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FEATURES

= Allows Safe Board Insertion and Removal from
Live Backplane

Controls Load Voltages from 1V to 6V

No Gate Components Required

Adjustable Current Limit with Circuit Breaker
Limits Peak Fault Current in <1ps

No External Timing Capacitor Required
Adjustable Supply Voltage Power-Up Rate

Gate Drive for External N-channel MOSFET
LTC4224-1: Latchoff After Fault

LTC4224-2: Automatic Retry After Fault

10-Lead MSOP and 3mm x 2mm DFN Packages

APPLICATIONS

® (ptical Networking
= | ow Voltage Hot Swap
® FElectronic Circuit Breakers

| t i \D LTCA4224-1/LT1CA4224-2

TECHNOLOGY

Compuct Duul Low

Voltage Hot Swap Controller

DESCRIPTION

The LTC®4224 Dual Low Voltage Hot Swap™ controller
allows a board to be safely inserted and removed from a
live backplane. It controls two supplies with external N-
channel MOSFETs and operates with one supply as low
as 1V provided the other supply is 2.7V or greater. The
LTC4224 can ramp up the supplies in any order and at
adjustable ramp rates. To minimize the number of external
components and PCB area, the gate capacitor is optional,
all timing delays are generated internally, and the ON pins
have integrated pull-up currents.

Protection against overcurrent faults is provided by a fast-
acting current limitand timed circuit breakers. AFAULT pin
signals overcurrentfaults. The LTC4224-1 remains off after
a fault, while the LTC4224-2 automatically tries to apply
power again after a four second cool-down period.

L7, LT, LTC and LTM are registered trademarks of Linear Technology Corporation. Hot Swap
is a trademark of Linear Technology Corporation. All other trademarks are the property of their
respective owners.
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LTCA4224-1/LT1CA4224-2

ABSOLUTE MAXIMUM RATINGS (Notes 1, 2)

Supply Voltage (Vgon) «eeeeerererererererererereienns -0.3Vto 9V Operating Temperature Range
Input Voltages LTCA224C ... 0°Cto 70°C
SENSEN, ONN...ovvveeeece e, -0.3V1to 9V LTCA2241........cocooveeeeeeeeeeeee, -40°C to 85°C
Output Voltages Storage Temperature Range .................. -65°C to 150°C
GATENn = Vg (NOte 4) oo, -0.3Vto 5V  Lead Temperature Range (Soldering, 10 sec)
FAULT ..o -0.3Vto 9V MSOP Package ..........cccoeuvvrererreeceeene, 300°C
PIN CONFIGURATION
TOP VIEW
SENSE1[11 71 [10] SENSE2 TOP VIEW
Vet :2__! i : IL‘g_' Vg SENSE1 1 110 SENSE2
ouren[31 1111 o eatez oatt] 5o SHR
mucfal |1 7] eno FAULT 403 57 GND
owilfal | i ol ow ONT 50 6 ON2
N MS PACKAGE
DDB PACKAGE 10-LEAD PLASTIC MSOP

10-LEAD (3mm x 2mm) PLASTIC DFN
Tymax = 125°C, 65 = 43°C/W
EXPOSED PAD (PIN 11) PCB GND CONNECTION OPTIONAL

Tymax = 125°C, 64 = 160°C/W

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC4224CDDB-1#PBF LTC4224CDDB-1#TRPBF | LDTT 10-Lead (3mm x 2mm) Plastic DFN 0°C to 70°C
LTC4224CDDB-2#PBF LTC4224CDDB-2#TRPBF | LDNV 10-Lead (3mm x 2mm) Plastic DFN 0°Cto 70°C
LTC42241DDB-1#PBF LTC4224IDDB-1#TRPBF | LDTT 10-Lead (3mm x 2mm) Plastic DFN -40°C to 85°C
LTC42241DDB-2#PBF LTC42241DDB-2#TRPBF | LDNV 10-Lead (3mm x 2mm) Plastic DFN -40°C to 85°C
LTC4224CMS-1#PBF LTC4224CMS-1#TRPBF | LTDTV 10-Lead Plastic MSOP 0°Cto 70°C
LTC4224CMS-2#PBF LTC4224CMS-2#TRPBF | LTDNW 10-Lead Plastic MSOP 0°C to 70°C
LTC4224IMS-1#PBF LTC4224IMS-1#TRPBF LTDTV 10-Lead Plastic MSOP -40°C to 85°C
LTC4224IMS-2#PBF LTC4224IMS-2#TRPBF LTDNW 10-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 non-standard 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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LTCA4224-1/LT1CA4224-2

