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TECHNOLOGY

FEATURES

Allows Safe Board Insertion into Live Backplane
Selectable Current Limit and Dual-Rate Timer
Accommodate Load Surges

Fast Response Limits Peak Fault Current

Wide Operating Voltage Range: 4.5V to 44V
Optional Auto-Retry or Latchoff after

Overcurrent Fault

High Side Drive for External N-Channel MOSFET
Allows Parallel Power Paths for High Current
Applications

Available in 16-Pin QFN (3mm x 3mm) and MSOP
Packages

APPLICATIONS

Apple FireWire/IEEE 1394

Disk Drives

Rugged 12V, 24V Applications

Hot Board/Connector Insertion

Uni/Bidirectional Current Limiter/Circuit Breaker

| t ’\D LTC4226

Wide Operating Runyge
Dudl Hot Swap Controller

DESCRIPTION

The LTC®4226 dual Hot Swap™ controller allows two
power paths to be safely inserted and removed from a
live backplane or powered connector. Using N-channel
pass transistors, supply voltages ranging from 4.5V to
44\ are ramped up at an adjustable rate.

Three selectable ratios of current limit to circuit breaker
threshold accommodate noisy loads and momentary high
peak currents without interruption, while a dual-rate fault
timer protects the MOSFET from extended output over-
current events. FAULT outputs indicate the circuit breaker
status. The LTC4226-1 remains off after a fault while the
LTC4226-2 automatically retries after a 0.5s delay.

The LTC4226 canalso be configured as a bidirectional cur-
rent limiter/circuit breaker. For high current applications,
two channels may be configured as parallel power paths.

ALy, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and Hot
Swap is a trademark of Linear Technology Corporation. All other trademarks are the property of
their respective owners.

TYPICAL APPLICATION
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LTCA4226

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)
VOGN ceererererererereeiere e -0.3Vto 55V  Operating Ambient Temperature Range
SENSEN, ONn, FAULTn, CLS ..o -0.3Vto 55V LTCA226C ..........cocoeeeeeeeeeieeeeeeees 0°C to 70°C
GATEN (NOtE 3) ... -0.3V to 68V LTCA2261 .........oveeeeeeeeeees -40°C to 85°C
OUTN (NOEE 3) oo -0.3Vto 55V  Storage Temperature Range .................. -65°C to 150°C
GATENn — OUTN (Note 3) v -0.3Vto 18V  MSOP Lead Temperature (Soldering, 10 sec)........ 300°C
FTMBN oo -0.3Vto 4V
PIN CONFIGURATION
TOP VIEW
I:_DGJ llLL5J IZL' l;l o
Veer [T ===~ | 12 vec "oN 20 S5 ol
sewser (21} i sewsez SENgEl 4 R 1s shises
GATE1 | 3! | : 110} GATE2 GATE1 50 112 GATE2
ourt [1} |- ] aur ot oE SR
B GND 83 D9 CLS
x2 2 & MS PACKAGE
= o o = 16-LEAD PLASTIC MSOP
[ L Tymax = 125°C, 644 = 120°C/W
UD PACKAGE

16-LEAD (3mm x 3mm) PLASTIC QFN
Tumax = 125°C, 6ya = 68°C/W
EXPOSED PAD (PIN 17), PCB GND CONNECTION OPTIONAL

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC4226CUD-1#PBF LTC4226CUD-1#TRPBF | LFRC 16-Lead (3mm x 3mm) Plastic QFN 0°Cto 70°C
LTC4226CUD-2#PBF LTC4226CUD-2#TRPBF | LFRD 16-Lead (3mm x 3mm) Plastic QFN 0°Cto 70°C
LTC42261UD-1#PBF LTC42261UD-1#TRPBF | LFRC 16-Lead (3mm x 3mm) Plastic QFN -40°C to 85°C
LTC42261UD-2#PBF LTC42261UD-2#TRPBF | LFRD 16-Lead (3mm x 3mm) Plastic QFN -40°C to 85°C
LTC4226CMS-1#PBF LTC4226CMS-1#TRPBF | 42261 16-Lead Plastic MSOP 0°Cto 70°C
LTC4226CMS-2#PBF LTC4226CMS-2#TRPBF | 42262 16-Lead Plastic MSOP 0°C to 70°C
LTC42261MS-1#PBF LTC4226IMS-1#TRPBF | 42261 16-Lead Plastic MSOP -40°C to 85°C
LTC4226IMS-2#PBF LTC4226IMS-2#TRPBF | 42262 16-Lead Plastic MSOP -40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

Consult LTC Marketing for information on nonstandard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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LTCA4226

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

temperature range, otherwise specifications are at Ty = 25°C, Vgg = 12V.

