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LTCA4372/LTC4373

Low Quiescent Current Idedl Diode Controller

FEATURES

= Reduces Power Dissipation by Replacing a Power
Schottky Diode

Low Quiescent Current: 5pA Operating

Wide Operating Voltage Range: 2.5V to 80V
Reverse Supply Protection to -28V

No TVS Input Clamps Required

High Side External N-Channel MOSFET Drive

Drives Back-to-Back MOSFETs for Inrush Control and
Load Switching

Shutdown Input for ON/OFF Control

Fast Reverse Current Turn-Off within 1.5ps

® §-Lead MSOP and 3mm x 3mm DFN Packages

APPLICATIONS

DESCRIPTION

The LTC®4372/LTC4373 are positive high voltage ideal
diode controllers that drive an external N-channel MOSFET
to replace a Schottky diode. They control the forward volt-
age drop across the MOSFET to ensure current delivery
or current transfer from one path to the other even at
light loads.

A 5pA operating current achieves high efficiency for inter-
mittent load applications or always-on backup power sup-
plies. If a power source fails or is shorted, a fast turn-
off minimizes reverse current transients. The LTC4372/
LTC4373 control back-to-back N-channel MOSFETs for
inrush current control and load switching.

The LTC4372’s SHDN pin keeps the MOSFET off and
reduces the quiescent current to 3.5pA. The LTC4373 has

® Automotive Battery Protection a UV pin for undervoltage monitoring while the UVOUT
® Redundant Power Supplies pin provides hysteresis adjustment and status informa-
® Portable Instrumentation tion. During undervoltage, the back-to-back MOSFETs are
® Solar Powered Systems cut off and quiescent current reduces to 0.5pA.
u Energy HarVGStlng AppllC&thﬂS All registered trademarks and trademarks are the property of their respective owners.
® Supply Holdup
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LTCA4372/LT1C4373

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2) Operating Ambient Temperature Range
IN, SOURCE ..o, -28V to 100V LTC4372C, LTCA373C ceovoooveeeeeerereenn, 0°C to 70°C
OUT o -2V to 100V LTC43721, LTCA373l oo, —40°C to 85°C
IN = OUT oo -100V to 100V LTC4372H, LTCA373H oo —40°C to 125°C
IN—=SOURCE ... -1V to 100V Storage Temperature Range .................. —-65°C to 150°C
SOURCE = OUT e -100V to 100V Lead Temperature (So|dering, 10 Sec)
GATE — SOURCE (NOt€ 3) ....oovvvvverie -0.3Vto 10V MSOP PaCKAGE ........oorvveeeeeeeeeereeeeseeerseseeeeee 300°C
SHDN, UV, 2UPU, UVOUT.......ccceeiirennee -0.3V to 100V
INTVEG oo -0.3Vto 6V
PIN CONFIGURATION
LTC4372 LTC4372
TOP VIEW
ot | 8] sHon TOP VIEW
GATE [ 2] i o | (7] 2upu o ;E %g ooy
SOURCE |31 | | 6] ano SOURCE 3 F16 GND
IN _4__! : : !__5_ INTVCC IN 4] [15 |NTVCC
R ! MS8 PACKAGE
A—— 8-LEAD PLASTIC MSOP
8-LEAD (3mm x 3mm) PLASTIC DFN Towax = 150°C, Byn = 163°C/W
Tymax = 150°C, 6,a = 43°C/W
EXPOSED PAD (PIN 9) PCB CONNECTION TO GND IS OPTIONAL
LTC4373 LTC4373
TOP VIEW
out [ I/ """" i i8] uv TOP VIEW
ez, | and e
SOURCE | 3] | { [6] anp SOURCE 3 [0 16 GND
wfa | 5] nveg IN 40 15 INTVgo
e b MSB PACKAGE
—— 8-LEAD PLASTIC MSOP
8-LEAD (3mm x 3mm) PLASTIC DFN Towax = 150°C, Byn = 163°CAW
Tymax = 150°C, 0y = 43°C/W
EXPOSED PAD (PIN 9) PCB CONNECTION TO GND IS OPTIONAL
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LTCA4372/L1C4373