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

temperature range. Ty = 25°C, Vgeq = 5V, Vee2 = 3.3V, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | | mn TYP  mMAX | UNITS

Supplies

Ve Ve Supply Range Vo = Max (Vgg1, Vo) ® 2.7 6 V

Ice Ve Supply Current o 1.4 3 mA

Voo Ve Undervoltage Lockout Vg Rising ] 2.2 2.4 2.65 \

VeeLo VeeLo Supply Range Veero = Min (Vees, Veca), o 1 6 v

Vg2 2.7V

lccLo VecLo Supply Current ° 40 100 HA

VeoLouvy VeoLo Undervoltage Lockout VeeLo Falling ® 0.76 0.8 0.84 V

External Gate Drive

AVGATE Gate Drive IgaTEn = OUA, —1pA o 4.5 5.5 7 v
(Voaren = Voc)

lGATE(UP) Gate Pull-Up Current Gate Drive On, Vgatgn = 1V (] -7 -10 -13 HA

lGATE(DN) Gate Pull-Down Current Vomn = 1V, Vgaren = 10V ° 0.5 1.5 3 mA

| GATE(FPD) Gate Fast Pull-Down Current Fast Turn-Off, Vgaten = 10V ] 50 125 200 mA

Current Limit

AVSENSE(CB) Gircuit Breaker Trip Sense Voltage ° 22.5 25 27.5 mV
(Veon — SENSEN)

ISENSE SENSE Input Current Vsenseq = 5V, Vsenseo = 3.3V (] 40 100 HA

Inputs and Outputs

Von(TH) ONn Threshold Voltage Vonn Rising ] 0.76 0.8 0.84 V

AVR(HYsT) ONn Hysteresis ° 15 30 50 mv

lon(n) ONn Pull-Up Current Vo =1V o -5 -10 -15 HA

VoL Output Low Voltage (FAULT) IFAuLT = 3MA ° 0.2 0.4 Vv

Delay

tcp Circuit Breaker Delay ) 2.5 5 7.5 ms

tPHL(SENSE) Sense Voltage, (Vggn — SENSEN) High to AVsense = 200mV, Cgare = 10nF | © 0.4 1 s
GATE Low

tpLH(GATE) ONn Low or Input Supply High to GATEn ° 5 10 15 ms
High Prop Delay

tpLHUWL) Von Low to GATEn Low Prop Delay ) 8 16 us

touy) UV Turn-On Delay Vg Out of UV ] 80 160 240 ms

to(cooL) Auto-Retry Cooling Delay Note 3 ° 2 4 6 S

tBLANK Start-Up Circuit Breaker Blanking Delay ) 2.5 5 7.5 ms

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: LTC4224-2 only.

Note 4: The greater of Vg1 and Vggo is the internal supply voltage (Vgg).
An internal clamp limits the GATE pin to a minimum 5V above V. Driving

this pin beyond the clamp may damage the device.

Note 2: All currents into device pins are positive; all currents out of device

pins are negative. All voltages are referenced to GND unless otherwise

specified.
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LTCA4224-1/L1CA4224-2

TYPICAL PERFORMANCE CHARACTERISTICS

Specifications are Ty = 25°C, Vgeq = 5V, Voo = 3.3V, unless otherwise specified.
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LTCA4224-1/LT1CA4224-2

PIN FUNCTIONS

SENSE1, SENSE2 (Pins 1,10): Current Sense Input. Con-
nect this pinto an external sense resistor. The current limit
circuit controls GATEn to limit the voltage between V¢ep,
and SENSEn to 25mV. An Electronic Circuit Breaker (ECB)
is active during current limiting and trips after 5ms. To
disable current limit, connect this pin to Vggp,.

Veet, Veez (Pins 2, 9): Supply Voltage and Current Sense
Input. An undervoltage lockout circuit disables the part
until Vg, the higher of Vggy and Vggo, exceeds 2.4V, The
lower supply is disabled until it exceeds 0.8V.

