

module must have accessible feedback network or a
remote sensing pin (SENSE*) to interface to the LTC4350.

The LTC4350 provides a means for paralleling power
supplies. It also provides for load sharing, fault isolation
and power supply hot insertion and removal. The power
supply currentis accurately measured and then compared
toacurrent share bus. The power supply’s output voltage
is adjusted until the load current matches the current
share bus, which results in load sharing. There are two
optional power FETs in series with the load that provide a
quick disconnect between a load and a failed power
supply. These same power FETs allow a power supply to
be connected into a powered backplane in a controlled
manner or removed without disruption.

CURRENT SHARING

The current sharing components will now be discussed.
Figure 3 shows a simplified block diagram of these com-
ponents. The Iseyse block measures the power supply
current by amplifying the voltage drop across the sense
resistor. An external resistor on the GAIN pin determines
the gain of the Iggnse block. The voltage drop across the
sense resistor is divided by a precision 1k resistor to
produce a current at the GAIN pin. For example, a 10mV
sense voltage translates toa 10pA current. Ifa 10k resistor
is on the GAIN pin, then the voltage gain is 10k/1k or 10.

The voltage at the GAIN pin is compared to the current
share bus using the E/A2 block. The output of E/A2 is used
to adjust the output voltage of the power supply using the
loyT block. The objective of the E/A2 block is forcing the
GAIN pin voltage to equal the SB pin voltage. When the
GAIN pin voltages of all the LTC4350s in the system equal
the SB pin voltage, the load current is shared.

VOLTAGE MONITOR

Unique to the LTC4350 is tight output voltage regulation.
This is handled by the LTC4350’s error amplifier and
reference and not the power supply’s error amplifier and
reference. The E/A1 amplifier monitors the output voltage
viathe feedback divider connected to the FB pin. The FB pin
iscomparedtothe internal reference ofthe LTC4350. If the
FB pinis at or below the reference, then the output of E/A1
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Figure 3. Simplified Block Diagram

drives the SB pin (or share bus). If the FB pin is above the
reference, the COMP1 pin is grounded and the SB pin is
disconnected from the COMP1 pin using the series diode.

The LTC4350 with the highest reference will drive the SB
pin and the 20k loads connected to the SB pin. All of the
other LTC4350’s COMP1 pins are pulled low because their
FB pins are at a higher voltage than their references. The
series diode between the COMP1 pin and the SB pin is
actually a low impedance buffer amplifier with a diode in
the output stage. Therefore, the master LTC4350’s E/A1
drives the share bus to the proper value that keeps the
output voltage tightly regulated. The buffer amplifier is
capable of driving at least fifty 20k loads (each 20k load
represents an LTC4350).

OUTPUT VOLTAGE ADJUSTMENT

The LTC4350 is designed to work with supplies featuring
remote sense. The output voltage of each power supply
needs to be adjusted below the final output voltage at the

common load. Forexample,a sV systemwould require the
power supply output be setto 4.90V or some value below
5V. This is normally done using the trim pin of the module.
The power supply output is then increased by artificially
reducing the positive sense voltage by some smallamount.
The LTC4350 would then adjust the output voltage to 5V,
anincrease of 2%. The maximum range of adjustment can
be set from 2% to 5% to compensate for voltage dropsin
the wiring, but no more than 300mV.

In most power supplies, the voltage sense is tied directly
to outputvoltage. Ifasmallvalued resistor, Rgyr, is placed
in series with the power supply sense line, a voltage drop
across Royt appears as a lower sensed voltage. This
requires the power supply to increase its output voltage to
compensate. Thus, the LTC4350 exercises complete con-
trol of the final output voltage.

The Iy block converts the E/A2 output (COMP2 pin) to
a current that flows through Royr (see Figure 3). As the
voltage at COMP2 increases, the current in Royr
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increases. The output voltage will then increase by an
amount equal to the voltage drop across Royr. The
external resistor, Rget, sets the voltage to current rela-
tionship in the Igyt block. The current in Ryt is defined
as Iapy = (Vcompz — 0.58V)/Rgr.