SYMBOL | PARAMETER | CONDITIONS MIN  TYP  MAX [UNITS
Supplies
Veen Input Supply Range ®| 45 44 v
lcen Input Supply Current Vg = 12V ) 0.7 2 mA
Veenuvy | Input Supply Undervoltage Lockout Ve Rising ° 3 3.7 45 v
AVeen(Hys) | Input Supply Undervoltage Lockout Hysteresis 200 mV
Circuit Breaker and Current Limit
VeB Circuit Breaker Threshold (Voo — SENSE) ®| 45 50 55 mV
Channel-to-Channel Vg Mismatch o +6 %
Viumir Current Limit Voltage (Vgc — SENSE), CLS = 0V e 70 86 103 mV
(Voo — SENSE), CLS = Qpen e 93 115 136 mV
(Voo — SENSE), CLS = 3V e 139 173 205 mV
Channel-to-Channel Vit Mismatch o +6 %
ISENSE Sense Pin Input Current (Voo — SENSE = 0V) o 40 200 HA
Gate Drive
AVgate External N-Channel Gate Drive (GATE - OUT) | Igate = OpA, —=1pA; Voo > 6V e 10 12 16 v
Igate = OpA, =1pA; Voo < 6Y ® 8 12 16 v
lgaeup) | Gate Pull-Up Current GATE=0UT =1V e -5 -9 -13 HA
lgateon) | Gate Pull-Down Current GATE =12V, 0UT =0V, ON = OV _ ° 1 3 5 mA
GATE=0UT =Vgg=12V,0N=0Vor FAULT=0V | ® | 50 150 300 HA
GATE = 5V, OUT = 0V, ON = 3V, Severe Fault e | 100 200 1000 mA
Comparator Inputs
Von ON Pin Threshold Voltage Von Rising e 117 1.24 1.3 V
AVongryst) | ON Pin Hysteresis Voltage 50 mV
lon ON Pin Input Current Von=1.2V ® 0 +1 HA
Fault Timer
lFrmr(ce) | FTMR Pin Pull-Up Current (Gircuit Breaker) Vermg = 0V, Gircuit Breaker Fault o 14 -2 -2.6 HA
lrrvrcy) | FTMR Pin Pull-Up Current (Current Limit) Vermr = 0V, Current Limit Engaged, CLS = 0V e | -14 -20 -26 HA
Vervg = 0V, Current Limit Engaged, CLS=0Open | @ | 25 -36 -46 HA
Virmg = 0V, Current Limit Engaged, CLS = 3V ® | -56 -80 -104 HA
lrrwroer) | FTMR Pin Pull-Down Current (Default) Verwg = 1V, Default o 14 2 2.6 HA
lFrmR(RsT) | FTMR Pin Pull-Down Current (Reset) Vervr = 1V, Reset ) 70 100 130 HA
VFTMR(H) FTMR Pin Threshold Voltage (Trip) e | 1.17 1.23 1.3 v
VETMR(L) FTMR Pin Threshold Voltage (Reset) [ 0.1 0.2 v
Fault1/0
Vo FAULT Pin Low Output Voltage Gircuit Breaker Fault, Igggrr = 2mA o 0.2 04 V
lioL) FAULT Pin Low Output Pull-Down Current Circuit Breaker Fault, Veagry = 5V, Voo = 12V o 2 5 10 mA
VErom FAULT Pin Input Threshold Voltage No Internal Fault, External Input e | 03 0.5 0.8 v
|(oH) FAULT Pin Pull-Up Current No Internal Fault, Veagrs = 2V o -5 -10 -20 HA
V(om) FAULT Pin High Output Voltage No Internal Fault, Igagrs = OpA, Vg = 12V o 2 3.8 5 v
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GLGCT“'C“L CHHRHCTGBBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C, Vg = 12V.

SYMBOL | PARAMETER | CONDITIONS MIN  TYP  MAX [UNITS
Three-State Input
VeLs( CLS Pin Low Threshold Voltage ) 04 V
VoLs(H) CLS Pin High Threshold Voltage ) 2 V
Vs CLS Pin Voltage in Open State 1.38 v
leLsz) Allowable CLS Pin Leakage in Open State ® +2 HA
loLs(L) CLS Pin Low Input Current ) -2 -4 -8 HA
loLs(h) CLS Pin High Input Current ) 2 4 8 HA
Timing Delay
torr(sense) | Severe Overcurrent Fault to GATE Low Cgare = 1nF, (Voo — SENSE = 4V) o 0.1 1 Hs
torr(FAULT) FAULT Input Low to GATE Low Cgate = 1nF [ ) 30 Hs
torr(emTR) | FTMR High to GATE Low Cgare = 1nF () 7 30 us
torr(on) ON Low to GATE Low Cgare = 1nF ® 25 60 Hs
torruvLo) | Vec Enters Undervoltage to GATE Low Cgare = 1nF [ 25 60 HS
ton(on) ON High to GATE High Ve Above Undervoltage ) 5 10 20 ms
Channel-to-Channel ton ony Mismatch o +10 %
tonqvL) Ve Exits Undervoltage to GATE High ON High ®| 25 50 100 ms
Channel-to-Channel toyyyL) Mismatch ® +10 %
tocoor) Auto-Retry Delay LTC4226-2 Only ® | 025 0.5 1 S

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 3: Limits on maximum rating is defined as whichever limit occurs
first. Internal clamps limit the GATE pin to a minimum of 12V above OUT, a
diode voltage drop below OUT, or a diode voltage drop below GND. Driving

the GATE to OUT pin voltage beyond the clamp may damage the device.

Note 2: All currents into pins are positive, all voltages are referenced to

GND unless o

therwise specified.

4226f

LY N



LTCA4226

T'I'PICHL PEBFOﬂmm\CE CHHRHCTGGISTICS Ta =25°C, Vg = 12V, unless otherwise noted.
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TVPIC“L PGBFOﬂmﬁnCG CHHBHCTERISTICS Ta =25°C, Vo = 12V, unless otherwise noted.
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LTCA4226

PIN FUNCTIONS

CLS: Three-State Current Limit Select Input. Tying this pin
low enables 1.5x current limit; opening this pin enables 2x
current limitand tying this pin high (above 2V) enables 3x
currentlimit. Ahigher currentlimit selection permits larger
currenttransients to pass withoutinvoking currentlimiting.
The CLS pin permits dynamic current limit selection. The
three input states configure the preset current limit volt-
age Vw7 to approximately 1.5x, 2x or 3x of 1.15 ¢ Vp.

Exposed Pad: The exposed pad may be left open or con-
nected to device ground.

FAULT1, FAULT2: FAULT Input/Output Status. When the
FTMR pin has reached the Verwry) threshold, the fault
status is set active and the FAULT pin output pulls low.
When fault is inactive, a 10pA current source pulls this
pin up to a diode below its internal supply voltage. Pulling
the FAULT pin low turns off the external MOSFET without
affecting the FTMR pin status. The FAULT pinis not latched.

FTMR1, FTMR2: Fault Timer. A capacitor sets the dual-
rate fault timer durations: circuit breaker CB timeout and
current limit CL timeout. The FTMR pin pulls up with
IFrvr(cB) When the sense resistor voltage is between Vg
and Vi juit. The FTMR pin pulls up with |FH\/|R(CL) when
the sense resistor voltage is at or above V1. FTMR
pulls low with lervr(per) When the sense resistor volt-
age falls below Vgg. When the FTMR voltage reaches the
VervrH) threshold, the fault status is activated. To reset
FTMR, the ON pin can be pulled low or the correspond-
ing supply voltage can be pulled below the undervoltage
lockout threshold. The capacitor on the FTMR pinis pulled
to GND with |rryr(rsT) to clear the fault status. For the
LTC4226-1 latchoff option, the MOSFET remains off until
faults are cleared by cycling the ON pin or by an under-
voltage condition on the corresponding supply. For the
LTG4226-2 auto-retry option, after atpcooy) delay, FTMR
is reset, the fault status is cleared, and the GATE begins
to ramp up. The LTC4226-2 can be forced to restart by
cycling the ON pin or by an undervoltage condition on the
corresponding supply.