GATE1, GATE2 (Pins 3, 8): Gate Drive for External N-channel
MOSFET. A charge pump sources 10pA from GATE to turn
on the external MOSFET. An internal clamp limits the gate
voltage to 5.5V above the higher of Vggy and Vggo. During
turn-off, a 1.5mA pulldown current discharges GATE to

ground. During short-circuits, a 125mA pulldown current
is activated to discharge GATE to ground.

FAULT (Pin 4): Fault Status Output. Open-drain output
that is normally pulled high to Vggq or Vgeo by an exter-
nal resistor. It is pulled low when the ECB trips due to an
overcurrent condition at either supply. This pin may be
left open if unused.

ON1, ON2 (Pins 5, 6): On Control Input. A falling edge
turns on the external N-channel MOSFET and arising edge
turns it off. A low to high transition on this pin resets an
ECB fault for the corresponding channel. Internally pulled
up to Vg by a 10pA current source.

GND (Pin 7): Device Ground.

Exposed Pad (DFN Package Only): Exposed Pad may be
left open or connected to device ground.

FUNCTIONAL DIAGRAM
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LTCA4224-1/LT1CA4224-2

OPERATION

The LTC4224 is designed to control power on a live back-
plane, allowing boards to be safely inserted and removed. It
controls two supplies (Vgg1, Vogo) With operating voltages
between 1V and 6V via two external N-channel MOSFETSs.
For applications where the total load current is 5A or less,
dual MOSFETs such as the FDS6911 can be used to save
board area. The two supplies can be turned on and off
independently using the active low ONT and ON2 pins.
Internal 10pA current sources pull these pins to Vgc.

Pulling the ON pin low turns on a charge pump which
sources 10pA at the GATE pin thereby ramping up the gate
of the external MOSFET. When the MOSFET turns on, the
inrush current is limited at a level set by an external sense
resistor. Inrush current can be further reduced, if desired,
by adding a capacitor from GATE to GND. To protect the
external MOSFET, the GATE pins are clamped to about
5.5V above the higher of the two supplies.

Each supply is continuously monitored for undervoltage
and overcurrent conditions. The undervoltage monitor
shuts off the external MOSFET when the corresponding
supply is too low.

Current is monitored by an active current limit amplifier
(ACL) and a timed electronic circuit breaker (ECB). Like
all timing delays in the LTC4224, the ECB delay of 5ms is
generated internally without requiring any external timing
capacitors. The ECB threshold is slightly below the ACL
threshold and shuts off the external MOSFET after 5ms.
FAULT is latched low to indicate an overcurrent fault.

The LTC4224-1 remains latched off until reset by either
turning off and then on the affected supply or its ON pin.
The LTC4224-2 automatically restarts after four seconds
to allow time for the MOSFET to cool down.

APPLICATIONS INFORMATION

The typical LTC4224 application is in a high availability
system where two positive supply voltages are distributed
to power individual cards. The LTC4224 detects board
presence during insertion and removal, allowing power
to be delivered in a controlled manner without damaging
the connector. It reports overcurrent faults to the system
controller through its FAULT pin, which can light an LED
or can be monitored by a system controller.

R1
0.015Q

The basic LTC4224 application circuitis shownin Figure 1.
The following sections cover Vg selection, the normal
turn-on and turn-off sequence, various fault conditions
and recovery from fault situations. External component
selection is discussed in detail in the Design Example
section.

FDS6911

! 5V

1
5V ——g— AW mlin ¢ ' 1A
BULKSUPPLY 1~ :J;*_l at i
BYPASS CAPACITOR = i :
- 0010 ! i
o——a o\ I o | 33V
3.3V * v : 18 ] 2A
BULK SUPPLY - T~ i 02y
BYPASS CAPACITOR == R3 t-fp--—g----
390 | Voor SENSE! Vggo SENSE2 GATET GATE2
5 o MOD DETECT
| D1 LTC4224 "
FAULT N2 1k OD-DET
GND[—¢ — GND
-+
CONNECTOR ~ PLUG-IN CARD

Figure 1. Typical Application
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LTCA4224-1/LT1CA4224-2

APPLICATIONS INFORMATION

V¢ Selection

The LTC4224 is powered from the higher of its two supply
pins, Vo1 and Vego. This allows the part to control a sup-
ply voltage as low as 1V, while the other supply is 2.7V or
greater. If both supplies are tied together, the part derives
its power from both equally. The Functional Diagram shows
the Vg selection circuit in an ideal diode OR-ing arrange-
ment. It is designed to ensure swift and smooth internal
power switchover from one supply to the other.

