FEATURES

= Allows Safe Board Insertion and Removal
from a Live Backplane

= Controls Supply Voltages from 2.5V to 16.5V

= Programmable Soft-Start with Inrush Current
Limiting, No External Gate Capacitor Required

= Faster Turn-0ff Time Because No External Gate
Capacitor is Required

= Power Good Input with Programmable Timer and
Glitch Filter

= Power-Up Circuit Interfaces with an External Supply
Monitor IC or with the PGOQD pin of a DC/DC
Converter.

= Dual Level Overcurrent Fault Protection

= Automatic Retry or Latched Mode Operation
= High Side Drive for an External N-Channel FET

APPLICATIONS

= Electronic Circuit Breaker
= Hot Board Insertion and Removal
= Self-Isolating Hot Swap Boards

ALY, L TC and LT are registered trademarks of Linear Technology Corporation.
Hot Swap is a trademark of Linear Technology Corporation.
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DESCRIPTION

The LTC®4212 is a Hot Swap™ controller that allows a
board to be safely inserted and removed from a live
backplane. Aninternal high side switch driver controls the
gate of an external N-channel MOSFET for supply voltages
ranging from 2.5V t0 16.5V. The LTC4212 provides soft-
start and inrush current limiting during the start-up
period. It features a power-up timeout circuit that discon-
nects the system supply whenthe onboard supplies do not
enter into regulation within a programmable time-out
period. The power-up circuit interfaces with external sup-
ply monitor ICs or directly with the PGOOD pin of a DC/DC
converter. After normal power-up, a programmable power
good glitchfilter can be enabled to filter out shorttermdips
in the supplies.

Two on-chip current limit comparators provide dual level
overcurrent circuit breaker protection. The slow com-
paratortrips at Voo —50mV and activates in 18s. The fast
comparator trips at Vg —150mV and typically responds
in 500ns.

The LTC4212 can be configured for both latchoff and
autoretry applications and is available in a 10-pin MSOP
package.

TYPICAL APPLICATION

Hot Swap Controller with Power Good Function
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LTC4212

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Note 1)
ORDER PART
lSnUppu[;h\//(\)/lf[)!lgage (VEE) cvvreerereirieeeee et 17V - NUMBER
ON, PG oo ~0.3Vt0 17V = Shivel LTC4212CMS
SENSE oo ~0.3V to (Vgg + 0.3V) e Fl8 St LTC4212IMS
TIMER, PGT, PGF ..o ~0.3Vt0 2V GND 5 o Pl
Output Voltage 0-LEAD PLASTIC S0P
EAL\JET .............................. Internally Lm]toe(:js \(/l\:gt1e73\} ST — MER%EE
Operating Temperature Range LTC
LTCA212C oo 0°C to 70°C LTCg
LTCA212] oo ~40°C to 85°C
Storage Temperature Range ................. -65°C t0 150°C

Lead Temperature (Soldering, 10 sec)

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

ELGCTBICHL CHHBHCTGGISTICS The « denotes specifications which apply over the full operating

temperature range, otherwise specifications are Ty = 25°C. V¢c = 5V, unless otherwise noted. (Note 2)

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
Ve Ve Supply Voltage Range o 2.5 16.5 V
Ice Ve Supply Current ON = High, TIMER = Low o 1 1.5 mA
Viko Internal Vo Undervoltage Lockout Ve Low-to-High Transition o 213 234 247 V
Vikonst | Voo Undervoltage Lockout Hysteresis 110 mV
linon ON Input Current Von = Vg or GND +1 +10 PA
ILEAK FAULT Leakage Current ViaurT = 15V, Pull-Down Device Off . +01  #25 pA
Iinpal PGI Pin Input Current Vpg) = Voo or GND +1 +10 pA
lINSENSE SENSE Input Current Vsense = Vg or GND +1 +10 pA
Vea(rast) | SENSE Trip Voltage (Vcc — Vsense) Fast Comparator Trips o| 130 150 170 mV
Vea(sLow) | SENSE Trip Voltage (Vcc — Vsense) Slow Comparator Trips o 40 50 60 mV
lgaTEUP GATE Pull-Up Current Charge Pump On, Vgate < 0.2V o| —125 -10 =75 PA
Igatenown | Normal GATE Pull-Down Current ON Low o 130 200 270 PA
Fast GATE Pull-Down Current FAULT Latched and Circuit Breaker 50 mA

Tripped or in UVLO, Vgate = 15V
AVaTE External N-Channel Gate Drive Vigate — Ve (For Vg = 2.5V) o 4.0 8 v
Vgate — Ve (For Vgg = 2.7V) ° 45 8 v
Vgate — Ve (For Vg = 3.3V) o 5.0 10 v
Vgate = Veg (For Vgg = 5V) o 10 16 Vv
Vgate = Vog (For Vgg = 12V) o 10 18 Vv
Vgate = Vog (For Vgg = 15V), (Note 3) o 8 15 Vv
Veateoy | GATE Overvoltage Lockout Threshold o| 0.08 0.2 0.3 V
Vo ON Threshold High o 123 1316 1.39 Vv
Vonro ON Threshold Low o| 04 0455 05 Vv
Vpg Power Good Input Threshold o 120 1236 1.26 V
VpgIHST Power Good Input Hysterisis 28 mV
4212i
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LTC4212

GLGCTBICHL CHHBHCTGBISTICS The « denotes specifications which apply over the full operating

temperature range, otherwise specifications are Ty = 25°C. V¢ = 5V, unless otherwise noted. (Note 2)

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
VpGEHI Power Good Glitch Filter High Threshold o | 120 1236 1.26 \
Vpgrust | Power Good Glitch Filter Hysterisis (Note 4) 40 mV
VpGTHI Power Good Timer High Threshold o| 0928 0952 00976 \
VpgTLo Power Good Timer Low Threshold o | 0640 0.657 0.680 \
VpgTav Power Good Timer Delta Threshold o| 0283 0295 0.304 \
IpgT Power Good Timer Pin Current Power Good Timer On, Cpgt Charging, PGT = 0.65V o | —5.61 -51  -459 PA

Power Good Timer On, Cpgr Discharging, PGT =0.95V |e | 4.63 5.2 5.77 pA

Power Good Timer Off, PGT = 1.5V 5 mA
Ipgr Power Good Glitch Filter Pin Current Power Good Glitch Filter On, Cpgr Charging o | —5.61 5.1 -449 pA

Power Good Timer Off, PGF = 1.5V 5 mA
ITmR TIMER Current Timer On, Vrimer = 1V o| -25 -2 -15 pA

Timer Off, TIMER = 1.5V 5 mA
ViR TIMER Threshold TIMER Low to High o 120 1236 1.26 V

