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Ll”t ’ \D LTC4211

TECHNOLOGY  Hot Swup Controller with

Multifunction Current Control

FEATURES DESCRIPTION

= Allows Safe Board Insertion and Removal The LTG®4211 is a hot swap controller that allows a board
from a Live Backplane to be safely inserted and removed from a live backplane.

= Controls Supply Voltages from 2.5V to 16.5V An internal high side switch driver controls the gate of an

= Programmable Soft-Start with Inrush Current external N-channel MOSFET for supply voltages ranging
Limiting, No External Gate Capacitor Required from 2.5V t0 16.5V. The LTC4211 provides soft-start and

® Faster Turn-Off Time Because No External Gate inrush current limiting during the start-up period which
Capacitor is Required has a programmable duration.

APPLICATIONS

Dual Level Overcurrent Fault Protection
Programmable Response Time for Overcurrent
Protection (MS)

Programmable Overvoltage Protection (MS)
Automatic Retry or Latched Mode Operation (MS)
High Side Drive for an External N-Channel FET

User-Programmable Supply Voltage Power-Up Rate responds in 300ns.

Two on-chip current limit comparators provide dual level
overcurrent circuit breaker protection. The slow com-
parator trips at Voo — 50mV and activates in 20ps (or is
programmed by an external filter capacitor, MS only).
The fast comparator trips at Voo — 150mV and typically

FB Pin Monitors Voyr and Signals RESET The FB pin monitors the output supply voltage and signals

Glitch Filter Protects Against Spurious RESET Signal ~ the RESET output pin. The ON pin signal turns the chip on
and off and can also be used for the reset function. The

MS package has FAULT and FILTER pins to provide addi-

Electronic Circuit Breaker
Hot Board Insertion and Removal (Either On

Backplane or On Removable Card) Zener diode clamp.

tional functions like fault indication, autoretry or latch-off
modes, programmable current limit response time and
programmable overvoltage protection using an external

Industrial ngh Slde SWItCh/CIfCUlt Breaker LY LT LTC, LTM, Lir]earTechnology and the Linear logo are registergd trademarks of Linear

Technology Corporation. All other trademarks are the property of their respective owners.
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LTCA4211

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage (Vgp) «oeeeeeeeereeererersieieieieieeieieieieienenens 17V Operating Temperature Range
Input Voltage LTCA211C.....ceieieeeeeeeeeeeceeee 0°C to 70°C
FB, ON .o -0.3Vto 17V LTCA21 L. -40°C to 85°C
SENSE, FILTER ..o -0.3V1to Vg + 0.3V Storage Temperature Range .................. —-65°C to 150°C
TIMER. ..o, -0.3Vto 2V  Lead Temperature (Soldering, 10 SEC)........ccvu..v.. 300°C
Output Voltage
GATE. ... Internally Limited (Note 3)
RESET, FAULT ..o, -0.3Vto 17V
PIN CONFIGURATION
TOP VIEW P VIEW TOP VIEW
RESET [1] 8] Ve e 1o Hs v RESET 1] o 110 FAULT
on [2] 7] SENSE ON ZE %g EEEEE FLTER 0 SHRL
TR [3 6] oure "Guo 40 s s TINER 40 p7 GATE
GND [4] 5] FB MS8 PACKAGE
— B RLSTONSOP 10-LEAD PLASTIC isOP
8-LEAD PLASTIC SO MAXETES B RS Tawax = 125°C, B4 = 200°C/W
Tmax = 125°C, 04 = 150°C/W