Turn-On Sequence

Separate ON1 and ON2 pins allow the Vg and Veo
supplies to be turned on in any order. The power supplies
delivered to a plug-in card are controlled by external N-
channel MOSFETs, Q1 and Q2. For X2/XENPAK defined
optical transceiver modules, it has been specified that the
MQOD DETECT pin pulls low inside the module through a
1k resistor (Rmop_pet), @s shown in Figure 1. Several
conditions must be satisfied to turn on the MOSFETs.
First, Vgoq or Voo must exceed the 2.4V Vg undervoltage
lockout level for longer than an internal UV turn-on delay
of 160ms. Next, if Vecy is greater than 0.8V and ONn is
low (<0.8V), a debounce delay of 10ms is started. If Ve
drops below 0.8V or ONn goes high before the end of the
10ms debounce delay, the debounce delay is restarted the
next time these pins are properly conditioned.

When the 10ms debounce delay expires, the external
MOSFET is turned on by charging up the GATE with a

oNi2 .

DIV | B

Vourt /

5V/DIV

VOUT? fotebbibaidafancbab -(
5V/DIV /

GATET l[

5V/DIV

GATE? |

5V/DIV

422412 FO2

5ms/DIV

Figure 2. Normal Power-Up Sequence

10pA charge pump generated current source. When the
GATE voltage reaches the MOSFET threshold voltage, the
inrush current can build up quickly as the GATE continues
to rise. The ACL amplifier actively controls the gate volt-
age to maintain 25mV across the sense resistor. In this
condition, the inrush current is given by:

25mV
Rsense

IINRUSH =

As the inrush current charges up the load capacitor, the
outputrises withacorresponding increase in gate voltage.
When the supply is no longer in current limit, an internal
charge pump pullsthe gateto 5.5V above the higher of Vg1
or Vgeo to achieve a low resistance power path. Figure 2
shows a typical start-up sequence with Cigap1 = CLoap2
= 150pF, RLoap1 = 4.7Q and Ry gap2 = 2Q2.

The inrush current can be reduced to below the current
limit level by adding an external gate capacitor as shown
in Figure 3.

GATE capacitor Cgatg provides gate slew rate control to limit
the inrush current. However, Cgatg could cause parasitic
highfrequency self oscillationin Q1. A10Q resistor, Rg, as
shown in Figure 3 can be used to prevent the oscillation.
To be effective, Rg needs to be laid out close to Q1.

Thevoltage atthe GATE pinrises witha slope equal to lgatg/
Cgare. For a given supply inrush current Ijyrysy and load
capacitor G gap, Cgate can be calculated according to:

ATE
Ceate = *CLoap
USH

Vec1  SENSET1

|GATE¢

GATEA
(TC4224

422412 F03

Figure 3. Inrush Current Control by Gate Capacitor
422412fa
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LTCA4224-1/L1CA4224-2

APPLICATIONS INFORMATION

If the voltage across the sense resistor R1 becomes too
high, the inrush current is limited by the internal current
limit circuitry.

Turn-0ff Sequence

The MOSFETs can be turned off by the conditions sum-
marized in Table 1.

Table 1. Turn-Off Conditions

RESULT

CONDITION CHANNEL1  CHANNEL 2 CLEARED BY
ONT Goes High Turns Off No Effect ONT Low
ON2 Goes High No Effect Turns Off ON2 Low
UVLO on Vg Turns Off Turns Off Ve > UVLO
UVLO on Vggy Turns Off No Effect Vget > UVLO
UVLO on Vo NoEffect | TurnsOff | Vggo>UVLO
CH1 Overcurrent Fault | Turns Off No Effect ONT High,

UVLO on Vggy
CH2 Overcurrent Fault |  No Effect Turns Off ON2 High,

UVLO on Vggo

When ON1 or ON2 is pulled high, the corresponding GATE
pin is pulled to ground by 1.5mA. With the MOSFET off,
the load current discharges the load capacitor. Figure 4
shows Vg1 supply turning off by pulling ONT high with
RiLoap1 = 4.7Q discharging Cjoap1 = 150pF