TIMER High to Low o| 015 0.200 0.40 V
VERuTT FAULT Threshold Latched Off Threshold, FAULT High to Low o 120 1236 1.26 V
VEaurTHsT | FAULT Threshold Hysteresis 50 mV
VorLfaurr | Output Low Voltage IfaucT = 1.6mA o 0.14 0.4 \
tro Power Good Time-Out CpgT =10nF, PGT = 0.1V to FAULT Low o| 163 1816 20 ms
traurTLo | Power Good Input Low at Time-Out to | End of 14th PGT Cycle 1 s

GATE Discharging
teauctvg | Valid Power Good Glitch to GATE PGF > 1.26V 15 s
Discharging

tFAULTRG FAST COMP Trip to GATE Discharging | Vgg = 0mV to 200mV Step o 500 700 ns
traurTse | SLOW COMP Trip to GATE Discharging | Vgg = 0mV to 100mV Step o 10 18 30 s
textraurT | FAULT Low to GATE Discharging VEauLT = 5V to 0V . 1 3 5 ps
tRESET Circuit Breaker Reset Delay Time ON Low to FAULT High o 120 250 1]
torr Turn-Off Time ON Low to GATE Off 10 s

Note 1: Absolute Maximum Ratings are those values beyond which the life Note 3: An internal zener at the GATE pin clamps the charge pump voltage
of a device may be impaired.

to a typical maximum operating voltage of 28V. External voltage applied to

Note 2: All current into device pins are positive; all current out of device the GATE pin beyond the internal zener voltage may damage the part. If a
pins are negative; all voltages are referenced to ground unless otherwise lower GATE pin voltage is desired, use an external zener diode. The GATE
specified. capacitance must be <0.15pF at maximum V.

Note 4: Guaranteed by design.

4212i




LTC4212

PIN FUNCTIONS

ON (Pin 1): On/Off Control Input. The ON pin is used to
enable and disable LTC4212 operation and reset internal
logic and the electronic circuit breaker (ECB). It must be
pulled high (>1.316V) to start the first system timing
cycle. Ifthe ON pinis pulled low (<0.455V typical) for more
than 10ps, the internal logic is reset and the GATE pin is
pulled down by a 200pA current to turn off the external
FET. If the ON pin is pulled low for more than 120ps, the
electronic circuit breaker is reset. This pin is tied to a
resistor divider in latch-off applications or to the FAULT
pin and an external RC circuit in auto-retry applications.

TIMER (Pin 2): System Timer Input. An external capacitor
(Ctimer) connected from this pin to ground determines
the duration of the first and second system timing cycles.
The first timing cycle allows time for the board to be
inserted properly. During the second timing cycle, a
soft-start circuit controls the gate of the external
N-channel FET to limit inrush currents from the backplane

supply.

PGT (Pin 3): Power Good Timer Input. An external capaci-
tor (Cpgt) connected from this pin to ground sets the
power good time-out period. This is the maximum time
allowed for externally monitored DC/DC converters to
power-up into regulation and pull the PGI pin high. The
nominal time-out period is 1.81s/uF and begins from the
end of the second system timing cycle. This pin is pulled
toground by aninternal switch whenthe power good timer
is disabled or when the ECB is tripped.

PGF (Pin 4): Power Good Glitch Filter Input. An external
capacitor (Cpgr) connected from this pin to ground deter-
mines the power good glitch filter delay. The glitch filter is
enabled if the externally monitored DC/DC converters are
powered up within the power good time-out period (see
Pin 3). If the PGI pin goes low for longer than the filter
delay, the ECB is tripped.

GND (Pin 5): Device Ground Connection. Connect this pin
to the system’s analog ground plane.

PGI (Pin 6): Power Good Input Pin. This pin is used by the
power good circuit to sense the open drain RST output or
comparator outputs of an external supply monitor IC or
the PGOOD output of a DC/DC converter. It requires an
external pull-up resistor to a voltage above the ViagT

threshold 1.236V. When the power good timer times out
(see Pin 3), the PGl must be high to avoid tripping the ECB
and to enable the power good glitch filter.

GATE (Pin 7): Gate Output Pin. The output signal at this
pin is the high side gate drive for the external N-channel
FET pass transistor.

As shown in the Block Diagram, an internal charge pump
supplies a 10pA gate current and sufficient gate voltage
drive to the external FET for supply voltages from 2.5V to
16.5V. The internal charge-pump and zener clamps at the
GATE pin determine the gate drive voltage (AVgaTg =
Veate — Vee)- The charge pump produces a minimum 4V
of AVgate for supplies in the range of 2.5V < Vg <4.75V.
For Vg > 4.75V, the AVgate is limited by zener clamp Z1
connecting between GATE and Vg pins. The AVgate is
typically at 12V and with guaranteed minimum value of
10V. For Vg > 15V, the zener clamp Z2 sets the limitation
for AVgaTe. Z2 clamps the gate voltage to ground to 28V
typically. The minimum Z2’s clamp voltage is 23V. This
effectively sets AVgate to 8V minimum.

SENSE (Pin 8): Circuit Breaker Set Pin. With a sense
resistor placed in the power path between Vg and SENSE,
the LTC4212’s electronic circuit breaker trips if the voltage
across the sense resistor exceeds the thresholds set
internally for the SLOW COMP and the FAST COMP, as
shown in the Block Diagram. The threshold for the SLOW
COMP is VcsLow) = 50mV, and the electronic circuit
breaker trips if the voltage across the sense resistor
exceeds 50mV for 18ps.

Under transient conditions where large step current
changes can and do occur over shorter periods of time, a
second (fast) comparator instead trips the electronic
circuit breaker. The threshold for the FAST COMP is set at
Vea(rast) = 190mV, and the circuit breaker trips if the
voltage acrossthe sense resistor exceeds 150mVfor more
than 500ns. To disable the electronic circuit breaker,
connect the Vg and SENSE pins together.

Vee (Pin 9): This is the positive supply input to the
LTC4212. The LTC4212 operates from2.5V <V <16.5V,
and the supply current is typically TmA. An internal
undervoltage lockout circuit disables the device until the
voltage at Vg exceeds 2.34V.

4212i
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PIN FUNCTIONS

FAULT (Pin 10): Open Drain FAULT Output or External
FAULT Input. If the FAST COMP, SLOW COMP or the

connected by a 10k pull-up resistor to V. An external
circuit can also trip the ECB by driving FAULT below

power good circuittrips the ECB, the FAULT pinis latched ~ 1.236V (typical).
low. The FAULT pinis an opendrain outputand is typically
Ve | 9 SENSE | 8 GATE | 7
2
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OPERATION

Hot Circuit Insertion

When circuit boards are inserted into or removed from live
backplanes, the supply bypass capacitors can draw huge
transient currents from the backplane power bus as they
charge. The transient current can cause permanent dam-
age to the connector pins as well as cause glitches on the
system supply, causing other boards in the system to
reset.

The LTC4212 is designed to turn a printed circuit board’s
supply voltages ON and OFFin a controlled manner, allow-
ing the circuit board to be safely inserted or removed from
a live backplane.