The maximum voltage that can be applied across Rggt is
1V. The range of the output voltage adjustment is set to be
Vvaxaps = Rout/Rsg. This sets the worst-case output
voltage if the share bus is accidentally shorted to Vgc. As
mentioned previously, this range is set to be 2% to 10%
in value.

The compensation elements, Cgpq and Cgpo, are used to
set the crossover frequencies of the two error amplifiers
E/A1 and E/A2. In the Design Example section, the
calculations for choosing all of the components will be
discussed.

Output Adjust Soft-Start

Inthe LTC4350, there is soft-start circuitry that holds the
COMP2 pin at ground until both the GATE pinis 4V above
the Vg pin and a timer cycle is completed following the
UV pin becoming active.

Upon power-up, most of the circuitry is active including
the circuits that monitor and adjust the output voltage.
The external power FETs are initially open circuit when
power is applied. It takes about 10ms to 100ms for the
FETs to transition from the off to the fully on state (as
discussed in the following Hot Swapping section). Dur-
ing this time the FB pin is near ground which forces the
SB to the positive rail. The COMP2 pin is then forced to
the positive rail, which forces the Rger pin to 1V. The
voltage at the output of the power supply is now adjusted
to its maximum adjusted value, which can be 10% above
nominal. Once the power FETs are turned on, the load will
see this adjusted output voltage. This appears to be a
voltage overshoot at the load that exists until the loop can
correct itself. The dominant pole in the loop exists on the
COMP2 pin. Therefore, the overshoot duration is deter-
mined by the discharge time of the COMP2 pin.

In order to eliminate this overshoot, the COMP2 pin is
clamped at ground until the GATE pinis 4V above the V¢
pin (power FETs are turned on). Now, the COMP2 pin will
begin to charge up until the FB pin regulates at 1.220V.

In cases where the power FETs are turned on but the
power supply is still ramping up, the load voltage may
overshoot. For these cases, the COMP2 pinis clamped to
ground during one timing cycle. If the UV pin is greater
than 1.244V, the chip begins the timer cycle. The timer
cycle usesa2pAcurrentsourceintoan external capacitor
onthe TIMER pin. As soon as the voltage at the TIMER pin
exceeds 1.220V, the timer cycle is over. The time-out is
defined as t = Gy » 1.220V/2pA. At the end of the timer
cycle, the power supply ramping should be complete.

Faults

There are several types of power supply output faults.
Shorts from the output to ground or to a positive voltage
greater than the normal output voltage are considered
“hard faults.” These faults require the bad power supply to
be immediately disconnected from the load in order to
prevent disruption of the system. “Soft faults” include
power supply failed open-circuit or load current sharing
failure where the output voltage is normal but load sharing
between several supplies is not equal. The LTC4350 can
isolate soft and hard faults and signal a system controller
using the STATUS pin.

HARD FAULTS

The LTC4350 can identify faults in the power supply and
isolate them from the load if optional external power FETs
areincluded between the power supply and the load. Inthe
case of apower supply output shortto ground, the reverse
current block will sense that the voltage across the current
sense resistor has changed directions and has exceeded
30mV for more than Sps. The gate of the external power
FETs is immediately pulled low disconnecting the short
from the load. The gate is allowed to ramp-up and turn-on
the power FETs as soon as the reverse voltage across the
sense resistor is less than 30mV.

The condition where a power supply output shorts to a
high voltage is referred to as an overvoltage fault. In this
case, the gate of the power FETs is pulled low disconnect-
ing the overvoltage from the load. This feature uses the OV
pin to monitor the power supply output voltage. Once the
voltage on the OV pin exceeds the 1.220V threshold, the
gate of the external power FETs is pulled low.
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Atimer is started as soon as the OV pin exceeds 1.220V.
The timer consists of a 6pA current source into an external
capacitor on the TIMER pin. As soon as the voltage on the
TIMER pin exceeds 1.220V, the STATUS piniis pulled low.