ORDGR InFOﬂmﬂTlon http://www.linear.com/product/LTC4211#orderinfo

LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC4211CS8#PBF LTC4211CS8#TRPBF 4211 8-Lead Plastic SO 0°C to 70°C
LTC42111S8#PBF LTC42111S8#TRPBF 42111 8-Lead Plastic SO -40°C to 85°C
LTC4211CMS8#PBF LTC4211CMS8#TRPBF LTSC 8-Lead Plastic MSOP 0°C to 70°C
LTC4211IMS8#PBF LTC4211IMS8#TRPBF LTSD 8-Lead Plastic MSOP -40°C to 85°C
LTC4211CMS#PBF LTC4211CMS#TRPBF LTSU 10-Lead Plastic MSOP 0°Cto 70°C
LTC4211IMS#PBF LTC4211IMS#TRPBF LTSV 10-Lead Plastic MSOP -40°C to 85°C

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

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/. Some packages are available in 500 unit reels through

designated sales channels with #TRMPBF suffix.

GLECTRICHL CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

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

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve Ve Supply Voltage Range ) 2.5 16.5 V
lec Ve Supply Current FB = High, ON = High, TIMER = Low ° 1 15 mA
Viko Internal Vo Undervoltage Lockout Ve Low-to-High Transition ® | 213 2.3 247 V
Vikonst | Voo Undervoltage Lockout Hysteresis 120 mV

4211fc
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LTCA4211

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

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

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
lINFB FB Input Current Vg = Vg or GND +1 10 pA
linon ON Input Current Von = Ve or GND +1 +10 pA
ILEAK RESET, FAULT Leakage Current VRESET = ViAo = 15V, Pull-Down Device Off ° +0.1 +2.5 LA
lINSENSE SENSE Input Current Vsense = Vg or GND +1 +10 pA
Vea(rast) | SENSE Trip Voltage (Ve — Vsense) Fast Comparator Trips ) 130 150 170 mV
Vea(sLow) | SENSE Trip Voltage (Ve — Vsense) Slow Comparator Trips ) 40 50 60 mV
IgATEUP GATE Pull-Up Current Charge Pump On, Vgare < 0.2V ® | 125 -10 -7.5 pA
Igatepown | Normal GATE Pull-Down Current ON Low ] 130 200 270 pA
Fast GATE Pull-Down Current m Latched and Circuit Breaker Tripped or in 50 mA
AVgate External N-Channel Gate Drive Vate = Vee (For Vg = 2.5V) ° 2.5 8 V
Vgate — Vee (For Vg =2.7V) ® 45 8 v
VGATE Ve (For Vg = 3.3V) o 5.0 10 Vv
GATE VCC (For Vgg = 8V) (] 10 16 V
Vigate — Vee (For Vo = 12V) L] 10 18 v
Vgate — Vg (For Vgg = 15V) o 8 18 Vv
VeaTEOV GATE Overvoltage Lockout Threshold ® | 0.08 0.2 0.3 v
Vi FB Voltage Threshold FB High to Low e | 1223 1.236 1.248 V
AVrg FB Threshold Line Regulation 2.5V <V £16.5V ) 0.5 5 mV
VEBHST FB Voltage Threshold Hysteresis 3 mV
VonHI ON Threshold High e | 123 1.316 1.39 Vv
VonLo ON Threshold Low e | 120 1.236 1.26 Vv
VonHsT ON Hysteresis 80 mV
IFILTER FILTER Current During Slow Fault Condition e -25 -2 -15 HA
During Normal and Reset Conditions ° 7 10 13 pA
VEILTER FILTER Threshold Latched Off Threshold, FILTER Low to High e | 120 1.236 1.26 Vv
VEterusT | FILTER Threshold Hysteresis 80 mV
IR TIMER Current Timer On, Vimer = 1V ([ ] -25 -2 -15 HA
Timer Off, TIMER = 1.5V 3 mA
VimR TIMER Threshold TIMER Low to High e | 120 1.236 1.26 Vv
TIMER High to Low ® | 015 0.200 0.40 Vv
Ve FAULT Threshold Latched Off Threshold, FAULT High to Low e | 120 1.236 1.26 Vv
Veumhst | FAULT Threshold Hysteresis 50 mv
Voraorr | Output Low Voltage IFauTE = 1.6mA ] 0.14 0.4 Vv
Vorgeser | Output Low Voltage IrEseT = 1.6mA o 0.14 0.4 Vv
tFAUTTFG FAST COMP Trip to GATE Discharging Vg = 0mV to 200mV Step ° 300 700 ns
tFAUTTSC SLOW COMP Trip to GATE Discharging Vg = 0mV to 100mV Step, ° 10 20 30 Hs