Output Voltage Monitor

Unlike other LTC Hot Swap products, the LTC4212 does
not have an FB pin and monitors onboard DC/DC convert-
ers via an external power supply monitor chip such as the
LTC1326-2.5 or the LTC1727. This allows several DG/DC
convertersto be monitored atthe sametime. The LTC4212’s
PGl or power good input pin is used to monitor the RST or
comparator outputs of the monitor chip and it can also be
tied directly to the PGOOD pin of a DC/DC converter.

Undervoltage Lockout

The LTC4212’s power-on reset circuit initializes the start-
up procedure and ensures the chip is in the proper state if
the input supply voltage is too low. If the supply voltage
falls below 2.23V, the LTC4212 is in undervoltage lockout
(UVLO) mode, and the GATE pin is pulled low. Since the
UVLO circuitry uses hysteresis, the chip restarts after the
supply voltage rises above 2.34V and the ON pin goes
high.

In addition, users can utilize the ON comparator (COMP1)
orthe FAULT comparator (COMP6) to effectively program
a higher undervoltage lockout level. Figure 1 shows the
external resistor divider at the ON pin programs the
system’s undervoltage lockout voltage. The system will
enterthe plug-in cycle afterthe ON pin rises above 1.316V.
The resistor divider sets the circuit to turn on when Vgg
reaches around 79% of its final value. If a different turn on
V¢ voltage is desired change the resistor divider value
accordingly. The FAULT comparator can be the alternative

for external undervoltage lockout setting. If the FAULT
comparator is used for this purpose, the system will wait
for the input voltage to increase above the level set by the
user before starting the second timing cycle. Also, if the
inputvoltage drops below the setlevelin normal operating
mode, the electronic circuit breaker (ECB) trips and the
user must cycle the ON pin or Vg to restart the system.

Vi Vi Vi
3.3V 5V 12V
R1 R1 R1
10k 20k 61.9k
ON PIN ON PIN ON PIN
R2 R2 R2
10k 10k 10k
- - = 41201
(a) 3.3ViN (b) 5Vin (c) 12V|n

Figure 1. ON Pin Sets the Undervoltage
Lockout Voltage Externally

System Timing

System timing forthe LTC4212 is generated by the TIMER
circuitry (see the Block Diagram). If the LTC4212’s inter-
naltiming circuitis off, an internal N-channel FET connects
the TIMER pin to GND. If the timing circuit is enabled, an
internal 2pA current source is then connected to the
TIMER pin to charge Ctjyer at a rate given by Equation 1:

2uA
1
CTivER 0

When the TIMER pin voltage reaches COMP4’s threshold
0f1.236V, the TIMER pinis resetto GND. Equation 2 gives
an expression for the timer period:

C1iver Charge -Up Rate =

CTIMER
t =1.236V s ————2
TIMER 2 (2)

As a design aid, the LTC4212’s timer period as a function
of the Cyjmer using standard values from 3.3nF to 0.33uF
is shown in Table 1.

The Ctimer Vvalue is vital to ensure a proper start-up and
reliable operation. This timing period should not be exces-
sive as an output short can occur at start-up causing the
external MOSFET to overheat. A good starting point is to

4212i
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OPERATION

set Ctimer = 10nF and adjust its value accordingly to suit
the specific applications.

Table 1. trimer VS Crimer

Crimer triver
0.0033pF 2.0ms
0.0047pF 2.9ms
0.0068pF 4.2ms
0.0082pF 5.1ms

0.014F 6.2ms
0.015F 9.3ms
0.022pF 13.6ms
0.033pF 20.4ms
0.047pF 29.0ms
0.068pF 42.0ms
0.082pF 50.7ms

0.14F 61.8ms
0.15pF 92.7ms
0.22uF 136ms
0.33pF 204ms

Power-Up Timeout Circuit

The power-up timeout circuit has two functions. During
power-up, it trips the circuit breaker if the DG/DC convert-
ers on the board do not power-up and do not enter
regulation on time. After normal power-up, itis configured
to trip the circuit breaker if any of the converters exit
regulationfor longerthanaprogrammable delay. Once the
circuit breaker is tripped, the LTC4212 is latched off and
the board is disconnected from the system supply. The ON
pin must be taken low for 120ps to reset the circuit breaker
and then high to reconnect the board to the backplane

supply.

The power-up timeout circuit uses three pins: PGl or
power good input pin, PGT or power good timer pin and
PGF or power good filter pin. Itis enabled at the end of the
second system timing cycle, provided that the FAULT pin
is high. Prior to being enabled or if FAULT is low, the PGT
and PGF pins are pulled to GND by internal N-channel
FETs, M5 and M12 respectively. When enabled, the
power-up timeout circuit starts the power good timer,
which generates a time-out period before the PGl pin is
sampled.

Power Good Timer

The timer consists of COMP9, M8-M12, two 5pA current
sources and 0.65V and 0.95V threshold voltages for
COMPQ9.

The PGl pin is normally connected to the RST output pin
or comparator outputs of an external supply monitor IC or
to the PGOOD pin a DC/DC converter and drives a com-
parator, COMP8 which has a threshold voltage of 1.236V
and 28mV of hysterisis. The RST and PGOQD pins are
typically open drain pins and require an external pull-up
resistor. The upper end of the resistor must be connected
to a voltage greater than the upper threshold of the PGI
comparator (1.236V).

A capacitor, Cpgt, connected from the PGT pin to ground
programs the time-out period generated by the power
good timer according to Equation 3. Table 2 shows the
power good time-out periods for a list of standard capaci-
tor values.

trimeout = 1.81 * Cpgr(pF) seconds (3)

Two 5pAcurrentsources are switched inand outto charge
and discharge Cpgt between 0.65V and 0.95V for 14
cycles.

Table 2. tyjmeout VS Cpgt

Crar trimeout
3.3nF 5.97ms
4.7nF 8.51Tms
6.8nF 12.3ms
8.2nF 14.8ms
0.01pF 18.1ms
0.022pF 39.8ms
0.033uF 59.7ms
0.047uF 85.1ms
0.068uF 123ms
0.082uF 148ms
0.1pF 181ms
0.22uF 136ms
0.33uF 398ms
0.47yF 851ms
0.68uF 1230ms
0.82uF 1480ms
1uF 1810ms
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OPERATION

Since the PGT is pulled to GND by M12 before the power
good circuit is enabled, the first positive ramp at the PGT
pin starts from OV instead of the 0.65V for the subsequent
13 cycles.

Power Good Time-Out

At the end of the time-out period, the PGl pin is sampled.
M12 is turned on to discharge Cpg to ground. If the PGl
pin is low when sampled, the DC/DC converters have not
entered into regulation on time and the power good circuit
trips the circuit breaker to latch off the board. If PGl is high
when sampled, the converters powered up into regulation
on time and the board is left powered up. The power good
glitchfilter is enabled and it monitors the PGl pinforalow,
anindicationthatatleastone DG/DC converter has dropped
out of regulation. The glitch filter rejects low pulses
shorter than a programmable period.