ORDER INFORMATION

TUBE TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC4372CDD#PBF LTC4372CDD#TRPBF LHGR 8-Lead (3mm x 3mm) Plastic DFN 0°Cto 70°C
LTC4372IDD#PBF LTC4372IDD#TRPBF LHGR 8-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC4372HDD#PBF LTC4372HDD#TRPBF LHGR 8-Lead (3mm x 3mm) Plastic DFN -40°C to 125°C
LTC4372CMS8#PBF LTC4372CMS8#TRPBF | LTHGS 8-Lead Plastic MSOP 0°C to 70°C
LTC4372IMS8#PBF LTC4372IMS8#TRPBF LTHGS 8-Lead Plastic MSOP -40°C to 85°C
LTC4372HMS8#PBF LTC4372HMS8#TRPBF | LTHGS 8-Lead Plastic MSOP -40°C to 125°C
LTC4373CDD#PBF LTC4373CDD#TRPBF LHMQ 8-Lead (3mm x 3mm) Plastic DFN 0°C to 70°C
LTC4373IDD#PBF LTC4373IDD#TRPBF LHMQ 8-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC4373HDD#PBF LTC4373HDD#TRPBF LHMQ 8-Lead (3mm x 3mm) Plastic DFN -40°C to 125°C
LTC4373CMS8#PBF LTC4373CMS8#TRPBF | LTHMR 8-Lead Plastic MSOP 0°C to 70°C
LTC4373IMS8#PBF LTC4373IMS8#TRPBF LTHMR 8-Lead Plastic MSOP -40°C to 85°C
LTC4373HMS8#PBF LTC4373HMS8#TRPBF | LTHMR 8-Lead Plastic MSOP -40°C to 125°C

Contact the factory for parts specified with wider operating temperature ranges.
Tape and reel specifications. Some packages are available in 500 unit reels through designated sales channels with #TRMPBF suffix.

ELECT"“CHL CHHRHCTGB|ST|CS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty =25°C. IN = SOURCE =12V, SHDN = 0V, UV = 2V unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin Input Supply Voltage Range e 25 80 v
Vinwy Input Supply Undervoltage Lockout IN Rising e 19 2.1 2.45 \
AVineHysTy | Input Supply Undervoltage Lockout Hysteresis 80 mV
ViNTvee Internal Regulator Voltage IinTvee = 0 to —10pA ®| 25 35 45 v
I Total Supply Current Diode Control: Igatg = =0.1pA
- Single or Back-to-Back MOSFETs (Note 4)
la:= I + Isource + lour (C-Grade, I-Grade) o 5 10 uA
(H-Grade) ® 5 20 pA
Shutdown: SHDN = 2V, UV = 0V
Single MOSFET o 3.5 10 pA
Back-to-Back MOSFETs o 0.5 2.5 pA
Reverse Current: AVgp =—-0.1V, IN = 12V
Single MOSFET o 20 30 HA
Back-to-Back MOSFETs ) 10 20 HA
lout OUT Current IN-QUT =4V ° -0.5 -10 HA
IN-OUT = -4V o 1.8 5 HA
INEG IN + SOURCE Current During IN = SOURCE = -24V, OUT = 24V o -1 -5 mA
Reverse Battery
lourneg) | OUT Current During Reverse Battery IN = SOURCE = -24V, OUT = 24V [ 0.3 0.5 mA
AVspm) Source-Drain Threshold (IN-OUT) Low to High. Activates lgateup) ° 20 30 45 mV
AVgateH) | Maximum GATE Drive (GATE-SOURCE) IN <5V, AVgp = 0.1V, lgaTe = 0, =TpA ®| 45 6.5 10 \
IN>5V, AVgp = 0.1V, Igate = 0, —1pA o 10 11.7 16 v
|GATE(UP) GATE Pull-Up Current GATE = IN, AVgp=0.1V ® -15 -20 -25 HA

Rev. A

For more information www.analog.com



LTCA4372/LT1C4373

ELGCT“'CHL CHHBHCTERISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty =25°C. IN = SOURCE =12V, SHDN = 0V, UV = 2V unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
|GATE(DOWN) GATE Pull-Down Current Shutdown: SHDN = 2V, UV = 0V, AVgate = 5V [} 0.5 1 3 mA
Reverse Current: AVgp =-0.1V, AVgate = 5V ) 70 130 230 mA
Reverse Battery: IN = SOURCE = -7V, GATE=-3V | ® 70 130 230 mA
VGATE(NEG) GND-GATE clamp Igate = 10mA (Note 3) [ ] —-28 -32 -35 V
Vsource(tH) | Reverse SOURCE Threshold for GATE Off | GATE = OV (Note 5) o -09 -1.8 2.7 V
torr Gate Turn-Off Delay Time AVgp = Step 0.1V to -0.8V, Cgare = OpF, AVgate<1V | @ 0.5 1.5 us
ton Gate Turn-On Delay Time IN =12V, SOURCE = OUT = 0V, AVgarg > 4.5V, e| 100 500 1200 Hs
Cgare = OpF, SHDN =2V to OV, UV = OV to 1.25V
LTC4372
loupu 2UPU Pull-Up Current o - -2 -3 pA
VsHon SHDN Threshold SHDN Falling o 1 1.2 1.4 Vv
VsHongHyst) | SHDN Threshold Hysteresis ® 2 15 40 mV
IsHDN SHDN Leakage Current SHDN = 1.2V ) +1 +50 nA
LTC4373
Vv UV Threshold UV Falling ®| 1174 1191  1.208 Vv
Vuvysty | UV Threshold Hysteresis ® 2 15 40 mV
luviLk) UV Leakage Current uv=1.2v ) +1 +50 nA
lgvouT(ky | UVOUT Leakage Current UV =2v, UVOUT = 1.2V
(C-Grade, I-Grade) ° +1 +50 nA
(H-Grade) [ +1 +200 nA
Ruvout# | UVOUT Output Low Resistance | =2mA ° 140 500 Q
tuv Under Voltage Detect to UVOUT Assert Low | UV = Step 1.25V to 1.1V ) 10 50 300 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 currents into device pins are positive; all currents out of
device pins are negative. All voltages are referenced to GND unless
otherwise specified.