There are two external power FETs in Figure 3. The FET
with its drain on the power supply side (left) and its source
on the load side (right) is used to block high voltage faults
fromthe load. If overvoltage protection is not needed, this
FET is omitted. Likewise, the FET with its drain on the load
side (right) can be eliminated if protection from a ground
short is not needed. The other use for the power FETs is to
allow hot swapping of the power supply. Hot swapping will
be discussed in a later section.

SOFT FAULTS

The existence of a share bus that forces tight regulation of
the system output voltage allows the system to detect if
the load current is not sharing properly. As mentioned
previously, the output of E/A2 will adjust until the mea-
sured current equals the share bus value. If the power
supply output fails to share properly, the E/A2 output will
hit the plus or minus supply. The LTC4350 uses the over/
under current block to monitor the E/A2 output. This block
signals the logic that a soft fault has occurred if the E/A2
outputgoes out ofthe normal 0.5Vto 1.5V range wherethe
louT block is active. After a timer cycle, the STATUS pin
indicates a soft fault. The timer consists of a 2pA current
source into an external capacitor on the TIMER pin. As
soon as the voltage on the TIMER pin exceeds 1.220V, the
STATUS pinis pulled low.

The fault indication at the STATUS pin is disabled under
one condition. The E/A2 output can be less than 0.5V when
the load currents are low. In this case, it is desired to
disable the soft fault indication until the current is higher.
Higher current is defined as when the GAIN pin is greater
than 100mV.

The most common situations for soft faults are a discon-
nected power supply and the share bus shorts to Vg or
ground.

HOT SWAPPING

The LTC4350 controls external power FETs to allow power
supplies to be hot swapped in and out of the powered
system without disturbing the power buses. The gate of
the power FETs are slowly ramped up. This slowly charges
the power supply input and output capacitors, preventing
the large inrush currents associated with capacitors being
hot plugged into power buses.

When power is first applied to the Vg pin, the gate of the
power FET is pulled low. As soon as Vg rises above the
undervoltage lockout threshold, the chip’s UV pin is func-
tional. A0.1uF bypass capacitor is required on the Vg pin.
If the Voo pinis tied to the same power supply output that
is being adjusted, then a 51Q decoupling resistor is
needed to hold up the supply during a short to ground on
the supply output.

Ifthe UV pinis greaterthan 1.244V, the gate of the external
FETs is charged with a 10pA current source. The voltage
at the GATE pin begins to rise with a slope equal to 10pA/
Cg (Figure 4), where Cg is the external capacitor con-
nected betweenthe GATE pinand GND. This slow charging
allows the power supply output to begin load sharing in a
nondisruptive manner.

Vee + 10V

GATE

SLOPE = 10pA/Cg

Vee Vout

¢] to 4350 F04

Figure 4. Supply Turn-On
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When the power supply is disconnected, the UV pin will
drop below 1.220V if the supply is loaded. The LTC4350
then discharges the gate of the power FET isolating the
load from the power supply.

DESIGN EXAMPLE

Load Share Components

This section demonstrates the calculations involved in
selecting the component values. The design example in
Figure 5 is a 5V output. This design can be extended to
each of the parallel sections.

The first step is to determine the final output voltage and
the amount of adjustment on the output voltage. The
power supply voltage before the load sharing needs to be
lower than the final output voltage. If the load is expecting
to see a 5V output, then all of the shared power supplies
need to be trimmed to 4.90V or lower. This allows 2%
variation in component and reference tolerances so that
the output always starts below dV.

Now that the output voltage is preset below the desired
output, the LTC4350 will be responsible for increasing the
output utilizing the SENSE* input to the power supply. If

a SENSE* line is not available, then the feedback divider at
the module’s error amplifier can be used. The next step is
to determine the maximum positive adjustment needed for
each powersupply. Thisadjustmentincludesany R drops
across sense resistors, power FETs, wiring and connec-
tors in the supply path between the power supply and the
load. For example, if the maximum current is 10A and the
parasitic resistance between the power supply and load is
0.01Q, then the positive adjustment range for | ¢ R drops
is 0.1V. Since the starting voltage is 4.9V £0.1V, then the
lowest starting voltage can be 4.8V. This voltage is 0.2V
below the target. The total adjustment range that the
LTC4350 will need for this example is 0.1V + 0.2V = 0.3V.
Note that the lowest starting voltage should not be lower
than 300mV below the target voltage.