Power Good Glitch Filter

A glitch filter consisting of COMP5, M5 and a 5pA current
source rejects PGl low pulses that are shorter than the
duration programmed by an external capacitor, Cpgr,
connected from the PGF pin to GND.

Once the glitch filter is enabled, M5 is switched off
whenever PGl goes low. This allows an internal 5pA
current source to charge the capacitance at the PGF pin. If
PGl stays low for long enough, the voltage at the PGF pin
rises above the upper threshold of COMP5 (1.236V) and
causes the power good circuit to trip the circuit breaker.
For a given Cpgr capacitance connected between PGF and
GND, the minimum low PGl pulse width needed to trip the
circuit breaker is given by:

tpgr = 1.236V * (Cpgr)/5PA + 5ps (4)

An internal 5pF capacitor and stray MSOP-10 package
capacitance sets tpgr to 5ps nominal when Cpgr is omit-
ted. Table 3 shows tpgp values for various standard
capacitors. Tying the PGF pin to ground prevents the
power good glitch filter from tripping the circuit breaker
after normal power-up.

Table 3. tpgr vs Cpgr

Crr trgr
— 5us
10pF 7.5us
22pF 10.4ps
33pF 13.2415
47pF 16.6ps
68pF 218155
82pF 25.2ps
100pF 2974
220pF 59,315
330pF 86.6115
470pF 121.2u8
680pF 173ps
820pF 208415
1nF 25218

Soft-Start or Inrush Current Control

The LTC4212 monitors the load current by sensing the
voltage (Voo — Vsense) developed across an external
sense resistor (Rsgyse) connected between the Vg and
SENSE pins. During the second timing cycle (see Normal
Operating Sequence) a soft-start circuit turns on the
external N-channel FET gradually to keep inrush currents
in check. The soft-start circuit monitors and servos the
voltage across Rggyse to 50mV by either connecting a
10pA pull-up current source to the GATE pin when the
voltage across Rgeyse is less than 50mV and discharging
it with a 10pA pull-down current source when the voltage
rises above 50mV. Therefore, the inrush current from the
backplane supply is limited to:

Limim(sorTsTaRT) = 50mMV/Rsense ()
Forexample, ILIMIT(SOFTSTART) =5AwhenRgpyse=0.01Q.
Assuming that the voltage across the sense resistor does

not exceed 50mV, the voltage at the GATE pin rises at rate
given by:

Vigate Slew Rate, dVgate/dt =10pA/Cgate (6)
where, Cgate = Power MOSFET gate input capacitance
(Ciss)-

For example, an Si4410DY (a 30V N-channel power
MOSFET) exhibits an approximate Cgate of 3300pF at
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Vs = 10V. From Equation 6, the slew rate is calculated to
be 3.03V/ms.

The inrush current being delivered to the load while the
GATE pin is ramping depends on Cjgap and CgaTg. The
external N-channel MOSFET acts as a source follower so
that its source (load) voltage ramps up at the same rate as
the GATE pin. The output current is given by Equation 7:

linrusH = GLoap ® dVgare/dt (7)
=10pA ¢ G 0ap/CaaTE

where, G| gap is the total capacitance at the load side of the
MOSFET. For example, if Cgate = 3300pF and
CLoap = 2000uF, the inrush current charging Cioap iS
6.06A. Note that the soft-start circuit will servo the inrush
to lLimim(sorTsTaART) OF 9A in this example and dVgarg/dt
will be lower than calculated from Equation 6.

Frequency Compensation at Soft-Start

If the external gate input capacitance (Cjsg) is greater than
600pF, no external gate capacitor is required at GATE to
stabilize the internal current-limiting loop during soft-
start. Otherwise, connect a gate capacitor between the
GATE pinand ground to increase the total gate capacitance
to be equalto orabove 600pF. The servo loop that controls
the external MOSFET during current limiting has a unity-
gain frequency of about 105kHz and phase margin of 80°
for external MOSFET gate input capacitances to 2.5nF.

Electronic Circuit Breaker

The LTC4212 features an electronic circuit breaker func-
tion that protects against supply overvoltage, externally-
generated fault conditions, shorts or excessive load current
conditions and power good faults. If the circuit breaker
trips, the GATE pin is immediately pulled to ground, the
external N-channel MOSFET is quickly turned OFF and
FAULT is latched low.

The circuit breaker trips whenever the voltage across the
sense resistor exceeds two different levels, set by the
LTC4212’s SLOW COMP and FAST COMP thresholds (see
Block Diagram). The SLOW COMP trips the circuit breaker
if the voltage across the SENSE resistor (Ve — VsensE =
Veg) is greater than 50mV for 18ps. The FAST COMP trips
the circuitbreakerto protect against fastload overcurrents

if the transient voltage across the sense resistor is greater
than 150mV for 500ns.

The timing diagram of Figure 2 illustrates when the
LTC4212’s electronic circuit breaker is armed. After the
firsttiming cycle, the LTC4212’s FAST COMP is armed at
Time Point 6. This ensures that the system is protected
againsta short-circuit condition during the second timing
cycle after G gap has been fully charged. At Time Point 8,
SLOW COMP is armed when the internal control loop is
disengaged.

The timing diagram in Figure 4 illustrates the operation of
the LTC4212 when the load current conditions exceed the
threshold of SLOW COMP (Veg(sLow) > 50mV).

Circuit Breaker Reset

Referring to the Block Diagram, the ON pin drives two
internal comparators, COMP1 and COMP2. COMP1 is
referenced to 1.236V and has a hysterisis of 80mV.
COMP2isreferencedto 0.5V and has a hysterisis of 45mV.
The outputs of the two comparators drive an internal flip-
flop to generate a typical high and low ON pin threshold of
1.31V and 0.455V respectively.

Ifthe voltage atthe ON pinis driven below 0.455V for more
than 10us, all internal control logic except the circuit
breaker is reset. A 200pA pull-down current source is
connected to the GATE pin to pull it down gradually.
Holding the ON pin below 0.455V for 120us or longer,
resets the circuit breaker. Following reset, the ON pin must
be taken above 1.316V to start a power-up sequence.

Normal Operating Sequence

Figure 2 illustrates the normal power-up sequence for two
different applications. The PGl (RST) and PGF (RST)
waveforms are valid for applications which use the PGl pin
to monitor the RST output of a supply monitor chip. The
PGl (PGOOD) and PGF (PGOOD) waveforms refer to
applications that tie the PGl pin to the PGOOD output
of a DC/DC converter. All other waveforms in Figure 2
are common to both applications. The PGl and PGF
waveforms for applications that connect PGI pin to the
comparator outputs of a supply monitor such as the
LTC1727 are similar to PGl (PGOOD) and PGF (PGOOD).