Note 3: An internal clamp limits the GATE pin to a minimum of 10V above
SOURCE or 100V above GND. A second internal clamp limits the GATE pin
to a minimum of 28V below GND. Driving this pin to voltages beyond the
clamp may damage the device.

Note 4: When testing the single MOSFET configuration, IN is connected to
SOURCE. When testing the back-to-back MOSFET configuration, SOURCE
is left unconnected.

Note 5: SOURCGE < —1.8V triggers a 130mA pull-down current from GATE
to SOURGE. An internal clamp limits the GATE pin to a minimum of 28V
below GND. Driving SOURCE to voltages beyond the clamp may damage
the device.

Rev. A
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LTCA4372/L1C4373

TYPICAL PERFORMANCE CHARACTERISTICS 1, -25°C. IN = SOURCE = 12V, SHDN = 0V,

UV = 2V unless otherwise noted.
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LTCA4372/LT1C4373

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C. IN = SOURCE = 12V, SHON = 0V,

UV = 2V unless otherwise noted.
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LTCA4372/L1C4373

PIN FUNCTIONS

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

GATE: MOSFET Gate Drive Output. The LTC4372/LTC4373
control the gate of the MOSFET to maintain the voltage
drop between OmV to 30mV using a pulsed control
method. If reverse current flows, a fast pull-down cir-
cuit connects GATE to SOURCE within 0.5ps, turning off
the MOSFET.

GND: Device Ground.

IN: Voltage Sense and Supply Voltage. IN is the anode of
the ideal diode. The voltage sensed at this pin is used to
control the MOSFET gate for forward voltage regulation
and reverse current turn-off. The positive supply input
ranges from 2.5V to 80V for normal operation. It can go
below GND by up to 28V during a reverse battery condi-
tion without damaging the part.

INTV¢c: Internal 3V Supply Decoupling Output. Connect
a 0.1pF or larger capacitor to this pin. An external load of
less than 10pA can be connected at this pin.

OUT: MOSFET Drain Voltage Sense. OUT is the cathode
of the ideal diode and the common output when multiple
LTC4372/LTC4373’s are configured as an ideal diode-OR.
It connects to the drain of the N-channel MOSFET. The
voltage sensed at this pin is used to control the MOSFET

gate for forward voltage regulation and reverse current
turn-off. OUT is used as the supply to hold the MOSFET
off when IN is not available (below UVLO). Connect a 10pF
or larger capacitor to this pin.

SHDN (LTC4372): Shutdown Control Input. The LTC4372
can be shut down to a low current mode by pulling SHDN
above 1.215V. Connect to GND if unused.

SOURCE: MOSFET Source Connection. SOURCE is the
return path of the GATE fast pull-down. Connect this
pin as close as possible to the source of the external
N-channel MOSFET.

2UPU (LTC4372): 2pA Pull-Up Output. This pin has a
20A pull-up to INTVge. It can be connected to SHDN to
facilitate on/off control of the LTC4372 by a microcontrol-
ler’s open-drain output. If unused, leave open or connect
to INTV¢g.

UVOUT (LTC4373): UV Status Output. Open Drain output
that pulls low when UV goes below 1.191V (Vyyy) and goes
high impedance when UV exceeds 1.191V. UVOUT can be
used to adjust hysteresis for the UV monitor. This pin may
be left open or connected to GND if unused.

UV (LTC4373): Undervoltage Detection Input. The
LTC4373 goes into a low current shutdown mode when
UV is below 1.191V. Connect to INTV¢ if unused.

Rev. A
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LTCA4372/LT1C4373
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LTCA4372/L1C4373

OPERATION

Blocking diodes are commonly placed in series with sup-
ply inputs for ORing redundant supplies and protecting
against supply reversal. The LTC4372/LTC4373 replace
the diodes such as in portable equipment and automo-
tive applications with N-channel MOSFETs acting as ideal
diodes. The forward voltage drop reduces as shown in
Figure 1, a feature that is readily appreciated at low input
voltages where headroom is tight.