The I * R drops should be designed to be low to eliminate
the need for additional bulk capacitance at the load. In
most cases the bulk capacitance exists at the power
supply output before the | « R drops. If a 0.002Q sense
resistor is used and the FET resistance is below 0.003Q,
then a total 0.005Q series resistance is acceptable for
loads to 20A. Obviously, the FB pin compensates for the
DC outputimpedance, but the AC outputimpedance is the
| » R drops plus the ESR of the capacitors.

5V SHARE
4 x SUD50N03-07 RSENSE BUS BU
our* 4.9V NOMINAL, 5.3V MAXIMUM (0.007Q EACH) 100020, A A
ut ° * FI'F |
%ROUT 510 J" =
< 30Q
SENSE* -
G
0'1“F—_|__— 100Q 121k
= .
Voc  GATE —L 0.1uF
RseT | =
100Q lout R
J_—’\MI_ RseT R™
- R FB
GAIN
366k TMER——
J_—W\I— GAIN =T 0.1yF
= LTC4350 =
$ 274 é 43.2k STATUS STATUS
S < | GND  STATUS — STATU
b = SB
W COMPI—
L < oV ~—1— 1000pF v W 4350705
S%Fimw i12.1k COMP2 =
LML I Lo,

§

1uF
P1

150Q

Figure 5. 5V Load Share (20A per Module)
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Theresistors Roytand Rggr setthe adjustment range. The
voltage on Rggt is translated to a voltage on Rgyt by the
ratio of Royt/Rser. Therefore, the adjustment on the
output voltage will track the voltage at the Rggt pin which
is also the voltage on the COMP2 pin minus a diode
voltage. The expression is Vapy = (Vrset) ® Rout/RseT =
(Vcomp2 = Voiope) ® Rout/RseT. The maximum voltage at
VRseT is limited to 1V. The maximum adjustment on the
output is expressed as Vapymax = Rout/Rser. A normal
value for Rggris in the 50Q to 100Q range.

If we set Rger to be 100Q, then an Ryt of 100Q allows
the output voltage a full 1V adjustment. For the 0.3V range
inthis example, the Rgytis 30Q. In some power modules,
there already exists a resistor between the SENSE* line
and the power output. Inthis case, the value of Rgytis the
parallel combination of two resistors, one in the module
and one placed between the SENSE*and output terminals
of the module.

The value of the gain setting resistor, Rgajy, depends on
the maximum voltage drop across the sense resistor and
the supply voltage Vg for the chip. The highest possible
voltage at the GAIN pin is 1.5V from the V¢ voltage. The
maximum voltage on the GAIN pin is expressed as:
Veainmax = Rsenst © Imax © Rean/Tk = Voo — 1.5V. The
expression for Rgain: Rgain = (Voo —1.5V) © 1k/(Rgense ©
Imax). Inthis example, Vg is 5V, Iyax is 20A and Rgense
is 0.002Q. Therefore, Rgan is 87.9k but using 1% values
results in 86.6Kk.

The FB pindivider providesa 1.220V output fora 5V input.
The precision of the FB pin divider resistors will impact the
accuracy of the final output voltage. The UV resistive
divider in this example, turns on the gate when Vg
increases above 4V. This corresponds to the UV pin at
1.220V. The capacitor Gy prevents false activation during
load steps. The OV set point needs to occur above the
adjustment max for V. The power supply output (which
alsois V¢g), can startas high as 5V and adjust upwards to
5.3V.The OV set pointin this example is 5.5V on Vg when
the OV pin is at 1.220V.