GATE1, GATE2: Gate Drive for External MOSFET. The gate
driver controls the external N-channel MOSFET switch
by applying a voltage across the GATE and OUT pins
which connect to the MOSFET gate and source pins. A
charge pump sources 9pA at the GATE pin to turn on the
external MOSFET. When the MOSFET is on, the GATE pin
voltage is clamped at AVgarg above the OUT pin. During
turn-off, the GATE pin is discharged by a 3mA pull-down
with about 2.85mA of current flowing to the OUT pin. In
a severe fault, the GATE pin is discharged to the OUT pin
with @ minimum of 100mA. When the MOSFET is off,
the GATE pin is pulled towards ground with 150pA and
a voltage clamps limits the GATE voltage to a diode drop
below the OUT pin.

GND: Device ground

ON1, ON2: ON Control Inputs. The ON pins have a 1.23V
threshold with 50mV of hysteresis. A high input turns on
the external MOSFET with a 10ms delay. A low input turns
off the external MOSFET and resets circuit breaker faults.

0UT1, OUT2: Gate Drive Return. Connect this pin to the
source of the external N-channel MOSFET switch. This pin
provides a return for the gate pull-down circuit. When the
GATE pin is below the OUT pin, the internal clamp diode
draws current from this OUT pin.

SENSE1, SENSE2: Current Sense Negative Input. The
circuit breaker comparator and the current limit amplifier
monitor the voltage across the sense resistor. The current
limiting amplifier controls the GATE of the external MOSFET
to keep the sense resistor voltage at V1. The current
limit is set higher than the circuit breaker to accommodate
noisy loads that momentarily exceed the circuit breaker
comparator threshold.

Veet, Veee: Supply Voltage and Current Sense Positive
Input. An undervoltage lockout circuit disables the MOS-
FET switch until V¢ is above the lockout voltage Voo
for 50ms.
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FUNCTIONAL BLOCK DIRGRAM
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OPERATION

The LTG4226 controlstwo independent Hot Swap channels.
It is designed to turn each supply voltage on and off in a
controlled manner, allowing live insertion into a powered
connector or backplane.

The LTC4226 powers-up the output of a channel when that
channel’s Vg pin has remained above the 3.7V undervolt-
age lockout threshold Vggyy) for more than 50ms and
its ON pin has remained above the Vg threshold for more
than 10ms. During normal operation, acharge pumpturns
on the external N-channel MOSFET providing power to
the load. Each channel’s charge pump derives its power
from its own Vg supply pin. To protect the MOSFET, the
GATE voltage is clamped at about 12V above the OUT pin.
It is also clamped a diode voltage below the OUT pin and
a diode voltage below GND.

The current flowing through the MOSFET is measured by
the external sense resistor. The sense voltage across the
sense resistor is measured between the Ve and SENSE
pins. The LTC4226 has a circuit breaker (CB) comparator
to detect the sense current above circuit breaker thresh-
old and a current limit (CL) amplifier to actively clamp
the sense current at the current limit threshold. Both the
CB comparator and the CL amplifier monitor the sense
resistor voltage between the Ve and SENSE pins. When
the sense voltage exceeds Vg but is below VT, the
CB comparator enables a 2uA |rryr(c) current source
that ramps up the voltage on the FTMR pin. If the sense
resistor voltage exceeds Viwt, the CL amplifier limits
the current in the MOSFET by reducing the GATE-to-OUT
voltage with an active control loop. The fast response CL
amplifier can quickly gain control of the GATE-to-OUT
voltage in the event of an OUT-to-GND short circuit. The
FTMR pin is ramped up by the larger lrmp(cL) current
source during active current limiting. If the sense voltage
falls below Vg, the FTMR is ramped down by the default
21A Iermr(per) pull-down current,

A fault timeout occurs when an overcurrent condition
persists above Vg that causes the FTMR pin to ramp to
the Vermpny threshold. When this occurs, the MOSFET
is turned off and the FAULT pin asserts low. The FTMR
has two timeout durations: a longer circuit breaker (CB)
timeout with a lower current |ryr(cs) ramp up when the

current limit is not activated and a shorter current limit
(CL) timeout with a higher current lermp(cL) ramp up if
current limit is active. The CLS input state sets the higher
current Iermr(cr) at 20pA when GLS = 0V; 36pA when
CLS = open; 80pA when CLS > 2V.

During current limit, the sense voltage is at V7. There
can be significant MOSFET power dissipation while in cur-
rent limit due to the substantial drain-to-source voltage.
The GL timeout duration should be selected based on the
external MOSFET safe-operating-area to prevent MOSFET
damage. The CL timeout is set by the FTMR capacitor Ct
andthe lrryr(cL) Pull-up tothe Veryrw) threshold. Setting
the current limit higher than the circuit breaker threshold
allows momentary current load spikes as long as the
average current remains below the circuit breaker limit.

Both channels share a common current limit select, CLS
pin. This pin has three input states: low, open and high.
The three input states configure the preset current limit
Vit to approximately 1.5x, 2x or 3x of 1.15 ¢ Vp.

After a fault timeout, the auto-retry (LTC4266-2) version
waits 0.5 seconds before resetting FTMR. After the FTMR
capacitor is discharged, the GATE pin is free to ramp up
again after the FAULT pin resets high. For the latchoff
(LTC4266-1) version, thereis no 0.5 second restart delay.
For both versions, FTMR can be reset by cycling the ON
pin low and then high or by cycling Vg below and then
above UVLO.

The FAULT pin pulls low when active with a 5mA current
limit. The pin can drive a low-current 2mA LED with a
series resistor connected to Vgg. The FAULT pin has an
internal 10pA pull-up current to a diode below its internal
Ve when signaling no fault. Pulling the FAULT pin below
the VeagrT threshold causes the external MOSFET to turn
off without affecting FTMR status. The FAULT pin can be
wire-OR’ed with other open-drain outputs.

The output voltage of the Hot Swap circuit is ramped
down when the ON pin transitions low or Vg falls below
the 3.7V undervoltage lockout. The gate driver discharges
the GATE pin with 3mA (including 2.85mA to the OUT pin)
when GATE > OUT and 150pA to GND when GATE < OUT.
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APPLICATIONS INFORMATION

The typical LTC4226 application is in high availability
systems that distribute positive voltage supplies between
4.5V to 44V to hot-swappable ports or cards. It can also
be used in daisy chain port applications like FireWire to
provide instant current limit.