Overcurrent Fault

The LTC4224 features an adjustable current limit with circuit
breaker function that protects external MOSFETs against
short circuits orexcessive load current. The voltage across

ONT |
2V/DIV

Vourt
5V/DIV

GATE1
5V/DIV

0.2ms/DIV

422412 F04

Figure 4. Normal Power-Down Sequence

the external sense resistor is monitored by the active cur-
rent limit (ACL) amplifier and the electronic circuit breaker
(ECB) comparator. An overcurrent condition results in the
current being limited by the ACL amplifier. During current
limiting, the ECB is activated and initiates a chain of logic
and timing events to handle the fault.

Figure5illustratesthe LTC4224’s responsetoan overcurrent
condition on one supply output. Start-up and overcurrent
control for the two supplies are independent. Before time
point t1, the ON pin is high and the part is in reset. When
the ON pin goes low, a 10ms debounce delay is started.
After 10ms (time point tp), the external MOSFET is turned
on by charging GATE with 10pA. The load capacitor starts
tocharge up andthe output voltage increases. Atthe same

lLimiT

ILimir

5ms START-UP

10ms DEBOUNCE DELAY | BLANKING DELAY

OVERCURRENT 5ms

IDLE | ECB BLANKING DELAY | 5ms ECB Arm

t2

t3

t

422412 FO5

14 t5

Figure 5. Fault Handling Sequence

422412fa

LY N



LTCA4224-1/LT1CA4224-2

APPLICATIONS INFORMATION

ONT
2V/DIV |..

FAULT
5V/DIV \

louTy ‘
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5V/DIV
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Figure 6. Start-Up with Short at Output

time, a 5ms start-up blanking delay begins during which
the circuit breaker is not allowed to latchoff the MOSFET.
If the ECB is tripped at the end of 5ms (time point t3), the
MOSFET is latched off by pulling GATE down with 1.5mA
and FAULT is latched low. The waveform in Figure 6 shows
anunsuccessful start-up duetoashortcircuitatthe output.
To ensure start-up, the load capacitor must be charged
up sufficiently to exit current limit before the end of the
5ms blanking delay. For large load capacitors, it may be
necessary to connect an external capacitor from GATE to
GND as described in the Turn-On Sequence section.

After start-up, any transient overcurrent faults lasting
less than 100ps are ignored. Any overcurrent condition
lasting more than 100ps will initiate the 5ms ECB blank-
ing delay (time point t4). After the ECB blanking delay,
the ECB is armed for the following 5ms (time point t5 to
tg). Any 100us overcurrent pulse during this time latches
off the MOSFET. In summary, for 5ms to 10ms after a
100us or greater overcurrent fault is detected, a second
100ps fault condition causes the MOSFET to latchoff. If
no overcurrent condition is detected during this time, the
part re-enters the IDLE state and another blanking delay
followingan overcurrent conditionis again required before
the MOSFET latches off. Figure 7 shows how the output
latches off following an overcurrent fault.

Duringasevere short-circuit (see Figure 8), the output load
current can briefly surge to tens of amperes. The LTC4224
rapidly brings the current under control by discharging

GATE1
5V/DIV

Vout
SV/DIV [Frespererpertre *&H::m::m:m
rmmwwmm\
louT i
1A/DIV 72 R \
e

2ms/DIV

422412 FO7

Figure 7. Overcurrent Fault on Output
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SV/DIV | U
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- ;
Vourz T
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\ 1

|
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. Il'h..:;;-; .an
lout2 i

BADIV ' T

0.5ps/DIV

422412 F08

Figure 8. Severe Short-Circuit on Qutput

the MOSFET’s gate with 125mA towards ground. After a
short delay, the ACL amplifier regulates the gate voltage
until the ECB trips at the end of 5ms.

Undervoltage Fault

An undervoltage fault occurs if either Vggq or Vgeo falls
below 0.8V for longer than 8ps. This turns off the affected
supply’s switch by discharging GATE with 1.5mA and
clears its fault latch. An undervoltage fault on one supply
does not affect the operation of the other supply. If Vg,
the higher of Vggy and Vo, falls below 2.4V for more
than 12ys, all supply switches are turned off and all fault
latches are cleared.