20

MOSFET /
(BSC026N08NS5) 1

CURRENT (A)
>

SCHOTTKY DIoDE /
5 (SBG2040CT)

/
/
l/
7/
0 —
03 0

00 01 02 .
VOLTAGE (V)

A4 0.5

43723 FO1

Figure 1. Forward Voltage Drop Comparison Between MOSFET
and Schottky Diode

As a result of this lower forward voltage drop, there is a
dramatic reduction in power loss achieved in a practical
application as shown in the Typical Application curve on
Page 1. This represents significant savings in board area
by greatly reducing heat sinking requirements of the pass
device. In addition to these two desirable properties, the
LTC4372/LTC4373 feature a low operating current (5pA)
and shutdown current (0.5pA). This increases efficiency
in applications where the ideal diode is used for intermit-
tent loads or always on standby channels, making the
LTC4372/LTC4373 suitable for battery powered appli-
cations in the portable instrumentation, automotive and
renewable energy fields.

The source of the external MOSFET is connected to IN
and SOURCE while its drain is connected to OUT. The
LTC4372/LTC4373 control the gate of the MOSFET to
regulate the voltage drop across the pass transistor to
less than 30mV.

In the event of a rapid drop in input voltage, such as an
input short-circuit fault or negative-going voltage spike,
reverse current temporarily flows through the MOSFET.
This current is provided by any load capacitance and
by other supplies or batteries that feed the output in
diode-OR applications. The reverse current comparator
quickly responds to this condition by turning the MOSFET
off in 500ns. This fast turn-off prevents the reverse cur-
rent from ramping up to a damaging level, thus minimiz-
ing the disturbance to the output bus.

IN, SOURCE and GATE are protected against reverse
inputs of up to —28V. The negative comparator detects
negative input potentials at SOURGE and quickly connects
GATE to SOURCE, turning off the MOSFET and isolating
the load from the negative input.

For the LTC4372, driving SHDN high pulls the MOSFET
gate down to SOURCE with a 1mA pull-down. Iq reduces
to 0.5pA for a back-to-back MOSFET configuration and
GATE is held low with a 3pA pull-down to GND. When
SHDN goes low, the LTC4372 ramps GATE up to turn on
the external MOSFET. 2UPU has a 2pA pull-up to INTVge
which can be connected to SHDN to facilitate on/off con-
trol by a microcontroller’s open-drain output.

The LTC4373 can monitor the input voltage via an exter-
nal resistive voltage divider to UV. When UV goes below
1.191V, GATE pulls down to SOURCE with a TmA pull-
down and UVOUT pulls low. Iq reduces to 0.5pA for a
back-to-back MOSFET configuration and GATE is held low
with a 3pA pull down to GND. When UV recovers above
Vuv + Vyy(Hysr), the LTG4373 ramps GATE up to turn on
the external MOSFET. An optional resistor can be con-
nected between UV and UVOUT to configure an external
hysteresis to override VyyuysT)-

Rev. A
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LTCA4372/LT1C4373

APPLICATIONS INFORMATION

The LTC4372/LTC4373 operate from 2.5V to 80V and
withstands an absolute maximum range of —28V to 100V
without damage. In automotive applications the LTC4372/
LTC4373 can operate through load dump, cold crank and
two-battery jump starts, and survive reverse battery con-
nections while protecting the load.

A 12V/20A ideal diode application is shown in Figure 2.
The following sections cover power-on, ideal diode oper-
ation, shutdown and various faults that the LTC4372/
LTC4373 detect and act upon.

M1
BSCO26NOBNS5

Viy =12V Vout
Ivl 12V
T 20A
IN  SOURCE  GATE ouT
—L—Cour
—]2UPU LTC4372 T 10uF
GND SHDN INTVge
43723 F02
J— Cl
—— 100nF

Figure 2. 12V/20A Ideal Diode with Reverse Input Protection

Power-On and Ideal Diode Operation

When power is applied, the initial load current flows
through the body diode of the MOSFET M1. When IN
exceeds the UVLO level of 2.1V and SHDN is low or UV is
high, the LTC4372/LTC4373 begin operation. An internal
charge pump asserts a 20pA pull-up on GATE to enhance
the MOSFET. To achieve a low supply current, the LTC4372/
LTC4373 employ a pulsed control style of operation where
the internal charge pump is not always on. Instead, the
charge pump periodically wakes up to recharge GATE after
it droops from leakage to keep AVgp < 30mV. This pulsed
control creates a voltage ripple at OUT even with a stable
DC load. The amplitude of this ripple is dependent on gate
leakage, GATE capacitance, the load condition and the size
of the bypass capacitance at OUT. At low load or no-load
condition, this ripple can increase to 30mVpyk_pk. Figure 3
shows a typical OUT ripple at an ultralight I gap of 1pA
for the circuit shown in Figure 2.