The basic two channel applications are shown in Figure 1
and Figure 2. Figure 1 shows the LTC4226 in a card resident
application with an upstream connector. Figure 2 shows the
LTC4226 onabackplane or motherboard witha downstream
connector. Each Hot Swap channel has a power path con-
trolled by an external MOSFET switch and a sense resistor
for monitoring current.

Turn-On Sequence

During turn-on, a 9pA current charges the gate of the
MOSFET switch: Q1 for channel 1. The current limit am-
plifier monitors the current in the channel 1 power path
by sensing the voltage across the resistor, Rg.

CONNECTOR CONNECTOR

At start-up, the switch current is typically dominated by
the current charging the load capacitor, C 4. If the sense
voltage reaches VT, the current limitamplifier controls
the gate of the MOSFET in a closed loop. This keeps the
start-up inrush current at the current limit.

Several conditions must be present before the external
MOSFET can be turned on. The fault timer FTMR is reset
by either UVLO or ON low status. The external supply Vg
must exceed its undervoltage lockout level Vegyy) for
more than 50ms. The ON pin must be high for more than
10ms and the FAULT pin must be high before the external
MOSFET turns on with no additional delay.

If the channelis notin UVLO, the ON pin low to high asser-
tion delay is 10ms. The FAULT pin must be high before the
external switch turns on. When the channelis notin UVLO
and the ON pin is high, there is no delay from the FAULT
low to high transition to turn on of the external switch.

2 1 Rs1 FDMSBBSOODC
19V — _ SmQ - OR S|7164DP ;29\2
V .
L L AAA . G 4 o ,-Lz1 +| oLt out
20 %Rz L i SMCJ15A “T> 100uF
ON{ < 100k T470pF = —
GND 4
R6 —
FAULTT 1k -
MV Vooy  SENSE1 GATE1 ouT1
oLs A ONT FTMR1
s FAULTT Lo
10k 33nF
CLS LTC4226-1 GND %I
C3 ERTITELD] c
FAULT2 i
R7 22nF 33nF ~
__ 1k OJ ON2 FTMR2 | T
FAULT2 MN Veco SENSE2 GATE2  QUT2
ON2 — R "
240K %100k T470pF
AN/ 5V
5V —b o EI—< 4.45A
72 Rs2 Q2 ul out
BACKPLANE ~ PLUG-IN iSMCJy\,OA 1omq  FDMS86500DC - 25(2”
CARD OR Si7164DP 1

4226 FO1

Figure 1. 2-Channel Card Resident Controller with Upstream Gonnector
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LTCA4226

APPLICATIONS INFORMATION

CONNECTOR CONNECTOR

CARD

4226 FO3

1 2
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Figure 2. 2-Channel Backplane Resident Controller with Downstream Connector
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Figure 3. 2-Channel Controller with a Common ON/OFF Connection
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4226 F04

Figure 4. 2-Channel Controller with Inrush Current Control but without Connector Enable

Turn-0ff Sequence

The MOSFET switch can be turned off by a variety of con-
ditions. A normal turn-off is initiated by the ON pin going
low. Additionally,acircuit breaker/currentlimittimeout will
cause the MOSFET to turn off, as will Vg dropping below
its undervoltage lockout potential Vg (yyy). Alternatively,
the FAULT pin can be externally pulled low to force the gate
shutdown. Under any of these conditions, the MOSFET is
turned off with a 3mA current pulling down from GATE.
About 2.85mA of that current flows from GATE to OUT
and the remainder flows to GND. When the GATE voltage
is below the OUT pin, the GATE is pulled towards GND by
a 150pA current source.

Inrush Current Control

In most applications, keeping the inrush current at current
limit is an acceptable start-up method if it does not trip the
fault timer FTMR and the MOSFET has an adequate safe
operating margin. To keep the inrush sense resistor voltage
below the circuit breaker threshold voltage Vg, a resistor
Rg and a capacitor Cg can be inserted between the GATE
pinand ground as shown in Figure 4. The capacitor Cg with
a grounded terminal and interconnect inductance can lead
to parasitic MOSFET oscillations. A resistor Rg between
10Q and 10022 is typically adequate to prevent parasitic
oscillation. Rg also allows Cg to act as a charge reservoir

during current limit while preserving the fast pull-down
of the gate. The capacitor Cg should be sized to limit the
inrush current below the circuit breaker trip current. For
leaded MOSFET with heatsink, an additional 10 resistor
(as shown with R1 in Figure 13) can be added close to the
MOSFET gate pin to prevent possible parasitic oscillation
due to more trace/wire inductance and capacitance.

The MOSFET isturned on by a9pA current source charging
up the GATE. When the GATE voltage reaches the MOSFET
threshold voltage, the MOSFET turns on and the SOURCE
voltage follows the GATE voltage as itincreases. The GATE
voltage rises with a slope 9pA/Cg and the supply inrush
current is:

(1)

C
NRUSH :§'9UA

Note that the voltage across the MOSFET switch can be
large during inrush current control. If the inrush current s
below the circuit breaker threshold, the fault timer FTMR
is not activated. In some applications like Firewire where
a large supply voltage step up transient can occur, the
current limit amplifier is momentarily activated and the
GATE is partially discharged. Once the switch current falls
below the current limit, the GATE will continue to charge
up at the supply inrush control rate.
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Overcurrent Fault

The LTC4226 manages overcurrent faults by differentiat-
ing between circuit breaker faults and current limit faults.
Typical applications have a load capacitor to filter the load
current. A large load capacitor is an effective filter, but it
canincrease MOSFET switch power dissipation at start-up
or during step up supply transients.

When the MOSFET is fully enhanced and the current is
below the current limit, the MOSFET power dissipation is
low and is determined by the Rpggy and the switch cur-
rent. If the current is above the circuit breaker threshold
but below current limit, the circuit breaker CB comparator
activatesalrrvr(cs) pull-up currentsource at the FTMR pin.