The timer capacitor Ct is set to be 0.1uF for a 61ms timer
cycle. The expression is t = Gy ¢ 1.22V/2pA. The gate
capacitor Cg is set to be 0.1uF which sets a slope of 10pA/
Cg or 1V every 10ms. In this case, the GATE pin must

charge up to 9V before the output can ramp to 5V which
happens in 90ms. In this case, the output adjust soft-start
turns on when the gate ramps above 9V. The soft-start
circuitry releases the COMP2 pin allowing the load sharing
loop to function. A 100Q resistor Rg prevents high fre-
quency oscillations from the power FETs at their turn-on
threshold. A 0.1uF bypass capacitor is required on the Ve
pin. Ifthe Vg pin is tied to the same power supply output
that is being adjusted, then a 51Q decoupling resistor is
needed to hold up the supply during a short to ground on
the supply output.

COMPENSATION

The compensation capacitor, Cp1, is needed to set the
crossover frequency of the feedback error amplifier E/AT.
The crossover frequency of 200kHz is adequate for most
applications and requires Cpq to be 1000pF (0.001F).

The design of the other compensation capacitor will
require some knowledge about the power supply’s band-
width. The bandwidth can be measured easily. First, use
a storage oscilloscope to monitor the power supply
output voltage. Then place a 1A resistive fixed load and
switch in a second resistive load that increases the total
load current close to rated maximum. Tapping the second
resistor (with the correct power rating) to the power
supply output creates this load step. Trigger the scope on
the falling edge of the output voltage as it drops more than
100mV (for example from 5V t0 4.8V). The recovery time,
tr, from the step needs to be measured. t is defined as
the 10% to 90% time measurement (see Figure 6). The

__ v
90%
- 0.1TAV
t": AV
§ 0.1¢AV
10%
I T

4350 F
t 350 FO6

Figure 6. tg Measurement
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compensation capacitor Cpo can be looked up in Table 1
using tg. The value for the zero setting resistor, Rpy, is
150Q. This value guarantees the zero is at or above the
crossover frequency.

Table 1
) fc = 0.35/t Cp2
5us 70kHz 0.1yF
10ps 35kHz 0.22uF
20ps 17.5kHz 0.47uF
40ps 8.8kHz 1uF
60ps 5.8kHz 1.50F
80us 4.4kHz 2.2uF
100us 3.5kHz 2.7uF
150us 2.3kHz 3.3uF
200ps 1.8kHz 4.7uF
300ps 1.2kHz 6.8uF
400ps 0.9kHz 10uF
500ps 0.7kHz 12uF
OTHER APPLICATIONS

The application shown on the first page of this data sheet
assumes that the power supplies and the load reside on
one mainboard. Ifthe systemisatrue N + 1 hot swappable

power supply, thenthe LTC4350 will reside with the power
supply on a daughter card that plugs into the main board.
Inthis case, the inputand output capacitors need to be hot
swapped (see Figure 7). The output capacitors are Hot
Swap protected by the LTC4350. The input capacitors are
Hot Swap protected using the LT®4250. Other Hot Swap
parts are described in Table 2.

Table 2
VOLTAGE RANGE PART NUMBER
3.3Vto 12V LTC1422 Single Channel
LTC1645 Dual Chanel
3.3Vto 15V LTC1642 Overvoltage Protection
2.7V 10 16.5V LTC1647 Dual Channel
9V to 80V LT1641 Positive High Voltage
—-20V to —-80V LT4250 Negative High Voltage