With a moderate DC load, the ripple amplitude is about
10mVpk-pk. Figure 4 shows a typical OUT ripple at a mod-
erate || gpp Of 2A for the circuit shown in Figure 2.

Figure 5 shows a typical OUT ripple at an I gap of 16A for
the circuit shown in Figure 2.
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Figure 3. Regulating AVgp at Low I gpp = 1pA
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Figure 4. Regulating AVgp at Moderate I gap = 2A
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Figure 5. Regulating AVgarg at High I gap = 16A
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LTCA4372/L1C4373

APPLICATIONS INFORMATION

As the load current increases, GATE is driven higher and
higher until a point is reached where AVgarg reaches
the maximum overdrive that the internal charge pump is
capable of (AVgarg(H)) but AVgp is still above 30mV. In
this situation, the internal charge pump will periodically
turn on to recharge GATE as needed to keep AVgate
between AVgarg) and AVgarg(H) — 0.7V. AVgp is then
equal to Rps(on) ® ILoap- There is now insignificant
ripple on OUT as the 0.7Vpk-pk ripple on AVgarg has
little effect on the MOSFET Roy.

Achieving Low Average I

To lower average Iq in diode control mode when GATE
is high, the LTC4372/LTC4373 operate by turning on
the charge pump periodically. When in charge pump
sleep mode, the Iq is 3.5pA. Once the charge pump is
turned on to deliver a current pulse to GATE, Iq goes up
to 300pA. The average |q will depend on how often the
charge pump is turned on and this is affected by GATE
leakage, GATE capacitance, OUT bypass capacitance and
ILoap. To achieve the lowest possible average Ig, mini-
mize GATE leakage and ensure that GATE has a moderate
capacitance (>1nF). If the Cgg of the MOSFET does not
already exceed this, add a 1nF capacitor between GATE
and SOURCE. C gap may be placed nearer to the load but
an OUT bypass capacitance of at least 10pF low ESR and
ESL electrolytic or ceramic is required close to the drain
pin of MOSFET M1 (see Figure 6a). Average lg for Diode
Control mode can be estimated by Equation 1.

| GATE(LEAKAGE)
lgaTE(UP)

The Typical Performance Characteristics section shows
relationship of Iq with Igarg(LeakaGE) and | oD

MOSFET Selection

The LTC4372/LTC4373 drive N-channel MOSFETs to
conduct the load current. The important character-
istics of the MOSFET are the gate threshold voltage
Vgs(th), the maximum drain-source voltage BVpgg and
on-resistance Rps(on)-

AVERAGE g =35+ «3000A (1)

Gate drive is compatible with 4.5V logic-level MOSFETs
over the entire operating range of 2.5V to 80V. In applica-
tions with supply voltages above 5V, standard 10V thresh-
old MOSFETs may be used. An internal clamp limits the
gate drive to 16V maximum between GATE and SOURCE.

The maximum allowable drain-source voltage, BVpgs,
must be higher than the power supply voltage. If the input
is grounded, the full supply voltage will appear across the
MOSFET. If a reverse battery is possible and the output
is held up by a charged capacitor, battery or power sup-
ply, then the sum of the input and output voltages will
appear across the MOSFET and BVpgg must be higher
than Voyt+|Vin|-

The MOSFET's on-resistance, Rps(on), directly affects
the forward voltage drop and power dissipation during a
heavy load. Desired forward voltage drop (Vpyp) should
be less than that of a diode for reduced power dissipa-
tion; 50mV is a good starting point. Since the LTC4372/
LTC4373 drop at least 30mV across the MOSFET, a very
low Rps(on) may be wasted. Choose a MOSFET using
Equation 2.

Vewp
Ros(on) <;
LOAD

(2)

The resulting power dissipation is shown in Equation 3.
Pd = ILoap?* Ros(on) (3)

Input Short-Circuit Faults

Input short-circuits that cause reverse current to flow can
occur in many ways. Some examples include PCB traces
getting accidentally shorted or bypass capacitors in the
upstream power supply failing shorted. The LTC4372/
LTC4373 utilize the external MOSFETSs to add rugged input
short-circuit protection without using large TVS clamps
or capacitors.