When the channel current exceeds the current limit, the
CL amplifier activates the gate driver pull-downinaclosed
loop manner. The excess GATE overdrive voltage isabruptly
discharged to the OUT pin until the sense voltage between
Ve and SENSE drops below Vi . This brief interval is
kept short by the fast responding amplifier to reduce the
excessive channel current. Next the CL amplifier servos
the GATE pin to maintain the sense voltage at Vit
During this current limit interval, the power dissipation
in the MOSFET increases. The worst case switch power
dissipation occurs during a load short where the current
is set by the current limit with the entire supply voltage
appearing across the MOSFET. During active current limit-
ing, the FTMR pin is pulled up with lrrvr(cL).-

Dual-Rate Fault Timer

The fault timer pin FTMR, as illustrated in Figure 5 timing
waveforms, has a dual-rate fault pull-up that extends the
allowable duration of peak currents that are above the
circuit breaker threshold but below the current limit level.
When the load current exceeds the current limit threshold,
the power dissipation in the MOSFET may be high due
to the potentially large drain-to-source voltage. In this
condition, the FTMR pull-up current increases to reduce
the fault timer duration. When the load current is below
the current limit threshold, the power dissipation in the
MOSFET is less since the MOSFET is fully enhanced and
the drain-to-source voltage is small. Therefore, when the
current is below the current limit threshold but above the
circuit breaker threshold, the FTMR pull-up current is re-

hmp-————=————r——————- —-— -1

lout [~ —

| MOSFET
7 OFF

FTMR |
Vout

L

SEVERE OVERLOAD
SHUTS OFF

4226 F05

MODEST OVERLOAD
IGNORED

Figure 5. Dual-Rate Fault Timing

duced. The MOSFET will turn off in a fault condition where
the average current is above the circuit breaker threshold,
but the dual-rate timer extends the allowable duration for
peak currents that remain below the current limit level.

The FTMR pin has comparators and four current sources
connected to an external capacitor Cy. The four current
sources are: the default pull-down current |eryr(per),
the circuit breaker pull-up current source |rryr(ca). the
higher current limit pull-up current source Irmp(cL) and
the reset pull-down current source Irryr(rsT)- When the
FTMR pin voltage exceeds the Vemvgre) threshold, the
FTMR comparator signals a fault timeout.

The FTMR pinis held lowin default normal mode whenever
the circuit breaker comparator, the current limit amplifier
and the reset are all inactive. The default mode has the
lFrvr(oer) Pull-down current source activated. When the
sensevoltage exceeds the circuit breakerthreshold Vg but
is below Vi jwiT, the circuit breaker comparator enables the
IFrmr(ce) pull-up currentsource and disables the lrryr per)
currentsource. Whenthe sense voltage reaches the Vi it
threshold, the current limit amplifier activates the higher
lFrMR(cL) Pull-up current source.

When the FTMR pin ramps up to Veryg), the FTMR(H)
comparator trips. The FAULT pin is asserted low and the
GATE to OUT voltage is discharged to turn off the MOSFET.
For the Auto-Retry option, the Auto-Retry internal timing
is initiated. The FTMR pin is asserted high at VeryrH)
until the FTMR(L) comparator is reset low at VermpyL) by
the lrrvr(rsT) Pull-down source, which is activated by ON
low or UVLO or at the end of the Auto-Retry interval of
typically 0.5s. The FAULT pin goes high when the FTMR

4226f
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pin is pulled below Veryr()- The GATE to OUT voltage
can ramp up for Auto-Retry mode if the ON pin is high
and Vg is not in UVLO.

When the MOSFET current exceeds the circuit breaker
threshold but remains below the current limit the fault
time is given by:

1.23V
lFrmR(cB)

(2)

tCB :CT hd

When the current limit is active the fault time is given by:
1.23V
| ®)
FTMR(CL)

T =Cr e

During active current limiting, a large MOSFET drain to
source voltage can appear, and ty ;T should be selected
appropriately based onthe worst MOSFET safe-operating-
area with the OUT pin shorted to ground.

A lermr(rsT) pull-down source is active when resetting
the fault status. The current sources at the FTMR pin can
be overdriven externally. The FTMR pin can be pulled high
externally above VeryrH) to force afault status or the FTMR
pin can be pulled low externally towards ground to force
a reset status. Both the FAULT and GATE pins behave the
same way for externally driven FTMR as described above
for internal mode. A prolonged external pull-down is not
recommended as it may mask normal FTMR operation.

Selecting Current Limit to Circuit Breaker Ratio

The ratio of the current limit voltage Vit and circuit
breaker voltage Vg can be configured to allow low duty
cycle, high crest factor load events like hard drive spin
up to operate above the maximum average load current
withoutinvoking currentlimit. Avoiding currentlimit events
is a good practice as the load voltage is not glitched un-
necessarily by the current limit amplifier and the MOSFET
power dissipation is kept low. The unlatched CLS pin has
three input states (low, open and high). This pin config-
ures both Hot Swap channels simultaneously the preset
current limit voltage Vw7 to approximately 1.5x, 2x or
3x of 1.15 » Vg. However, higher current limit settings
will result in higher MOSFET power dissipation in the

event of a load short. Proper choice of the MOSFET must
accommodate high MOSFET power dissipation under the
worst case short-circuit. There are three Irryr(cL), €ach
corresponds with a V7 selected by the GLS input. The
typical MOSFET SOA (safe operating area) has a constant
P2t characteristic for single narrow (<10ms) pulse dissipa-
tion. Anincrease in current (V) for constant MOSFET
drain/source voltage results in square reductioninallowed
stress duration t 7 (or square increase in leryr(cL))-

The CLS pin is internally pulled to 1.23V. If it is driven
by a three-state output, the maximum allowable open-
circuit leakage is +2pA. The driving output must source
or sink more than 10pA in the high or low state. If the
GLS trace crosses noisy digital signal lines, an RC filter
close to the CLS pin will filter noise pickup (as shown in
Figure 1: R5/C3).

Auto-Retry vs Latchoff

The LTC4226-2 (automatic retry) version resets the FTMR
pin after a 0.5 second delay following a FTMR(H) com-
parator timeout if the Vg voltage remains above the 4V
undervoltage lockout threshold Vecyyr) and the ON pin
remains above its 1.23V Vgy threshold. This retry delay
can be terminated to force a 50ms delay restart by cycling
Ve below the Vg yyr) undervoltage threshold ora 10ms
delay restartby cycling the ON pin belowthe Vg threshold.
The latchoff option (LTC4226-1) does not reset FTMR(L)
comparator automatically. It requires voltage cycling at
either the ON pin or the Vg pin to reset FTMR pin.

Resetting Faults

The circuit breaker fault can be reset by cycling the ON pin
below and thenabove the ON comparatorthreshold. There
isaturnondelay of 10ms afterthe ON pin transitions high.