8-Pin Version or FILTER Floating
Vg = 0mV to 100mV Step, ° 4 6 8 ms

10nF at FILTER Pin to GND

texreaorr | FAULT Low to GATE Discharging VEaurr = 5V to OV ] 1 3 Hs
trLTER FILTER High to FAULT Latched VELTer = 0V to 5V ® 2 45 ps

4211fc
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LTCA4211

ELGCTB'CHL CHHBHCTGRISTICS The @ denotes the specifications which apply over the full operating

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

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tRESET Circuit Breaker Reset Delay Time ON Low to FAULT High o 150 250 Hs
torr Turn-Off Time ON Low to GATE Off 8 us

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: All current into device pins are positive; all current out of device

Note 3: An internal Zener at the GATE pin clamps the charge pump voltage
to a typical maximum operating voltage of 26V. External voltage applied to
the GATE pin beyond the internal Zener voltage may damage the part. If a

lower GATE pin voltage is desired, use an external Zener diode. The GATE

pins are negative; all voltages are referenced to ground unless otherwise

specified.

capacitance must be <0.15pF at maximum V.

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Supply Voltage
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LTCA4211

TYPICAL PERFORMANCE CHARACTERISTICS

GATE Voltage vs Temperature
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Vigare = Vee vs Supply Voltage
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Fast GATE Pull-Down Current
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LTCA4211

TYPICAL PERFORMANCE CHARACTERISTICS

Feedback Threshold
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LTCA4211

TYPICAL PERFORMANCE CHARACTERISTICS
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LTCA4211

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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4211 G54
4211653

Pln FUﬂCTIOﬂS (8-Lead Package/10-Lead Package)

RESET (Pin 1/Pin 1): An open-drain output that pulls to
GND if the voltage at the FB pin (Pin 5/Pin 6) falls below
the FB pin threshold (1.236V). During the start-up cycle,
the RESET pin goes high impedance at the end of the
second timing cycle after the FB pin goes above the FB
threshold. This pin requires an external pull-up resistor
to Vge. If an undervoltage lockout condition occurs, the
RESET pin pulls low independently of the FB pin to prevent
false glitches.

ON (Pin 2/Pin 2): An active high signal used to enable or
disable LTC4211 operation. COMP1’s high-to-low thresh-
old is set at 1.236V and its hysteresis is set at 80mV. If a
logic high signal is applied to the ON pin (Vgy > 1.316V),
the first timing cycle begins if an overvoltage condition
does not exist on the GATE pin (Pin 6/Pin 7). If a logic
low signal is applied to the ON pin (Vgy < 1.236V), the
GATE pin is pulled low by an internal 200pA current sink.
The ON pin can also be used to reset the electronic circuit
breaker. Ifthe ON pinis cycled low and then high following
a circuit breaker trip, the internal circuit breaker is reset,
and the LTC4211 begins a new start-up cycle.

TIMER (Pin 3/Pin 4): A capacitor connected from this pin
to GND setsthe LTC4211’s systemtiming. The LTC4211’s
initial and second start-up timing cycles and its internal
“power good” delay time are defined by this capacitor.

GND (Pin 4/Pin 5): Device Ground Connection. Connect
this pin to the system’s analog ground plane.

FB (Pin 5/Pin 6): The FB (Feedback) pin is an input to the
COMP2 comparatorand monitors the output supply voltage
through an external resistive divider. If Vrg < 1.236V, the
RESET pin pulls low. An internal glitch filter at COMP2’s
output helps prevent negative voltage transients from
triggering a reset condition. If Vgg > 1.239V, the RESET
pin goes high at the end of the second timing cycle.