Figure 6a models a low impedance input short with a
switch. When the short-circuit switch closes, reverse cur-
rent builds up in Ly, Loyt and M1 in the direction shown.
The LTC4372/LTC4373 detect the reverse current quickly
and activate the internal 130mA GATE to SOURCE pull-
down current to turn M1 off. The reverse current build up
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REVERSE CURRENT

&

Lg Lin Lout GATE, IN
SOURCE INPUT OUTPUT GND IN
PARASITIC PARASITIC PARASITIC 10V/DIV
INDUCTANCE INDUCTANCE M1 INDUCTANCE GND A

: N BSC026N08NS5

INPUT

short | N SOURCE GATE oUT

ViN i_I*_J- l ;TW\‘IVOUT oV U,
A

— LTC4372 —L_Cour
= —— 10pF

GND SHDN

43723 F06a

D4
1N4148W

fRG f (FOR Vi > 13.2V)
T \

(a)

SMAJ33A
(OPTIONAL) L.

GATE

C
LOAD I(M1)

20A/DIV
0A4

43723 FO6b

500ns/DIV

Court = 10uF

(b)

Figure 6. Reverse Recovery Produces Inductive Spikes at IN, SOURCE and OUT. The Polarity of
Inductive Spike is Shown Across Parasitic Inductances

in Ljy and Loyt is interrupted and this causes IN to spike
negative and OUT to spike positive. At OUT, Coyt clamps
the positive going spike caused by Loyt and commutates
I(LoyT) to zero. At IN, the internal GND — GATE clamp
asserts and holds GATE to 32V below GND, this causes M1
to turn back on as IN/SOURCE undershoots below GATE.
The current in Ly is diverted by M1 to Cqyr and safely
commutates to zero as shown in the short-circuit transient
of Figure 6b. If these transients cause too large of a AV at
OUT, increase the capacitance of Coyr or add a TVS D1.

If a low source resistance power supply drives Vi, large
currents can build up in Lg during the short-circuit.
When the short-circuit goes away, |(Lg) can cause IN and
SOURGE to spike positive until it is held by M1 body diode
to Coyr. This fast slew rate at SOURCE can cause a large
shoot-through current to flow into the part from SOURCE
to GND potentially causing damage. Adding an external
Rgnp will limit this current to a safe level.

For applications where IN < 13.2V, a 0805 size 100€2 for
Renp is sufficient. For applications where IN > 13.2V, a
larger value Rgnp, 1k, is necessary. To keep GND from
going too negative when the GND — GATE clamp turns
on, a fast recovery diode like the 1N4148W is placed in
parallel with the 1k Rgnp.

For back-to-back MOSFET applications where SOURCE
is not driven by Viy, Rgnp is not needed. Rgynp can also
be omitted for a single MOSFET application driven by a

power supply with a large source impedance. V,y col-
lapses during the short-circuit and cannot build up cur-
rent in Ls. SOURCE will not see fast slew rates when the
short-circuit goes away.

Using the external MOSFETs to commutate the parasitic
inductor currents during an input short-circuit is feasible
with input voltages up to 33V. This ensures that during
the transient, the IN — OUT Absolute Maximum Voltage of
+100V is not exceeded. During the short-circuit transient,
the MOSFET Vps sees |Vanp|+Veatenes)|+VTHm1)+VouT-
Choose the MOSFET BVpgs accordingly. For other tech-
niques to protect the LTC4372/LTC4373 during input
short-circuits see the Design Examples section.

Reverse Input Protection

Negative voltages at IN can also occur if a battery
is plugged in backwards or a negative supply is inadver-
tently connected. Figure 7 shows the waveforms when the
application circuit in Figure 2 is hot plugged to —24V. Due
to the parasitic inductance in between input and IN/
SOURCE, the voltages at the pins can ring significantly
below —24V. Similar to the input short-circuit situation,
the GND — GATE clamp causes M1 to divert the current
in the parasitic inductances to Coyt. The GND — GATE
clamp limits the maximum DC negative voltage that the
Figure 2 application can handle to —28V.
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1(M1)
2A/DIV

SOURCE
20V/DIV

GATE
20V/DIV

VGATE-SOURCE
10V/DIV

ouT

1V/DIV

43723 FO7

1ps/DIV
Figure 7. LTC4372/LTC4373 Handling Reverse Input

Paralleling Supplies

Multiple LTC4372/LTC4373’s can be used to combine the
outputs of two or more supplies for redundancy or for
droop sharing, as shown in Figure 8. For redundant sup-
plies, the supply with the highest output voltage sources
most or all of the load current. Figure 9a and Figure 9b
show the load transition between the two redundant
power supplies.