4212i
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CHECK FOR GATE < 0.2V GLITCH FILTER TRIPS BREAKER
CHECK FOR FAULT HIGH ON GOES LOW
FAST COMP ARMED LOGIC RESET
SLOW COMP & POWER GOOD CIRCUIT ARMED (200pA GATE PULLDOWN)
PGI SAMPLED GIRCUIT BREAKER RESET
18
12 3 456 7 8 10 11 12 1314 15 16 17, 19 20 21
vtosav ]
Vee 7
ON
VRer VRer
TIMER /
1STTIMING | —{2ND TIMING ) 1STTIMING | )
CYCLE (CrimeR) CYCLE (CrimeR) CYCLE (Crimer)
GATE /
SOFT-START
= ACTIVE
DC/DC \
CONVERTER /// \
OUTPUT ]
Vee 77
FAULT /
VAWM
PGT 0.65V ]A
POWER GOOD
~ 1 TIME-OUTCYCLE | |
(Cpar)
_PGI
(RST)
-
200ms
MONITOR DELAY
_PGF
(RST)
PG
(PGOOD)
PGF
(PGOOD)
NORMAL POWER-UP SEQUENCE POWER GOOD GLITGH ECB RESET
FILTER SEQUENGE SEQUENGE w1252

Figure 2. Normal Power-Up, Power Good Glitch Filter and ECB Reset Sequences
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First Timing Cycle

When the PC board makes contact with the backplane
(Time Point 1), V¢ starts to rise. While Vg < 2.23V, the
LTC4212 is in UVLO mode. The GATE pin is pulled to
ground by a 200pA current source to shut off the external
N-channel MOSFET and the TIMER, PGT and PGF pins are
all pulled low by internal N-channel FETs M6, M5 and M12.
When Vg rises above the UVLO threshold of 2.34V (Time
Point 2), the LTC4212 waits for the ON pin to go high ( >
1.316V) and checks that the GATE is low (VgaTg < 0.2V)
before initiating the first timing cycle (Time Point 3).

Thefirsttiming cycle begins withthe TIMER pinup atarate
given by Equation 1. At Time Point 4 (the timing period
programmed by Ctjmer), the TIMER pin voltage equals
Vg = 1.236V. Next the TIMER pin is pulled down by M6
to Time Point 5 where Vg = 0.2V. At Time Point 5, the
LTC4212 checks thatthe FAULT pinvoltageis high (VEauLT
> 1.236V) before initiating the second timing cycle. If
FAULT is forced low externally, the second timing cycle
will not start and the external N-channel FET stays OFF.

Second Timing Cycle

Atthe beginning of the second timing cycle (Time Point 6),
the LTC4212 FAST COMP is armed and the soft-start
circuit is enabled. The GATE pin is ramped up at a rate
given by Equation 6. Iftheinrush currentfromthe backplane
supply (Equation 7) is large enough to cause the voltage
drop across the sense resistor to exceed 50mV, the soft-
start circuit activates to regulate the inrush current (Equa-
tion 9). The soft-start circuit continues to operate until
Time Point 8 when the TIMER pin voltage equals Vg =
1.236V again. At Time Point 8, SLOW COMP is armed and
the power good circuit is enabled.

When the power good circuit is enabled, M12, the internal
N-channel FET shorting the PGT pin to ground is switched
OFFand the power good timer started. The DC/DC convert-
ers enter regulation at Time Point 10. In applications
where the PGI pin is connected to the PGOOD pin of a DC/
DC converter, PGl is pulled high shortly after the converter
enters into regulation (see PGI (PGOOD) waveform). In
applications where PGl monitors the RST output of a

supply monitor like the LTC1326-2.5, the RST and there-
forethe PGl pins are held low foranother200ms until Time
Point 11 (see PGI (RST) waveform). At Time Point 12, the
power good circuit samples the PGl pin. During normal
power-up, PGl will go high before Time Point 12. The
power good circuit disables and resets the power good
timer and M12 is turned ON to pull PGT to ground. The
power good glitch filter is enabled to monitor the PGl pin.

Power Good Glitch Filter Sequence

The power good glitch filter sequence is also shown in
Figure 2 from Time Points 12 through 16. When the glitch
filterisenabled, M5, the internal N-channel FET that shorts
the PGF pin to GND is switched OFF whenever PGl is low.
This allows the Cpgr capacitor to be charged by an internal
5pA current source towards 1.236V. If the PGF pin voltage
exceeds 1.236V, the power good circuit trips the circuit
breakerto latch the part off. Tying PGF to GND disables the
glitch filter and prevents the power good from tripping the
circuit breaker after Time Point 12.

For supply monitors such as the LTC1326-2.5, the glitch
filter is less useful. The comparators in the LTC1326-2.5
that monitorthe DC/DC converters have atypical propaga-
tion delay of 13ps. If any of the monitored supplies leave
regulation for more than 13ps, the RST signal will be
pulled low until 200ms after all the supplies re-enter
regulation. The net effect is that the LTC1326-2.5 per-
forms the glitch filtering and rejects pulses shorter than
13us. The PGOOD output of a DC/DC converter does not
have the 200ms delay of the LTGC1326-2.5. Thus any low
PGOOD pulse will immediately cause Cpgr to be charged
towards 1.236V (Time Points 13 and 14). Cpgr values can
be selected to reject low pulses that are shorter than some
desired pulse width.

Some supply monitor chips such as the LTC1727 provide
access to the outputs of comparators monitoring the DG/
DC converters as well as the RST output. The comparator
outputstrackthe converter outputvoltages. [fthe LTC4212
PGI pin is used to monitor the output of a comparator
rather than the RST output of the LTC1727, Cpgr can be
selected to reject low pulses shorter than a desired pulse
width.

4212i
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Electronic Circuit Breaker (ECB) Reset Sequence

The ECB reset sequence is shown in Figure 2 from Time
Points 17 through 19. At Time Point 17, the ON pinis taken
low. Ten microseconds later at Time Point 18, the internal
logic is resetand a200pA source is connected to the GATE
pin to pull the pin to ground. 120us after ON goes low
(Time Point 19), the ECB is reset. When the ON pin is taken
high at Time Point 20 a new first timing cycle is started. If
the time from Test Point 17 to Test Point 18 is less than
120ps, the ECB is not reset and taking the ON pin high at
Time Point 20 will not start a new first timing cycle.

Power Good Time-Out Fault Sequence

Figure 3 shows a power-up sequence in which the DC/DC
converters do not enter regulation on time and the power
good trips the ECB. The sequence is the same as for the
normal power-up in Figure 2 until Time Point 12 when the
power good timer times out and the PGl pin is sampled.
Since PGl is low, the power good circuit trips the ECB. The
GATE pin is pulled to ground immediately to disconnect
power to the board and the FAULT pin is latched to a
low state. The PGT and PGF pins are pulled to GND
internally by N-channel FETs. To reconnect the board to
the backplane supply, the ON pin must be taken low for at
least 120us to reset the ECB and then high again to start
a new first timing cycle.