GATE (Pin 6/Pin 7): 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 volt-
age drive to the external FET for supply voltages from
2.5V to 16.5V. The internal charge-pump and zener

4211fc
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Plﬂ FUﬂCTIOﬂS (8-Lead Package/10-Lead Package)

clamps at the GATE pin determine the gate drive voltage
(AVgate = Vgate — Veg)- The charge pump produces a
minimum 4.5V of AVgarg for supplies in the range of 2.7V
<V <4.75V. For4.75V < Vg < 12V the AVgatg s limited
by zener clamp Z1 connected between the GATE and Vg
pins. The AVgar is typically at 12V and with guaranteed
minimum value of 10V. For Vg > 12V, the Zener clamp
Z2 begins to set the limitation for AVgare. Z2 clamps the
gate voltage to ground to 26V typically. The minimum Z2’s
clamp voltage is 23V. This effectively sets AVgare to 8V
minimum at Vg = 15V.

SENSE (Pin 7/Pin 8): Circuit Breaker Set Pin. With a sense
resistor placed in the power path between Vg and SENSE,
the LTC4211’s electronic circuit breaker trips if the voltage
across the sense resistor exceeds the thresholds set inter-
nally forthe SLOW COMP and the FAST COMP as shown in
the Block Diagram. The threshold for the SLOW COMP is
Ve(sLow) =20mV, and the electronic circuit breaker trips
if the voltage across the sense resistor exceeds 50mV for
20ps. The SLOW COMP delay is fixed in the S8/MS8 ver-
sion and adjustable in the MS version of the LTC4211. To
adjustthe SLOW COMP’s delay, please refer to the section
on Adjusting SLOW COMP’s Response Time.

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) = 150mV, and the circuit breaker trips if the
voltage across the sense resistor exceeds 150mV for
more than 300ns. The FAST COMP’s delay is fixed in the
LTC4211 and cannot be adjusted. To disable the electronic
circuit breaker, connect the Vg and SENSE pins together.

Ve (Pin 8/Pin 9): This is the positive supply input to
the LTC4211. The LTC4211 operates from 2.5V < Vg <
16.5V, and the supply currentis typically ImA. Aninternal
undervoltage lockout circuit disables the device until the
voltage at Vg exceeds 2.3V.

FAULT (Not available on S8/MS8, Pin 10 MS): FAULT is
both an input and an output. Connected to this pin are
an analog comparator (COMP6) and an open-drain N-
channel FET. During normal operation, if COMP6 is driven
below 1.236V, the electronic circuit breaker trips and the
GATE pin pulls low. Typically, a 10k pull-up resistor con-
nects to the FAULT pin. This pull-up is required to allow
the LTC4211 to begin a second timing cycle (Vg >
1.286) and start-up properly. This also allows the use of
the FAULT pin as a status output. Under normal operating
conditions, the FAULT output is a logic high. Two condi-
tions cause an active low on FAULT: (1) the LTC4211’s
electronic circuit breaker trips because of an output short
circuit causing a fast output overcurrent transient (FAST
COMP trips circuit breaker); or (2) Vriter > 1.236V. The
FAULT output is driven to logic low and is latched logic
low until the ON pin is driven to logic low for 150ps (the
treseT duration).

FILTER (Not available S8/MS8, Pin 3 MS): Overcurrent
Fault Timing Pin and Overvoltage Fault Set pin. With a
capacitor connected from this pin to ground, the SLOW
COMP’s response time can be adjusted. In the S8/MS8
version of the LTC4211, the FILTER pin is not available
and the delay time from overcurrent detect to GATE OFF
is fixed at 20ps.