Depending on INA and INB’s supply impedances,
slew rates and the transient response of the LTC4372/
LTC4373, atransient reverse current might flow into lower

M1A
INA Si4190ADY

IN SOURCE GATE OUT

U1A
—2UPU 104372

SHDN  INTVgg

L
C
J—C1A ouT

100uF
—— oo | ]

= GND

<P

Ranpa
i1 000
= M1B
INB Si4190ADY

Tl

IN SOURCE GATE OUT

B - ] U1B
2UPU 1704372

GND  SHDN INTVgg

L ¢
—T— 100nF

<; RgNDB 43723 F08

Figure 8. Redundant Power Supplies

INA
5V~
INA, INB
50mV/DIV INg
GATEA GATEB
GATEA,
GATEB
2V/DIV
5V
50mS/D|V 43723 F09a
(a)
I(M1A)
0.5A/DIV

0A -
I(M1B)

0.5A/DIV Mf “]LIU“"U
0A

oo MWWWWM

50mV/DIV

43723 FO9b

50ms/DIV

| GATEA(LEAKAGE)= |GATEB(LEAKAGE) =100nA

(b)

Figure 9. Load Transition of Redundant Power Supplies

supply (INA) from the supply ramping higher (INB). The
reverse current may cause INA to rise, with the amount
of voltage rise dependent on the input supply's imped-
ance. The safest course of action is to use capacitors on
the input supply whose voltage rating is higher than the
highest voltage in the system, or to consider protecting
these capacitors with a TVS, for example.

If the higher supply’s input is shorted to ground while
delivering load current, the flow of current temporarily
reverses and flows backwards through the higher sup-
ply’s MOSFET. The LTC4372/LTC4372 sense this reverse
current and activate a fast pull-down to quickly turn off
the MOSFET.

If all the load current was supplied by the channel that suf-
fered the short, the output will fall until the body diode of the
next MOSFET conducts. Meanwhile, the LTC4372/LTC4372
charge the MOSFET gate with 20pA until the forward drop
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is reduced to 30mV. If this supply was sharing load cur-
rent at the time of the fault, its associated ORing MOSFET
was already servoed to less than 30mV drop. In this case,
the LTC4372/LTC4372 will simply drive the MOSFET gate
higher to maintain a drop of 30mV at full load.

Load sharing can be accomplished if both power sup-
ply output voltages and source impedances are nearly
equal. The 30mV regulation technique allows load sharing
between outputs. The degree of sharing is a function of
MOSFET Rps(on), the source impedance of the supplies
and their initial output voltages.

Using the LTC4372’s SHDN and 2UPU

When SHDN goes high, the LTC4372 enters shutdown
and asserts a 1mA pull-down between GATE and SOURCE
to turn off the external MOSFET. It also turns off most of
the internal circuitry, reducing Ijy to 0.5pA. GATE is held
low with a 3pA pull-down to GND. If IN and SOURCE are
connected together, I = 3.0pA + 0.5pA = 3.5pA.

Shutting down the part does not interrupt forward current
flow as a path is still present through M1’s body diode. A
second MOSFET may be added to block the forward path (see
Figure 10). In this case, GATE and SOURCE are pulled to GND
during shutdown. The 3pA pull-down on GATE is pinched off
and Iq = 0.5pA. With back-to-back MOSFETs, SHDN serves
as an on/off control for the forward path, as well as enabling
the diode function. When SHDN is driven low, the LTC4372
exits shutdown and re-enters ideal diode operation.

M2 M1
Vin BSCO26NOSNS5  BSCO26NOBNS5 ;’%T
24V LT NI . im
D3 T R2 Cour
Y sunssn R1 Lok L T0uF
28V 100 ""N\:L =
c2
10nFI
A =
A gg/'VAJ%A IN SOURCE  GATE ouT
2UPU
LTC4372
SHDN
GND INTVgg
M3 43723 F10
OFF ON‘I BSS138N J— Ct
—— 100nF
e

Figure 10. 24V Load Switch and Ideal Diode with Inrush Control
and Reverse Input Protection

If SHDN is not needed, connect it to GND. SHDN may
be driven with a 3.3V or 5V logic signal. It can also be
driven with an open-drain or collector output with SHDN
tied to 2UPU. 2UPU provides an internal pull up current
of 2uA to INTV¢. For higher pull-up currents, connect a
resistor from SHDN to INTV¢ (capable of supplying up
to 10pA) or IN.

Load Switching and Inrush Control

By adding a second MOSFET as shown in Figure 10, the
LTC4372/LTC4373 can be used to control power flow in
the forward direction while retaining ideal diode behav-
ior in the reverse direction. The body diodes of M1 and
M2 prohibit current flow when the MOSFETSs are off. M1
serves as the ideal diode while M2 acts as a switch to
control forward power flow. ON/OFF control is provided
by SHDN or UV. C2 and R2 may be added to further reduce
inrush current. While C2 and R2 may be omitted if soft
starting is not needed. R1 is necessary to prevent MOSFET
parasitic oscillations and must be placed close to M2.