422412fa
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LTCA4224-1/L1CA4224-2

APPLICATIONS INFORMATION

If there is significant supply lead inductance, a severe
output short may collapse the input to ground before the
LTC4224 can bring the current under control. In this case,
the undervoltage lockout activates after an 8ps filter delay,
and the GATE is pulled down by 1.5mA.

Resetting Faults

Following an overcurrent fault, the LTC4224-1 latches
off while the LTC4224-2 automatically restarts after a
four second cool down period. An overcurrent fault on
either supply causes the ECB for that supply to turn off
the MOSFET and pull the FAULT pin low. Faults are reset
by pulling the ON pin high for at least 20ys, after which
the FAULT pin releases and the turn-on sequence begins.
Taking the lower supply below Vggo(uye) clears only that
supply’s fault and the turn-on sequence commences im-
mediately. Pulling the higher supply below Vg uyy) clears
both supplies’ faults and the turn-on sequence begins after
a160ms UV turn-on delay. When both supplies are above
2.5V either supply going low only resets its own fault.

For the auto-retry version (LTC4224-2), if the fault is not
cleared withinfourseconds, the latched fault will be cleared
automatically. FAULT will go highand the turn-on sequence
will begin. A persistent fault results in an auto-retry duty
cycleofabout0.1%. Figure 9shows anauto-retry sequence
as a result of an overcurrent fault.

FAULT
5V/DIV j

|
1 A/%LIJ\; A A S

e 111
2V/DIV

1s/DIV

422412 F09

Figure 9. Auto-Retry After Overcurrent Fault

Gate Pin Voltage

The gate drive is compatible with logic level MOSFETs, but
caution is required if one supply is low. The guaranteed
range of gate drive is 4.5V to 7V, with a typical value of
5.5V, Each GATE pin is clamped with respect to V¢, the
higher of the two input supplies. When V¢ is at 5V, both
GATE pins can be as high as 12V above ground. If the
lower supply is at 0V, the gate-to-source voltage of its
MOSFET can be 12V. In such applications, MOSFETs with
gate-to-source breakdown ratings of 12V or greater are
recommended.

Active Current Loop Compensation

The active current loop is compensated by the parasitic
capacitance of the external MOSFET. No further compensa-
tioncomponentsare normally required. Inthe case wherea
MOSFET with less than 600pF of gate capacitance is chosen,
a 600pF compensation capacitor connected between the
GATE pin and ground may be required.

Supply Transient Protection

In applications where the supply inputs are fed directly
from the regulated output of the backplane supply, bulk
bypassing assures a spike-free operating environment.
In other applications where bulk bypassing is located far
from the LTC4224, spikes generated during output short-
circuit events could exceed the absolute maximum ratings
for Vgg. To minimize such spikes, use wider traces or
heaviertrace plating to reduce the power trace inductance.

R2 Q2
0.010Q FDS6911

Veez r‘"v 1 {IT Vour
—|— TCLOAD2

Veco SENSE2  GATE2

A ﬁ*ggus
SMAJS.0A " LTC4224

Csnus

I 0.1pF | GND

- 422412 F10

Figure 10. Input Supply Transient Protection
Network for Applications without Input Capacitance
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GND PLANE
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Figure 11. Recommended Layout for Input
Supply Transient Protection Network

Also, bypass locally with a 10pF electrolytic and 100nF
ceramic, or alternatively clamp the input with a transient
voltage suppressor (Z1) as shown in Figure 10. A 10Q,
100nF snubber damps the response and eliminates ring-
ing. A recommended layout of the transient protection
devices Z1, Rgyys and Cgyyp around the LTC4224 is
shown in Figure 11.

PCB Layout Considerations

For proper operation of the LTC4224’s electronic circuit
breaker, Kelvin connections to the sense resistors are
strongly recommended. The PCBlayout should be balanced
and symmetrical to minimize wiring errors. Inaddition, the

3.3V 5V
anme
o0 oo o0 oo
1ol 71 0] FDS6911
ol 1 1 12

ofsl 1] |le ° °
= =
700 )4 ERNEER0
6l L__I s

LTC4224

BOTTOM SIDE TOP SIDE

422412 F12

Figure 12. Recommended Layout for
Power MOSFET and Sense Resistors

PCB layoutforthe sense resistors and the power MOSFETs
should include good thermal management techniques for
optimal device power dissipation. A recommended PCB
layout for the sense resistors and the power MOSFET
around the LTC4224 is illustrated in Figure 12. Note that
itis important to keep the trace from the LTC4224’s GATE
pin to the FDS6911’s gate short.