4211fc
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BLOCK DIRGRAM

Ve | 8(9) SENSE | 7 (8) GATE | 6 (7)
e Az
V7 (TYP) = 12V + i Vz (TYP) = 26V
Voo =
) 0.2v 10pA CEG\G(;E
T ) 50my T ) 150mv :
HTIMER J _E RESET
+ - + - ) |
y
Vee sLow FAST M3 e |— —| 14 M1
0.2V — + COMP COMP ﬂ &
2UA COMP3 = | 200pA 10pA =
I_ GLITCH FILTER 300ns cB START-UP
TIMER r |_ (SEE NOTE 1) DELAY TRIPS CURRENT GATE
| ORUVLO |ONLOW  REGULATOR | CHARGING
3(4) | |
M6 |—
+ _—
= COMP4 POWER BAD
VRer —]—
Vee NORMAL LOGIG VRer
2uA
e ol FAULT FAULT
I CB TRIPS (0
FILTER MS ONLY
@) L [ | M2
MS ONLY M4 GLITCH FILTER GF%%%%TOEE =
Vrer 150us OVERDRIVE GND
10pA NORMAL, RESET YreE ] BG L 46
= 0.2V —} -
COMP1 COMP2 VRer = 1.236V
— + — +
VRer VRer
NOTE 1: SET BY FILTER CAPACITOR FOR MS 2| ON 5(6) | FB e
20ps DEFAULT FOR MS8, S8
PIN NUMBERS FOR S8/MS8 (MS)
4211fc
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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
damage to the connector pins as well as cause glitches
on the system supply, causing other boards in the system
to reset.

The LTC4211 is designed to turn a printed circuit board’s
supply voltages ON and OFF in a controlled manner, al-
lowing the circuit board to be safely inserted or removed
from a live backplane. The device provides a system reset
signaltoindicate when board supply voltage drops belowa
predetermined level, as wellasadual function fault monitor.

OUTPUT VOLTAGE MONITOR

The LTC4211 usesa 1.236V bandgap reference, precision
voltage comparator and an external resistive divider to
monitor the output supply voltage as shown in Figure 1.

The operation of the supply monitor in normal mode is
illustrated in Figure 2. When the voltage at the FB pin
drops below its reset threshold (1.236V), the comparator
COMP2 output goes high. After a glitch filter delay, RESET

BACKPLANE  PCB EDGE
CONNECTOR CONNECTOR
(FEMALE)  (MALE)

is pulled low (Time Point 1). When the voltage at the FB
pin rises above its reset threshold (1.239V), COMP2’s
output goes low and a timing cycle starts (Time Point 4).
After a complete timing cycle, RESET is pulled high by
the external pull-up resistor. If the FB pin rises above the
reset threshold for less than a timing cycle, the RESET

output remains low (Time Points 2 to 3).

As shown in Figure 5, the LTC4211’s RESET pin is logic
low during any undervoltage lockout condition and during
the initial insertion of a PC board. Under normal opera-
tion, RESET goes to logic high at the end of the soft-start
cycle only after the FB pin voltage rises above its reset
threshold of 1.239V.

1 2 3 4
Vi V2 Vi V2 /
Vout \ / \ /
1.236V
TIMER
‘ I
meser ] ~
|

>
POWER GOOD
DELAY 4211 F02

Figure 2. Supply Monitor Waveforms in Normal Mode

Rsense

LONG a1
Voo — ] [ ] by 1 1o
+
CLoap
ﬁ r s T
LTC4211 Voo  SENSE  GATE 3
|5 > 10k
ON/RESET ——j— SHORT 2 JON LOGIC compzﬂ' %R2
- : =
uP
1.236V RESET | 1
TIMER REFERENCE N RESET
—— |G
TIMER i ge)
3 4
—
__I___ TIMER 1 4211 FO1
D —] LONG = =

Figure 1. Supply Voltage Monitor Block Diagram
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OPERATION

UNDERVOLTAGE LOCKOUT

The LTC4211’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 2.18V, the LTC4211 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 2.3V and the ON pin goes high.