Overcurrent Fault Sequence

Figure 4 shows a power-up sequence with SLOW COMP
tripping the ECB. At the beginning of the second timing
cycle (Time Point 6), the GATE pinis connected to the soft-
start circuit and FAST COMP is armed but it does not
usually trip the ECB due to the action of the soft-start
circuit onthe GATE pin. The soft-start circuit regulates the
voltage across the Rgpyse resistor to 50mV. At Time
Point 8, the soft-start circuit is disconnected. A 10pA
current source pulls the GATE pin up and SLOW COMP is
armed. If a short occurs and the voltage across Rsense
jumps above 50mV for more than 18ps but is less than

150mV, SLOW COMP trips the ECB (Time Point 10). If the
voltage across Rggnse jumps above 150mV for 300ns or
more, FAST COMP will trip the ECB.

When the ECB trips, the GATE pin is driven to GND
immediately to shut off the external N-channel FET and
disconnect the board from the backplane supply. The
FAULT pin is latched to a low state and the power good
circuit is reset. The PGT and PGF pins are shorted to
ground by internal N-channel FETs. In order to reset the
fault latch, the ON pin must be taken low for more than
120us (Time Points 12 to 14). After that, taking the ON pin
high (Time Point 15) starts a new power-up sequence.

Autoretry Sequence

Once the circuit breaker trips, the LTC4212 can be config-
uredtoautoretry thatis attemptto reconnectthe backplane
supply automatically. Both FAULT and ON pins are tied
togetherto an external pull-up resistor to Vg (Rayto) and
to a delay capacitor (Caytg) as shown in Figure 5.

Figure 6 shows two autoretry sequences caused by a
persistent short. When the circuit breaker trips (Time
Point 9), an internal N-channel FET at the FAULT pin is
turned onto pullthe pinlow. This discharges the autoretry
capacitor, Gayto towards ground. When the ON pin volt-
age drops below 0.455V for 10ps (from Time Point 10),
internal logic is reset and a 200pA current source is
connected to the GATE pin. The GATE pinis already pulled
down to ground at Time Point 9. The circuit breaker is not
reset so that the FAULT pin continues to discharge Cayro-
After the ON pin has dropped below 0.455V for more than
120ps (Time Point 11), the circuit breaker is reset. The
N-channel FET at the FAULT pin is switched off and the
pull-up resistor at the ON pin starts to charge Cayto
towards the upper 1.316V threshold of the ON pin. Once
the ON pin voltage rises above 1.316V, the first timing
cycleis started. The total cooling off period for the external
N-channel FET starts at Time Point 9 when the circuit
breaker trips to Time Point 15 when the second timing
cycle is started.
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CHECK FOR GATE < 0.2V

CHECK FOR FAULT HIGH ON GOES LOwW
FAST COMP ARMED LOGIC RESET
SLOW COMP & POWER GOOD CIRCUIT ARMED (200pA GATE PULLDOWN)
PGI SAMPLED CIRCUIT BREAKER RESET
15
12 3 4 56 7 8 9 10 11 12 13 14 16 17 19
2.34V 4 [
Vee 7
ON
VReF VREF VRer
TIMER
*—{ZND TIMING 1ST TIMING
CYCLE (Crimer) CYCLE (Crimer)
GATE
SOFT-START
™ ACTIVE
Voutr —
DC/DC
CONVERTER L~
(RST)
<200ms
|
DC/DC Yo
CONVERTER ,// \
OUTPUT L
(PGOOD) —
Vee 77
FAULT /
o AV
PGT 0.65V ]A
POWER GOOD
= TIME-OUT CYCLE | |
(Cpar)
PGI
PGF
POWER GOOD TIMEOUT FAULT SEQUENCE ECB RESET
SEQUENCE 4212F03

Figure 3. Power Good Time-Qut Fault and ECB Reset Sequence
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It consists of the time the FAULT pin takes to discharge  Sense Resistor Considerations

Cauro (Time Points 910 10), the 120ps neededtoresetthe o 31 current level at which the LTC4212's internal
C'rﬁ“'t breaketr (T'Tihpo'gkls 9_tot11),;he t|méa It takeg te  electronic circuit breaker trips is determined by a sense
pu'-p Tesistor at the UMl pin 10 Charge Layto above yeictqr connected betweenthe LTC4212's Vg and SENSE

1.316V (Time Points 11 to 12) and the elapsed time before - L AR
the external N-channel starts to conduct during the second pins and two separate trip points. Thefirsttrip pointis set

timing cycle (Time Points 12 to 16).

1 2 3 4 5 6 7 8 9 10 11 1213 1415 16
230
Vee /
ON
VREE \/Ry« VREF
TIMER \ /
1STTIMING | ¥ 2ND TIMING | 1ST TIMING —
CYCLE (CimER) e CYCLE (CTimER) s CYCLE (Crimer)
GATE
SOFT-START
ACTIVE
\ > 50mV, >18ps
Ve — Vsense = 50mV
Vec - Vsense
DC/DC
CONVERTER
OUTPUT \
Ve /
FAULT /
PGT 0.95V
0.65V —
POWER GOOD TIMER
ENABLED (Cpgr)
PGI
PGF
4212 Fo4

Figure 4. Power-Up with Overcurrent, Slow Comparator Trips the Circuit Breaker
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BACKPLANE EDGE
CONNECTOR CONNECTOR
M1

(FEMALE)  (MALE) RSENSE
y 0.007Q Si4410DY
cC ’ AW\
5V L~ s, Lyl ﬂ_mpF )
A7 S os LT
= Cx 100Q =
—— 10nF 9 8 7
Ruto  — Vgo  SENSE  GATE
AAA

1
VVv I ON
Cavto—— |1 LTC4212 6
FAULT PGl

aND Veea Vees
TIMER PGT PGF She LTC1326-2.5

2
2 3 4 6| -— 2
CTIMER J— J—CPGT J— CpgF RST Veoos

0.01uFT T180nF T 18pF GND
14

GND
71 = SMAJ10A (TVS) £ o

Figure 5. LTC4212 Autoretry Application

123 456 78 9 10 "no12 131415 16 17 18 19
|
2.34v
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on /]
/ 0455V N 0.455V NG
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TIMER
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~TTIMING T | [ TIMING | TTIMING T | [ TIMING T
GATE CYCLE (Crimer) CYCLE (Crimer) CYCLE (CrimeR) CYCLE (Crimer)
SOFT-START ACTIVE SOFT-START ACTIVE
Voo~ Vsese = || > S0MY Vigg — Vsense = | > 50mV
50mV 50mV
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DC/DC
CONVERTER
OuTPUT

FAULT / /
—/ N N
PaT 0.95V 0.95V
0.65V —/+ 0.65V
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TIMER ENABLED TIMER ENABLED
PGI (CpgT) (CpeT)
PGF

4212 F08

Figure 6. Autoretry Sequence
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by the SLOW COMP’s threshold, Vcp(sLow) = 90mV, and
occurs should a load current fault condition exist for more
than 20ps. The current level at which the electronic circuit
breaker trips is given by Equation 8:

Vea(sLow) _ 50mV 8
Rsense  RSENSE

The second trip pointis set by the FAST COMP’s threshold,
Veg(rast) = 190mV, and occurs during fast load current
transients that exist for 300ns or longer. The current level
at which the circuit breaker trips in this case is given by
Equation 9:

ITRIP(SLOW) =

VeB(FaST)
Rsense

_ 150mV
RsENSE

9)

ITRIP(FAST) =

As a design aid, the currents at which electronic circuit
breaker trips for common values for Rggysg are shown in
Table 4.