In Hot Swap applications where load currents can be 10A,
wide PCB traces are recommended to minimize resistance
and temperature rise. The suggested trace width for 10z
copper foil is 0.03" for each ampere of DC current to keep
PCBtrace resistance, voltage drop and temperature rise to
a minimum. Note that the sheet resistance of 10z copper
foil is approximately 0.5mQ/square and voltage drops
due to trace resistances add up quickly in high current
applications.

In most applications, it is necessary to use plated-through
vias to make circuitconnections from componentlayersto
power and ground layers internal to the PCB. For 10z cop-
per foil plating, a general rule is 1A of DC current per via.
Consult your PCB fabrication facility for design rules
pertaining to other plating thicknesses.

Design Example

Asadesignexample, considerthe following specifications:
Vet =5V Veca=3.3V, ILoap1(max) = 1A, ILoap2(max) = 2A,
CLOAD1 = CLOAD2 =150pF (see Figure 1).

First, select the sense resistor for each supply. Calculate
the R1 and R2 values based on the maximum load cur-
rent and the minimum circuit breaker threshold limit,

AVSENSE(CB)(MIN)-
Ifa 1% tolerance is assumed for the sense resistors, then
the following values of resistance should suffice:

Table 2. Sense Resistor Values

SUPPLY VOLTAGE | Rsense (1%) ItRIP(MIN) IrRIP(MAX)
5V 15mQ 1.49A 1.85A
3.3V 10mQ 2.23A 2.78A

For proper operation, Ilrripgviny must exceed the maxi-
mum load current with margin, so Rggensg1 = 19mQ and
Rsensee = 10mQ should suffice for the Vggy and Vggo
supplies respectively.

422412fa
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Next, assume that there is no load current at start-up,
and calculate the inrush current required to charge the
load capacitor. As there is no gate capacitor, the supplies
start-up in current limit. Compute the time, tgy, it takes
to fully charge the load capacitor:

to— Vee *Croap
SU— |
TRIP

Table 3 lists the worst-case tgy values assuming 30%
tolerance for load capacitances.

Table 3. Worst-Case tgy

VOLTAGE SUPPLY tsu(miny tsu(max)
5V 0.53ms 0.65ms
3.3V 0.23ms 0.29ms

The start-up ECB blanking delay is guaranteed to be at least
2.5ms, which is longer than the tg tabulated in Table 3.
Hence, both supplies can start up successfully.

Next, verify that the thermal ratings of the selected external
MOSFETSs are not exceeded during power-up or an output
short-circuit. Assuming the MOSFET dissipates power only
duetoinrushcurrentcharging the load capacitor, the energy
dissipated in the MOSFET during power-up is the same
as that stored in the load capacitor after power-up. The
average power dissipated in the MOSFET is given by:

2
p _Cioan *Vour

The worst-case Ppyg is calculated to be 4.6W for both the 5V
supply and the 3.3V supply. In this example, the FDS6911
MOSFET offersagood solution. Since this MOSFET isadual
N-channelinasingle SO8 package, itmustbeabletotolerate
the combined power dissipation of both supplies during
the tgy start-up time. The increase in steady-state junction
temperature due to power dissipated in the MOSFET is
AT = PaygeZty Where Zty is the thermal impedance.

Under this condition, the FDS6911 datasheet’s Transient
Thermal Impedance plot indicates that the junction tem-
perature will increase by 6.4°C using Ztuye = 0.7°C/W
(single pulse). The FDS6911’s on-resistance is 17mQ at
Vs = 4.5V, 25°C.