In addition, users can utilize the ON comparator (COMP1)
or the FAULT comparator (COMPG6) to effectively program
a higher undervoltage lockout level. Figure 3 shows how
the external resistive 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 resistive divider sets the circuit to turn on when Ve
reaches around 79% of its final value. If a different turn on
Ve voltage is desired change the resistive divider values
accordingly. Alternatively, the FAULT comparator can be
used to configure the external undervoltage lockout level.
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 input voltage drops below the set level
in normal operating mode, the user must cycle the ON pin
or Vg to restart the system.

Vin Vi Vi
3.3V 5V 12V
R1 R1 R1
10k 20k 61.9k
ONPIN ONPIN ONPIN
R2 R2 R2
10k 10k 10k
= — = 4211f03
(@) 3.3VIN (b) 5ViN () 12Vy

Figure 3. ON Pin Sets the Undervoltage
Lockout Voltage Externally

GLITCH FILTER FOR RESET

The LTC4211 has aglitch filter to prevent transients on the
FB pin from generating a system reset. The relationship
between glitch filter time and the FB transient voltage is
shown in Figure 4.

250

200 \
150

GLITCH FILTER TIME (ps)

—_
o
o

/,

()
o

T~

0
0 20 40 60 80 100 120 140 160 180 200
FB TRANSIENT (mV)

4211 Fo4

Figure 4. FB Comparator Glitch Filter Time
vs Feedback Transient Voltage

SYSTEM TIMING

System timing for the LTC4211 is generated at the TIMER
pin (see the Block Diagram). If the LTC4211’s internal
timing circuit is 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 Ctyer at a rate given by Equation 1:

2UA
! (1)
TIMER

When the TIMER pin voltage reaches COMP4’s threshold
of 1.236V, the TIMER pin s reset to GND. Equation 2 gives
an expression for the timer period:

Ctimer Charge-Up Rate =

C
tT||\/|ER =1236V‘$ (2)

As a design aid, the LTC4211’s timer period as a function
of the Cyjmer using standard values from 3.3nF to 0.33pF
is shown in Table 1.

4211fc
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OPERATION
Table 1. tyyer VS Cimer The Crivier Vvalue is vital to ensure a proper start-up and
CrmeR P— reliable operation. A system may not start up if a timing
0.0033,F 2. 0ms period is set too short relative to the time needed for the
0.0047yF 20ms output voltage to ramp up from zero to its rated value.
0.0068F 4.2ms Conversely, this timing period should not be too long as
0.00824F 51ms an output short can occur at start-up causing the exter-
0.01)F 6.2ms nal MOSFET to overheat. A good starting point is to set
0.015)F 9.3ms Criver = 10nF and adjust its value accordingly to suit the
0.022yF 13.6ms specific applications.
0.033pF 20.4ms
0.047pF 29.0ms OPERATING SEQUENCE
0.068F 42.0ms
0.082yF 50.7ms Power-Up, Start-Up Check and Plug-In Timing Cycle
0.1pF 61.8ms The sequence of operation for the LTC4211 is illustrated
0.15uF 92.7ms in the timing diagram of Figure 5. When a PC board is
0.22F 136ms inserted into a live backplane, the LTC4211 first performs
0.33yF 204ms
CHECK FOR FILTER LOW (<VRgr — 80mV)
CHECK FOR FAULT HIGH (>VRgF + 50mV)
FAST COMPARATOR ARMED ON GOES LOW
CHECK FOR GATE < 0.2V SLOW COMPARATOR ARMED RESET PULLED LOW DUE TO POWER BAD
12 3 45 6 7 8 9 1%J

Vee

ON

VTMR = VREF
TIMER /
2uA / 2uA

GATE y/ 200pA

/
o N
Vout (VrB > VREF) \(VFB < Vrer)

4211 F05

‘A

PLUG-IN CYCLE SOFT-START CYCLE
FIRST TIMING CYCLE SECOND TIMING CYCLE

Figure 5. Normal Power-Up Sequence
4211fc
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OPERATION

a start-up check to make sure the supply voltage is above
its 2.3V UVLO threshold (see Time Point 1). If the input
supply voltage is valid, the gate of the external pass tran-
sistor is pulled to ground by the internal 200pA current
source connected at the GATE pin. The TIMER pin is held
low by an internal N-channel pull-down transistor (see
M6, LTC4211 Block Diagram) and the FILTER pin voltage
is pulled to ground by an internal 10pA current source.