Alternatively, the Ve pin can be cycled below and then
above the undervoltage lockout threshold to reset faults.
There is a turn on delay of 50ms after the Vg pin exits
the undervoltage lockout.

The FTMR pin reset begins with the FTMR pin pulled down
with 100pA to ground. This is followed by a start-up with
a 10pA FAULT pin pull-up and a 9uA GATE pin pull-up.

4226f
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Fault Status

The FAULT status pin is active low with a 10pA current
source pull-up to a diode below its internal supply volt-
age, typically 5V for any Vge >7V. When a fault occurs,
the FAULT pin pulls to ground with a 5mA limit. Although
the FAULT pin has the same voltage rating as the supply
pin, sinking LED current as in Figure 9 requires a series
resistor to reduce pin power dissipation.

The FAULT pin is also an unlatched input to synchronize
the MOSFET GATE. Pulling this pin externally below 0.3V
causes the GATE to shutoff immediately. This pin can
optionally be wire-ORed with other LTC4226's FAULT
pins to turn off their GATES when one of the LTC4226
has a circuit breaker fault with the FTMR pin asserted at
VermRr(H). The other LTC4226's FTMR pin is unaffected by
the low external FAULT input. When the LTC4226 with fault
is reset (see section onauto-retry and resetting faults), the
wire-ORed FAULT pins return high and the GATEs revert
to their prior states. It is not recommended to connect an
LED to wire-ORed FAULT pins.

Daisy Chained Ports

Figure 7, illustrates FireWire power distribution with
LTC4226 Hot Swap circuits and supply diode-ORing.
The Firewire devices can be power providers or power
consumers and can be daisy chained together.

InFigure 8,a2-port device allows either port to be powered
internally through diode D1 or to be powered from the op-
posite port. The higher voltage source delivers powertothe
external port devices and the internal FireWire controller
interface. This permits the host powerto be shutdown while
the FireWire controller remains active with external power
provided by the port. The port can relay actively current
limited power as long as there are power sources in the
chain. More than two ports per device are possible permit-
ting power consumption or distribution among multiple
ports. The ports allow live plugging and unplugging with
port load capacitances as large as TmF at 33V for Figure 8.
The output port step up surge current is actively limited.

Figure 9 shows a 12V host power source application that
can drive a remote load capacitance up to 100pF with a
small MOSFET like the Si2318DS. 2mA rated LEDs can be

used as FAULT indicators with resistors to reduce power
dissipation at the FAULT pins.

V¢ Overvoltage Detection

The FTMR pin can be used to detect a Vg overvoltage
condition with a Zener diode Z2 as shown in Figure 6.
Resistor R5 and Zener Z3 protect the FTMR pin from
excessive voltage while R6 provides a ground path. An
overvoltage at Ve beyond 35V will pull the FTMR pin
above 1.23V through diode D2A and force a fault status.
If Ve has a transient suppressor as shown in Figure 10,
the overvoltage threshold should be set at 35V which
is below the transient suppressor SMCJ33A minimum
breakdown voltage of 36.7V.

R5 D2A
1k 1N4148

| FrvR

- - 4226 F06

Figure 6. V¢ Overvoltage Detection

Supply Transient Protection

All pins on the LTC4226 are tested for 44V operation with
the exception of FTMR and GATE. The GATE pins are volt-
age clamped either to OUT or GND while the FTMR pins
are low voltage. If greater than 44V supply transients are
possible, 33V transient suppressors are highly recom-
mended at the Vg pins to clamp the voltage below the
55V absolute maximum voltage rating of the pins.

Output Positive Overvoltage Isolation

Transient voltage suppressors are adequate for clamping
short overvoltage pulses at the ports, but they may over-
heat if forced to sink large currents for extended periods.
Figure 10 shows how series MOSFETs can be used to
isolate positive port voltages up to the MOSFET Vgypss.
Q3 and Q4 are turned off when the overvoltage detection
Zener Z2 pulls both FTMR1 and FTMR2 high through D2A
and D2B. The resistors R7 and R8 with MOSFETs Q5 and
Q6 facilitate restart by pulling up through the body diodes
of Q1 and Q2, respectively.
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NODE B
NODE A 1394 1394 1394 1394
SOCKET PLUG PLUG SOCKET
. 31
TS
1 —
LTC4226 1394 | I
1 R ——
SOCKET| _ POWER PATH POWER CONSUMER
A\
POWER 1394
SOURCE SOCKET|
W £
T ] NODE G
LTC4,226 1394 1394 1394 1394
W SOCKET)  PLUG PLUG SOCKET

POWER PROVIDER (MASTER) | _L[MA'-
T

POWER PATH LTC4226

< FovERPAT) .

NODE D 1394 1394 1394 1394 v L
SOCKET

SOCKET PLUG PLUG |_

P

(2]

POWER LTCc422

1394|
SOURCE .:M]_I:‘F SOGKET POWER CONSUMER

ALTERNATE POWER PROVIDER (SLAVE) |

Figure 7. FireWire Power Distribution Example
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Figure 8. 2-Port FireWire Master or Slave Application
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PORT 1

1394 1394
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==
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Figure 9. 12V FireWire Ports with LED Fault Indicators
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Figure 10. 2 FireWire Ports with Positive Overvoltage Isolation
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Design Example

As a design example, take the following specifications for
Figure 8 with a load capacitor Coyt of TmF (not shown on
schematic) at the cable end of port 1:

The channel is rated for a maximum Vg of 33V at 1.5A,
Coyt = 1mF and current limit at 1.5x of circuit breaker
current.

Gircuit breaker current plus a 15% margin:
lcg = 1.5A*1.15 =1.725A,
Sense resistor:

50mV

STTEA 105

Start-up in current limit with CLS low,
Vimr=1.5°1.15¢ Vg
and
Iumir=151.15¢1c3~ 2.98A
Calculate the time ittakes to charge up Coyrin currentlimit:
Gour *Vee

=11ms
limir

tcHARGE =

During a normal start-up where all of the current charges
Cout, the average power dissipation in the MOSFET is
given by:

Ppjss =CC LT .;L”V”T =49.2W

If the output is shorted to ground, the average power
dissipation in MOSFET doubles:

Ppiss = Ve ® limir = 98.4W

The SOA (safe operating area) curve forthe FDMS86500DC
MOSFET shows 100W for 35ms. During a normal start-
up the MOSFET dissipates 49.2W for 11ms at 33V with
adequate SOA margin.