Table 4. ItpipsLow) and lrrip(ras) VS Rsense

Rsense ItRIP(SLOW) ITRIP(FAST)
0.005Q 10A 30A
0.006Q 8.3A 25A
0.007Q 71A 21A
0.008Q 6.3A 19A
0.009Q 5.6A 17A
0.01Q 5A 15A

For proper circuit breaker operation, Kelvin-sense PCB
connections betweenthe senseresistorandthe LTC4212’s
Voo and SENSE pins are strongly recommended. The
drawing in Figure 7 illustrates the correct way of making
connections between the LTC4212 and the sense resistor.
PCB layout should be balanced and symmetrical to mini-
mize wiring errors. In addition, the PGB layout for the
sense resistor should include good thermal management
techniques for optimal sense resistor power dissipation.

The power rating of the sense resistor should accommo-
date steady-state fault current levels so that the compo-
nent is not damaged before the circuit breaker trips.
Table 5 in the Appendix lists sense resistors that can be
used with the LTC4212’s circuit breaker.

Calculating Circuit Breaker Trip Current

For a selected RgeysE value, the nominal load current that
trips the circuit breaker is given by Equation 10:

IRC-TT SENSE RESISTOR
LR251201R010F
OR EQUIVALENT
0.01Q, 1%, 1W

CURRENT FLOW
TO LOAD

E—

CURRENT FLOW
TO LOAD

E—

TRACK WIDTH W: i 1

0.03" PER AMP w .
|-| 4212 FO7

ON 1 0Z COPPER
T0

Vgg  SENSE

Figure 7. Making PCB Connections to the Sense Resistor

ITRIP(NOM) = Voo __ S0mY (10)
Rsenseom) — Rsensgnom)

The minimum load current that trips the circuit breaker is
given by Equation 11.

| _ Vegminy 40mV
TRIP(MIN) = = (11)
Rsensevax)  RsensgMAx)
where
O R 2
Rsenseviax) = Rsensenom) © O+ ToL %
§ 0100

The maximum load current that trips the circuit breaker is
given in Equation 12.

__ 60mV
Rsenseivy —— (12)

VeB(MaX)
RSENSEMIN)

lTRIP(MAX) =

where

TOL

100%

Rsensemviny = Rsensenom) ®

10
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For example:

If a sense resistor with 7mQ £5% Ryq|_is used for current
limiting, the nominal trip current ltgrip(nowm) = 7.1A. From
Equations 11 and 12, |'|'R|p(|\/|||\|) = 5.4A and |TRIP(MAX) =
9.02A respectively.

For proper operation and to avoid the circuit breaker
tripping unnecessarily, the minimum trip current
(ITrip(viny) must exceed the circuit’s maximum operating
load current. For reliability purposes, the operation at the
maximum trip current (ltripvax)) must be evaluated
carefully. If necessary, two resistors with the same Ryg.
can be connected in parallel to yield an Rsensgnom) value
that fits the circuit requirements.

Power MOSFET Selection Criteria

To start the power MOSFET selection process, choose the
maximum drain-to-source voltage, Vps(ax), and the
maximum drain current, Ipax) of the MOSFET. The
Vps(max) rating must exceed the maximum input supply
voltage (including surges, spikes, ringing, etc.) and the
Ipgvax) rating must exceed the maximum short-circuit
currentin the system during a fault condition. In addition,
consider three other key parameters: 1) the required gate-
source (Vgg) voltage drive, 2) the voltage drop across the
drain-to-source on resistance, Rpgon) and 3) the maxi-
mum junction temperature rating of the MOSFET.

Power MOSFETSs are classified into two categories: stan-
dard MOSFETs (Rps(on) specified at Vgs = 10V) and
logic-level MOSFETS (Rps(on) specified at Vgg = 5V). The
absolute maximum rating for Vgg is typically £20V for
standard MOSFETs. However, the Vgg maximum rating
for logic-level MOSFETs ranges from +8V to +20V de-
pending upon the manufacturer and the specific part
number. The LTC4212’s GATE overdrive as a function of
Vigisillustrated inthe Typical Performance curves. Logic-
level MOSFETs are recommended for low supply voltage
applications and standard MOSFETSs can be used for appli-
cations where supply voltage is greater than 4.75V.

Note that in some applications, the gate of the external
MOSFET can discharge faster than the output voltage
when the circuit breaker is tripped. This causes a negative
Vg voltage onthe external MOSFET. Usually, the selected

external MOSFET should have a +Vgg(wax rating that is
higher than the operating input supply voltage to ensure
that the external MOSFET is not destroyed by a negative
Vs voltage. In addition, the +Vgguax) rating of the
MOSFET must be higher than the gate overdrive voltage.
Lower +Vgs(wax) rating MOSFETs can be used with the
LTC4212 if the GATE overdrive is clamped to a lower
voltage. The circuit in Figure 8 illustrates the use of zener
diodes to clamp the LTC4212’s GATE overdrive signal if
lower voltage MOSFETSs are used.

RASWE Q1
Vee \ 1 *_-‘[ ¢ Vour
D1* D2* |
Rg
200Q
GATE 4212708

*USER SELECTED VOLTAGE CLAMP
(A LOW BIAS CURRENT ZENER DIODE IS RECOMMENDED)
1N4688 (5V)

1N4692 (7V): LOGIC-LEVEL MOSFET

1N4695 (V)

1N4702 (15V): STANDARD-LEVEL MOSFET

Figure 8. Optional Gate Clamp for Lower Vgs(max) MOSFETs

The Rpson) of the external pass transistor should be low
to make its drain-source voltage (Vps) a small percentage
of V. Ata Vg = 2.5V, Vps + Vrsense = 0.1V yields 4%
error at the output voltage. This restricts the choice of
MOSFETS to very low Rps(gn). At higher V¢ voltages, the
Vps requirement can be relaxed in which case MOSFET
package dissipation (Pp and Ty) may limit the value of
Ros(on). Table 6 lists some power MOSFETs that can be
used with the LTC4212.