Once Vgc and ON (the ON pin is >1.316) are valid, the
LTC4211 checks to make sure that GATE is OFF (VgartE <
0.2V) at Time Point 2. Aninternal timing circuit is enabled
andthe TIMER pinvoltage ramps up at the rate described by
Equation 1. At Time Point 3 (the timing period programmed
by Ctiver), the TIMER pin voltage equals Vg (1.236V).
Next, the TIMER pin voltage ramps down to Time Point 4
where the LTC4211 performs two checks: (1) FILTER pin
voltage is low (Ve 7er < 1.156V) and (2) FAULT pin volt-
age is high (Veagrs > 1.286V). If both conditions are met,
the LTC4211 begins a second timing (soft-start) cycle.

Second Timing (Soft-Start) Cycle

Atthe beginning of the second timing cycle (Time Point 5),
the LTC4211’s FAST COMP is armed and aninternal 10pA
current source working with an internal charge pump
provides the gate drive to the external pass transistor. The
LTC4211 automatically limits the inrush current in one of
two ways: by controlling the GATE pin voltage slew rate
or by actively limiting the inrush current. If GATE voltage
slew rate control is preferred, an external capacitor Cgare
can be used from GATE to ground, as shown in Figure 6.

RsensE M1
0.007Q Si4410DY Vour

Vin - - - 5V
5V Lwl conrer 5A
I | + |
1 | | ?gk CLoap

Vgg  SENSE GATE
FB

LTC4211 R2

15k

= 4211F06

*VALUES <150nF SUGGESTED Vgate SLEW RATE CONTROL
**ADDITIONAL DETAILS OMITTED o 10uA
FOR CLARITY GATE _ ( H )
CoaTE

dt

Figure 6. Using an External Capacitor at GATE for
GATE Voltage Slew Rate Control

An expression for the GATE voltage slew rate is given by
Equation 3:
dVgare _ 10pA

(3)
dt  Cgare

Ve Slew Rate,

Adding Cgarg slows the GATE voltage slew rate at the ex-
pense of slower system turn-on and turn-off time. Should
this technique be used, values for Cgare less than 150nF
are recommended.

The inrush current being delivered to the load while
the GATE is ramping is dependent on Cjgap and Cgate.
Equation 4 gives an expression for the inrush current
during the second timing cycle:

dV C
hnrusH = g?TE *CLoap = 10%'% (4)

For example, if Cgate = 3300pF and G gap = 2000ypF, the
inrush current charging Cioap is:

2000pF
0.0033pF

At Time Point 6, the output voltage trips COMP2’s thresh-
old, signaling an output voltage “power good” condition.
At Time Point 7, RESET is asserted high, SLOW COMP is
armed and the LTC4211 enters a fault monitor mode. The
TIMER voltage then ramps down to Time Point 8.

=6.06A ()

nRush = 100A®

Power-0ff Cycle

Asshown at Time Point 9, an external hard reset s initiated
by pulling the ON pin low (Voy < 1.236V). The GATE pin
voltage is ramped to ground by the internal 200pA cur-
rent source, discharging Cgate and turning off the pass
transistor. As C| gap discharges, the output voltage crosses
COMP2’s threshold, signaling a “power bad” condition at
Time Point 10. At this point, RESET is asserted low.

4211fc
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OPERATION
SOFT-START WITH CURRENT LIMITING

During the second timing cycle, the inrush current was
described by Equation 4. Note that the