Setting the current limit fault timeout at about 14ms gives:
_ Tt *20pA
1.23V

Choose a standard value of 220nF. The resulting FTMR
timeout in current limit is:

Cr =228nF

t i = 13.5ms
The FTMR circuit breaker timeout is:
tcg = 135ms

The resistor pair R1 and R2 sets the ON threshold voltage
for both channels. In this case R1 = 150k, R2 = 50k:

(R1+R2)+1.23

Vg ON Threshold= =4.92V

Layout Considerations

To achieve accurate current sensing, Kelvin connections
for the sense resistor are recommended. The PCB layout
of Kelvin sensing traces should be balanced, symmetrical
and minimized to reduce error. Inaddition, the PCB layout
for the sense resistors and the power MOSFETs should
include good thermal management techniques for device
power dissipation such as vias and wide metal area. A
recommended PGB layout forthe sense resistorand power
MOSFET is illustrated in Figure 11. To avoid the need for
the additional MOSFET GATE pin resistor (R1inFigure 13),
the GATE trace over ground plane should have minimized
trace length and capacitance.

Q2 Rgo2
(i}

00000
0000
0000
0000
oooo

£|:||:||:||:||—I:

LTC4226 = El =

ST

0

00000
00000
00000
00000
oooo

01 4226 F11

Figure 11. Recommended Layout
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In Hot Swap applications where load currents can be 5A,
narrow PCB tracks exhibit more resistances than wide
tracks and operate at elevated temperatures. The mini-
mum trace width for 10z copper foil is 0.02" per amp to
make sure the trace stays at a reasonable temperature.
Using 0.03" per amp or wider is recommended. Note that
10z copper exhibits a sheet resistance of about 0.5m¢/
square. The use of vias allow multi-copper planes to be
used to improve both electrical conduction and thermal
dissipation. Thicker top and bottom copper such as 30z
or more can improve electrical conduction and reduce
PCB trace dissipation.

It is important to minimize noise pickup on PCB traces
for ON, FTMR, FAULT, CLS and GATE. If an Rg resistor is
used, place the resistor as close to the MOSFET gate as
possible to limit the parasitic trace capacitance that leads
to MOSFET self-oscillation.

Bidirectional Current Limiting

Figure 16 shows an application with bidirectional current
limiting with a common sense resistor. Figure 12 shows
an asymmetric bidirectional current limiter for operating
voltage between 7V and 30V using two separate sense

Vi

N g
7V T0 30V RANGE

i SMCJ33A

30mQ 50mQ

resistors. Separate resistors allow different current limit
in each direction to be set. The transient suppressor at the
sense pins allow the circuit breaker to trip when either the
inputoroutputvoltage exceeds the suppressor breakdown
voltage. When the OUT voltage exceeds the suppressor
breakdown, GATE2 shuts down after FTMR2 time-out and
this can prevent suppressor blow out. The timing capacitor
at FTMR2 can be selected to keep the suppressor within
safe operating area.

High Current Applications

Figure 13 and Figure 14 show 44A and 89A continuous
current applications for bus power distribution. The bus
connection inductance causes a supply dip at the sense
resistor when there is aload transient. The worst transient
is a short at the output or the sudden connection of an
uncharged load capacitor. Without capacitors C1 and G2
for channel 1, Vgcy voltage can dip below the LTC4226
undervoltage lockout threshold resulting in a channel 1
UVLO reset. The low ESR electrolytic capacitor C1 and
ceramic capacitor G2 should be placed very close to the
sense resistor Vggy terminal and the ground plane to
minimize inductance.

FDMS86500DC FDMS86500DC

OR Si7164DP OR §i7164DP ouT

14T T30 7V T0 30V RANGE

_|_ _|_ 1.48A/0.89A

Voc1  SENSET1
&—] ON1

FAULTT

CLS

FAULT2

— ON2

FAULT1
CLS
FAULT2

A Y A

SENSE2  Vggp  GATET OUT1 OUT2  GATE2

LTC4226-2

FTMR1
220nF
GND
220nF =

-

FTMR2

4226 F12

Figure 12. 7V to 30V Asymmetric Bidirectional Current-Limiter

4226f

LY N

19



LTCA4226

APPLICATIONS INFORMATION

Rs1 Q1

1mQ  |IRF2804S-7PPBF OUTPUTH

1 o 147 o Gt 12 44A
R2 1000pF 224F T n
I .,_lﬂ%_l 4
= = 250
X5R
Voo SENSE1 GATET ouT
ONT ——a ON1 FIMRT —
FRUTTT ——> FAUTTT e
— cLs LTC4226-2 GND %L
FAULTZ ——> FAULT2 %ﬁF =
N2 — N2 MR —1
= | Ve SENSE2 GATE? ouT2
+—w— |4
Ra2
— 100 Ca2
. o 1] 10nF OUTPUT?
A o Lo 'S \Rros0d 7PPRF e
SM6S15AHE3/2D 1000yF 22F 1mo -
i ? 25V I ><1 0 4226 F13

T 25V
X5R

Figure 13. Dual Continuous 44A Typical Output

At the occurrence of severe load transient, the GATE1
voltage undershoots the voltage needed for current limit
regulation. The Rgyand Cegy network between GATET and
OUT1 help restore GATE1 voltage quickly to the voltage
needed for current limit regulation. When a heatsink is a
used and gate interconnect has significant capacitance and
inductance, optional resistors R1 and R2 can be inserted
closetothe MOSFET’s gate to prevent parasitic oscillation.
The product of R1 and MOSFET Cygs add delay to the cur-
rent limit response. For short PCB gate interconnection,
these optional resistors are not needed.

Two Hot Swap channels with identical sense resistors
and MOSFETs can have their outputs connected together
to almost double the current output capability without
significant improvement in MOSFET’s SOA. OUTPUTT in
Figure 14 can be connected to OUTPUT2 to give 178A.
FTMR1 and FTMR2 should be kept separate as capaci-
tors Ctq and Cyo individually monitor the sense voltages

across Rg1 and Rgp respectively. In the event of a current
fault, one channel may time out earlier than the adjacent
channel due to mismatch. If FAULT1 and FAULT?2 are kept
separate, the current in the channel of the first fault is
diverted to the adjacent channel with a second fault time
out occurring later.