The magnitude of the power pulse that results during a
severe overload is calculated to be 9.25W for the 5V sup-
ply and 9.2W for the 3.3V supply under the worst case
conditions. Assuming a worst-case circuit breaker timeout
period of 7.5ms, the junction temperature will increase by
25°C, with one supply short-circuited. If both supplies are
short-circuited, the junction temperature will increase by
50°C inthe worst-case. During auto-retry (LTC4224-2), in
the event of persistent faults at both supplies, the ample
four second cooling delay limits the increase in junction
temperature to 50°C. The SOA curves of the FDS6911
indicate that the above conditions are safe.

422412fa

12

LY N



LTCA4224-1/LT1CA4224-2

TYPICAL APPLICATION

5V and 3.3V Card Resident Application
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PACKAGE DESCRIPTION
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PACKAGE
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(2 SIDES)

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

NOTE:

TOP MARK
(SEE NOTE 6)

DDB Package

10-Lead Plastic DFN (3mm x 2mm)
(Reference LTC DWG # 05-08-1722)

1. DRAWING CONFORMS TO VERSION (WECD-1) IN JEDEC PACKAGE OUTLINE M0-229
2. DRAWING NOT TO SCALE

3. ALL DIMENSIONS ARE IN MILLIMETERS

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

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

MS Package
10-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1661)

0.889 + 0.127
(035 = .005)
(52'% 320 3.45
MIN 126— 136)

] |:||:||:| H][E
0.305+0.038 | 0.50 (118 £.004) 0.497 + 0.076
: (0197) (NOTE 3) ~ e Ee

(.0120 = .0015 (.0196 +.003)

TYP BSC REF
RECOMMENDED SOLDER PAD LAYOUT
AL A 4.90 + 0.152 7(3-10108* 03&2)
193 = .006 Aoz
0.254 (193 2.00) (NOTE 4)
(- Ol 0) 0° - 6° TYP
GAUGE PLANE —— — ;% y
# ‘ 0.53 +0.152
| < 22920.102
(.021 +.006) 1.10 0.86
“pr (.043) (.034)
DETAIL “A MAX REF
0.18 -
U ‘ itgrssssst I
%J i\ SEATING vy
) PLANE 017-027 || 4 0.1016 £ 0.0508
(.007 -.011) (.004 +.002)
0.50
TYP W —> MSOP (MS) 0307 REV E
NOTE: (ABSC )
1. DIMENSIONS IN MILLIMETER/(INCH)
2. DRAWING NOT TO SCALE
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
422412fa
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' LlnEAD However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
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TYPICAL APPLICATION

X2/XENPAK Hot Swap Application

0 OFTOQ FDS6911
. T 1 [ Aps
APSﬁV\/\\ 14T H 2A
BULK SUPPLY —~ == ]
BYPASS CAPACITOR == R2 " :
33V —¢— e i > et 33V
Lyl 1 2A
BULK SUPPLY T~ ! 02
BYPASS CAPACITOR — 2R3 ~-1---f---4
390 ['\oe; SENSE1 Vgp SENSE2 GATET GATE?
A,
~ ONT — -—
| b1 LTC4224 |
FAULT oz Tk
GND —_T_——w — GND
APS: 1V T0 1.8V CONNECTOR ~ PLUG-IN
CARD
PART NUMBER DESCRIPTION COMMENTS
LTC1421 Two Channel Hot Swap Controller Operates from 3V to 12V and Supports —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, Separate ON Pins to Sequence
LTC4210 Single Channel Hot Swap Controller Operates from 2.7V to 16.5V, Active Current Limiting
LTC4211 Single Channel Hot Swap Controller 2.5V to 16.5V, Multifunction Current Control
LTC4212 Single Channel How Swap Controller 2.5V to 16.5V, Multifunction Current Control with Power Good Input
LTC4213 Electronic Gircuit Breaker Operates from 2.3V to 6V, No Rggynse™ Electronic Circuit Breaker
LTC4215 Single Channel Hot Swap Controller Operates from 2.9V to 15V, 12C Compatible Monitoring
LTC4216 Single Channel Hot Swap Operates from 0V to 6V
LTC4218 Single Channel Hot Swap Controller Operates from 2.9V to 26.5V, Adjustable, 5% Accurate (15mV) Current Limit
LTC4221 Dual Channel Hot Swap Controller Operates from 1V to 13.5V, Multifunction Current Control
LTC4223 Dual Supply Hot Swap Controller Controls 12V and 3.3V for AMC and uTCA
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