Insome cases, the output voltageis below the undervoltage
lockout of the LTC4350. In this case, an external supply of
3.3V or greater needs to provide for the chip. Figure 8
shows a 1.5V output redundant power supply that uses
24V 10 1.5V switching power supplies. The Vg pin of the
LTC4350canbedrivenfromthe INTV¢g pin ofthe LTC1629.
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1 [ ] POWER SUPPLY 1 "
-48VRTN —48V RTN RTN T our ‘ SENSE 3.3V
]  S—— T
Voo  PWRGD ON/OFF
w SRour
LT4250L
DRAIN SENsE*
OV Vgg  SENSE  GATE
SENSE~
R
= ¢
— — ViN© ouT” -
3.3Vout = Veo  GATE _"7'_
GND lout R*
- 1 r’\/\/v— RseT R™
5B } = Rsr FB
RGAIN STATUS
STATUS | b _l_—ANv— GATTC4350 sB
CONNECTOR s Ny GND  TIMER __I_CT
< - -
uv =
0V COMP1f—
Cuv i’ COMP2 =Gt
J =
o = = Cp2
Rp2
1 [ ] POWER SUPPLY 2 .
—48V RTN RTN e X X SENSE 33V
! " l IR29¢
Voo _
wv PWRGD ON/OFF SRout
LT4250L
DRAIN SENsE*
OV Vg SENSE  GATE
SENSE~
R
= ¢
48y Vivo ouT” -
8-3Vour = Voo GATE =
L GND hp R*
L L YW Rser R™
I B - = Reer B
L STATUS Raain STATUS
I 1 1 STATUS | A GAIN SB
P = LTC4350
b CONNECTOR s Ny GND  TIMER __l_CT
< - -
uv =
0V COMPlf—
Cuv S COMP2 == Ce1
o - =
- = Cr2
Rp2

Figure 7. —48V to 3.3V Hot Swap Power Supply
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Vin 24Vin Vin 1.2 4 Rsense 15V
L vV
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o S R
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GNL—D —_|GND < | TmMER G LTC1629 lour i
= =3 ——I— Vos' 2 LY Rser F;B
ju— =
hd =4 Reain STATUS
- W GAIN SB
1.5Vout = LTC4350
LOAD ND
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% b3 - -
STATUS h w =
< ov COMP1 1
CONNECTOR v b3 COMI -
= -l- Cr2 )
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= -l- Cr2 )
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Figure 7. 24V to 1.5V Hot Swap Power Supply
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PACKAGE DESCRIPTION

GN Package
16-Lead Plastic SSOP (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1641)

< 00150004,
(0380.10)
0.007 - 0.0098 o ge
[ -
\»H 0.016-0.050 4

(0.406 - 1.270)

* DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
** DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

(5.817-6.198)

0.189-0.196*
4801-4.978

( ) - 0.009

= (0229)

16 15 14 13 12 11 10 REF

i E

0.229 - 0.244 0.150 - 0.157**

(3.810-3.988)

. TIEEg0es

0.053 - 0.068
{1.351 - 1.727)

0.004 - 0.0098
(0.102 - 0.249)

0.008 -0.012

»‘ ‘« »‘ ‘« 0.0250
(0.203 - 0.305) (0.635)
BSC

GN16 (SSOP) 1098

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LTC1421 Hot Swap Controller Multiple Supplies from 3V to 12V and -12V
LTC1422 Hot Swap Controller with RESET Single Supply Hot Swap in SO-8
LT1640AL/LT1640AH | Negative Voltage Hot Swap Controllers Negative High Voltage Supplies from =10V to —80V
LT1641 Positive Voltage Hot Swap Controller Positive High Voltage Supplies from 9V to 90V
LTC1642 Fault Protected Hot Swap Controller Overvoltage Protection Up to 33V
LTC1643L/LTC1643L-1| PCI-Bus Hot Swap Controllers 3.3V, 5V, 12V, —12V Supplies for PCI Bus
LTC1643H

LTC1645 2-Channel Hot Swap Controller Operates from 1.2V to 12V, Power Sequencing
LTC1646 Dual CompactPCI™ Hot Swap Controller 3.3V/5V Only with Precharge and Local Reset Logic
LTC1647-1/LTC1647-2 | Dual Hot Swap Controllers Dual ON Pins, Operates from 2.7V to 16.5V
LTC1647-3

LTC4211 Hot Swap Controller with Multifunction Circuit Breaker | 2.5V to 16.5V Supplies and RESET Qutput

LT4250 —48V Hot Swap Controller with Active Current Limiting| Negative Supplies from —20V to —80V

LTC4251 —48V Hot Swap Controller in ThinSOT™ Active Gurrent Limiting, —15V to —100V Supplies

ThinSOT is a trademark of Linear Technology Corporation.

CompactPCl is a trademark of the PCI Industrial Computer Manufacturers Group.
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