Now consider the case where FAULT1 and FAULT2 are tied
together during a current fault. First fault channel FAULT1
pulls low and this causes an input low at FAULT2 with
GATE?2 pulling low immediately. FTMR2 does not time out
due tothe common FAULT connection with GATE2 disabled
earlier than the case of separate FAULT connection. The
MOSFET Q1 where the first occurrence of current fault
occurs would not be stressed as much as Q2 since the
fully enhanced Q2 determines the parallel channels Vg
and OUT voltage drop. Common ON pin connections are
preferred for parallel channel applications.
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APPLICATIONS INFORMATION
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=== CONNECTION OPTION TO SHARE MOSFET SOA
*OPTIONAL

Figure 14. Dual Continuous 89A Typical Output

One drawback of the separate FTMR scheme for parallel
channels is that one timer may ramp up in current limit
mode before the other channel, resulting in shorter circuit
breaker timer duration and/or a reduction in the combined
circuitbreaker currentthreshold due to Rps ony mismatch.
These issues are solved by using two cross-coupled PNP
clamps connected betweenthe FTMR pinsas shownin Fig-
ure 15. The FAULT pins are shorted together and connected
to an external open drain pull-down which is controlled by
a gate synchronization signal. The PNPs prevent a current
limited channel’s FTMR from ramping up too fast while
the other channel is still in circuit breaker mode. If only

LTC4226

FTMR1 FAULTI FAULT2 FTMR2
| o |
° L, DELAYED
: E|—0FF|W
) Q3 04 b =
oy, N 23906 2N3906 1 ¢, ~
—_|_—10nF = T 10nF

one of the channels is in current limit mode, the clamp
from the other channel will slow down the current limited
channel’s FTMR ramp rate as shown in Figure 15’saccom-
panying waveforms. This scheme assumes common Vg
and ON pins, and both channels should be on the same
chip. Channel to channel matching is 6% for V¢g, 6%
for Vi miT, and GATE high skew delay timing for both ON
and Vg are 10%. The GATE pins must be synchronized
by asserting the FAULT inputs low to mask out tonuvr)
skew. Asserting the FAULT pins low for at least 100ms at
power-up will ensure that the MOSFETs turn on together.

FTMR2
FTMR
0.5V/DIV FTMR1
lout
SADIV TOTAL OUTPUT CURRENT
- FAULT
FAULT |
5V/DIV
1mS/DIV 4226 F15

Figure 15. PNP Connected FTMR for 2 Parallel Channels
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PACKAGE DESCRIPTION

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

16-Lead Plastic QFN (3mm x 3mm)

UD Package

(Reference LTC DWG # 05-08-1700 Rev A)
Exposed Pad Variation AA

!

3.50 +0.05 1.65£0.05

2.10+0.05 (4 SIDES)

OOt

{

OO T s
i

.
\
|
|
Y S R S —
|
|
|
T

(-

| | l<— 0.25+0.05
—> «—0.50 BSC

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

3.0020.10 0.75+0.05
~ " (4SIDES)
PIN 1
TOP MARK
(NOTE 6)
|
|
i \+ 77777 i
|
\
|
\
I
N
—

NOTE:

1. DRAWING CONFORMS TO JEDEC PACKAGE OUTLINE MO-220 VARIATION (WEED-4

2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MIL

LIMETERS

|
I<— PACKAGE OUTLINE

i [
—pong-

BOTTOM VIEW—EXPOSED PAD

PIN 1 NOTCH R =0.20 TYP

R=0.115
Tvp OR 0.25 x 45° CHAMFER
0.40+0.10
= '
1654010 | | 2
(4-SIDES) |
)
(UD16 VAR A) QFN 1207 REV A
~<~—0.200 REF 5+0.05
~<—0.00-0.05 BSC

‘ «‘—»‘ ‘4— 0.2
—> <—0.50
)

4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE

5. EXPOSED PAD SHALL BE SOL

DER PLATED

6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION
ON THE TOP AND BOTTOM OF PACKAGE
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PACKAGE DESCRIPTION

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

MS Package
16-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1669 Rev @)
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NOTE:
1. DIMENSIONS IN MILLIMETER/(INCH)
2. DRAWING NOT TO SCALE
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W 1]
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TYP (01797) < MSOP (MS16) 1107 REV @
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3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE

4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE

5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX

4226f
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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TYPICAL APPLICATION
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Figure 16. Bidirectional Current-Limiter

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LTC1421 Dual Channel Hot Swap Controller Operates from 3V to 12V, Supports —12V

LTC1422 Single Channel Hot Swap Controller Operates from 2.7V to 12V

LTC1645 Dual Channel Hot Swap Controller Operates from 3V to 12V, Power Sequencing,

LTC1647 Dual Channel Hot Swap Controller Operates from 2.7V to 16.5V

LTC4210 Single Channel Hot Swap Controller Operates from 2.7V to 16.5V, Active Current Limiting

LTC4211 Single Channel Hot Swap Controller Operates from 2.5V to 16.5V, Multifunction Current Control

LTC4215 Single Hot Swap Controller with ADC and 12C Interface | Operates from 2.9V to 15V, Monitors Voltage and Current with 8-Bit ADC

LTC4216 Single Channel Hot Swap Controller Operates from 0V to 6V

LTC4218 Single Channel Hot Swap Controller Operates from 2.9V to 26.5V, Adjustable, 5% Accurate (15mV) Current Limit

LTC4222 Dual Hot Swap Controller with ADC and I2C Interface Operates from 2.9V to 29V, Digitally Monitors Voltage and Current with
10-Bit ADC

LTC4224 Dual Channel Hot Swap Controller Operates from 1V to 6V

LTC4227 Dual Ideal Diode and Single Hot Swap Controller Operates from 2.9V to 18V

LTC4228 Dual Ideal Diode and Hot Swap Controller Operates from 2.9V to 18V

LTC4230 Triple Channel Hot Swap Controller Operates from 1.7V to 16V, Multifunction Current Control

LTC4280 Single Hot Swap Controller with ADC and I2C Interface | Operates from 2.9V to 15V, Monitors Voltage and Current with 8-Bit ADC

LTC4352 Ideal Diode Gontroller with Monitoring Operates from 0V to 18V, UV, OV

LTC4364 Surge Stopper/Hot Swap Controller with Ideal Diode Operates from 4V to 80V, -40V Reverse Input
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