For reliable circuit operation, the maximum junction tem-
perature (T(vax)) fora power MOSFET should not exceed
the manufacturer’s recommended value. This includes
normal mode operation, start-up, current-limit and
autoretry mode in a fault condition. Under normal condi-
tionsthe junctiontemperature ofapower MOSFET is given
by Equation 13:

MOSFET Junction Temperature,
Tymax) < Tagmax) + 6ya  Pp (13)

4212i
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where
Po = (ILoaD)? * Ros(on)
6, = junction-to-ambient thermal resistance
Ta(max) = maximum ambient temperature

If a short circuit happens during start-up, the external
MOSFET can experience a big single pulse energy. This is
especially true if the applications only employed a small
gate capacitor or no gate capacitor at all. Consult the safe
operating area (SOA) curve of the selected MOSFET to
ensure that the T (ax) is not exceeded during start-up.

Using Staggered Pin Connectors

The LTC4212 can be used on either a printed circuit board
or on the backplane side of the connector. Printed circuit
board edge connectors with staggered pins are recom-
mended as the insertion and removal of circuit boards do
sequence the pin connections. Supply voltage and ground
connections on the printed circuit board should be wired
to the edge connector’s long pins or blades. Control and
status signals (like FAULT and ON) passing through the
card’s edge connector should be wired to shortlength pins
or blades.

PCB Connection Sense

There are a number of ways to use the LTC4212’s ON pin
to detect whether the printed circuit board has been fully
seated in the backplane before the LTC4212 commences
a start-up cycle.

An example is shown in the schematic on the front page

of this data sheet. In this case, the LTC4212 is mounted
onthe PCB and a 20k/10k resistive divider is connected to
the ON pin. On the edge connector, R1 is wired to a short
pin. Untilthe connectors are fully mated, the ON piniis held
low, keeping the LTC4212 in an off state. Once the
connectors are mated, the resistive divider is connected
to Ve, Von > 1.316V and the LTC4212 begins a start-up
cycle.

PCB Layout Considerations

For proper operation of the LTC4212’s circuit breaker
function, a 4-wire Kelvin connection to the sense resistors
is highly recommended. In Hot Swap applications where
load currents can reach 10A or more, narrow PGB tracks
exhibit more resistance than wider tracks and operate at
more elevated temperatures. Since the sheet resistance of
1 ounce copper foil is approximately 0.54mQ/square,
track resistances add up quickly in high current applica-
tions. Thus, to keep PCB track resistance and temperature
rise to a minimum, PCB track width must be appropriately
sized. Consult Appendix A of LTC Application Note 69 for
details on sizing and calculating trace resistances as a
function of copper thickness.

In the majority of applications, it will be necessary to use
plated-through vias to make circuit connections from
component layers to power and ground layers internal to
the PC board. For 1 ounce copper foil plating, a good
starting pointis 1A of DC current per via, making sure the
viais properly dimensioned so that solder completely fills
any void. For other plating thicknesses, check with your
PCB fabrication facility.

APPENDIX

Table 5 lists some current sense resistors that can be used
withthe circuit breaker. Table 6 lists some power MOSFETs

Table 5. Sense Resistor Selection Guide

that are available. Table 7 lists the web sites of several
manufacturers. Since thisinformationis subjectto change,
please verify the part numbers with the manufacturer.

CURRENT LIMIT VALUE PART NUMBER DESCRIPTION MANUFACTURER
1A LR120601R050 0.05Q 0.5W 1% Resistor [RC-TT

2A LR120601R025 0.025Q 0.5W 1% Resistor [RC-TT

2.5A LR120601R020 0.02Q 0.5W 1% Resistor [RC-TT

3.3A WSL2512R015F 0.015Q 1W 1% Resistor Vishay-Dale

5A LR251201R010F 0.01Q 1.5W 1% Resistor [RC-TT

10A WSR2R005F 0.005Q 2W 1% Resistor Vishay-Dale
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Table 6. N-Channel Selection Guide

CURRENT LEVEL (A) PART NUMBER DESCRIPTION MANUFACTURER

0to2 MMDF3NO2HD Dual N-Channel SO-8 ON Semiconductor
Ros(on) = 0.1Q, Cyss = 455pF

2t05 MMSF5N02HD Single N-Channel SO-8 ON Semiconductor
Ros(on) = 0.025Q, Css = 1130pF

5t010 MTB50N06V Single N-Channel DD Pak ON Semiconductor
Rps(on) = 0.028Q, Css = 1570pF

1010 20 MTB75N05HD Single N-Channel DD Pak ON Semiconductor
Ros(on) = 0.0095Q, Css = 2600pF

Table 7. Manufacturers’ Web Sites

MANUFACTURER

WEB SITE

TEMIC Semiconductor

www.temic.com

International Rectifier

www.irf.com

ON Semiconductor

WWW.0Nsemi.com

Harris Semiconductor

www.semi.harris.com

[RC-TT

www.irctt.com

Vishay-Dale

www.vishay.com

Vishay-Siliconix

www.vishay.com

Diodes, Inc.

www.diodes.com
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LTC4212

TYPICAL APPLICATION

Monitoring DC/DC Converters with the LTC1326-2.5 Supply Monitor
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RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LTC1421 Two Channels, Hot Swap Controller 24-Pin, Operates from 3V to 12V and Supports —12V
LTC1422 Single Channel, Hot Swap Controller 8-Pin, Operates from 2.7V to 12V

LT1640AL/LT1640AH Negative Voltage Hot Swap Controller 8-Pin, Qperates from =10V to —80V

LTC1642 Single Channel, Hot Swap Controller 16-Pin, Overvoltage Protection

LTC1643AL/LTC1643AH | PCI-Bus Hot Swap Controller 16-Pin, 3.3V, 5V and 12V

LTC1647 Dual Channel, Hot Swap Controller 8-Pin, 16-Pin, Operates from 2.7V t0 16.5V
LTC4210-1/LTC4210-2 | Single Channel, Hot Swap Controller 6-Pin, Hot Swap Controller with Active Current Limiting
LTC4211 Single Channel, Hot Swap Controller 8-Pin or 10-Pin, with Overvoltage and Overcurrent Protection
LTC4230 Triple Channel, Hot Swap Controller 20-Pin, Triple Hot Swap Controller

LTC4241 PCI-Bus Hot Swap Controller 20-Pin, with 3.3V Standby Channel

LTC4251/LTC4251-1/ —48V Voltage Hot Swap Controller 6-Pin, —48V Hot Swap Controller

LTC4251-2

LTC4252 —-48V Hot Swap Controller 8-Pin or 10-Pin, —48V Hot Swap Controller

L TC4253 Triple Power Supply Sequenced —48V Hot Swap Controller | 16-Pin —48V Hot Swap Controller with Triple Supply Sequencing
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