When SHDN is driven low or UV driven high and
AVpg>30mV, GATE sources 20pA and gradually charges
G2, pulling up both MOSFET gates. M2 operates as a
source follower as shown in Equation 4.

C
lINRUSH= ggT *20pA (4)

If AVpg <30mV, the LTC4372/LTC4373 stay activated but
holds M1 and M2 off until the input exceeds the output by
30mV. In this way normal diode behavior of the circuit is
preserved, but with soft starting when the diode turns on.

When SHDN is driven high or UV driven low, GATE pulls
the MOSFET gates down quickly to SOURCE with a TmA
pull-down. Both forward and reverse paths are cut off and
lq is reduced to 0.5pA.

Configuring LTC4373’s UV and UVOUT for Voltage
Monitoring

With back-to-back MOSFETs, the LTC4373 can imple-
ment voltage monitoring at IN. Connect a resistive voltage
divider between IN and ground to bias UV. UV has a high
to low threshold of 1.191V with 15mV of hysteresis. The
UV hysteresis is around 1.3% referred to Vyy.

Rev. A

14

For more information www.analog.com



LTCA4372/L1C4373

APPLICATIONS INFORMATION

When UV ramps high to low, the LTC4373 enters under-
voltage mode and asserts a 1mA pull-down between GATE
and SOURCE to turn off the external MOSFETSs. It also turns
off most of the internal circuitry, reducing Iq to 0.5pA.
When UV ramps low to high, the LTC4373 exits under-
voltage mode and goes back into ideal diode operation.

Figure 11 demonstrates how UV can be used to monitor
IN. For the UV pin, the maximum input leakage current
is 50nA. For a maximum error of 1% due to leakage cur-
rents, the resistive voltage divider current Iryp should be
at least 100 times the sum of the leakage currents, or SpA.
The IN Undervoltage threshold (VoL ) is used to calculate
the value of R4, R5 and Undervoltage Recovery threshold
(VL on) as shown in Equation 5.

R4+R5
VoL =
HeL = VUV * gy

(5)
R4+R5
Vion = (Vov + Vovrvsty ) ® RA

For applications that require a higher and more accurate
hysteresis, UVOUT can be used to program an external
hysteresis to override the default hysteresis. Comparator
C1inthe Block Diagram controls an internal 140Q switch
pulling down on UVOUT. When UV ramps below 1.191V
and trips C1, the switch pulls UVOUT low. When UV ramps
above 1.191V and un-trips C1, the switch turns off and
UVOUT goes high impedance. By connecting R6 between
UV and UVOUT, R4 and R5 implements Vo and V| op.

g o T o

g T ——10uF

SOURCE  GATE  OUT

R6 LTC4373
(OPTIONAL)

vouT GND

INTVge j

43723 F11 C1
T 100nF
Re

Figure 11. Configuration for Monitoring IN

Obtain R4 and R5 from Equation 5 and calculate R6 using
Equation 6.

R4 +R5
VoL =Wy ® Ra

R5+Rpa
Rpa
R4 «R6
R4 +R6

As long as the external hysteresis to be implemented
exceeds 9% of Vo, Equation 6 can disregard the default
UV hysteresis without affecting accuracy.

With UVOUT connected to the resistive voltage divider, the
leakage current error needs to be re-visited. For the UVOUT
pin, the maximum input leakage current below 85°C is 50nA.
While IN ramps high to low, the resistive voltage divider sees
the leakage currents from both UV and UVOUT. This gives a
total of 100nA of leakage currents. With 5pA through R4 and
RS, this will add 2% inaccuracy to Vo . While IN ramps low
to high, UVOUT is pulled low. The resistive voltage divider
sees only the 50nA of leakage current from UV, With 5pA
through R4 and R5, this will add 1% inaccuracy to V| ou. To
lower the leakage current error, increase Ipyp.

(6)

Vioh=Wyy

where Rpa=R4//R6 =

Layout Considerations

Connect IN, SOURCE and OUT as close as possible to
the MOSFET source and drain pins. Keep the drain and
source traces to the MOSFET wide and short to mini-
mize resistive losses as shown in Figure 12. Place Coyt
close to the drain pin of MOSFET and keep the trace from
LTC4372/LTC4373 GATE pin to MOSFET gate short and
thin to minimize parasitic inductance and capacitance.
This practice will reduce the chance of MOSFET parasitic
oscillations. Place any surge suppressors and necessary
transient protection components close to the LTC4372/
LTC4373 using short lead lengths.

For the DFN package, pin spacing may be a concern at
voltages greater than 30V. Check creepage and clearance
guidelines to determine if this is an issue. To increase the
effective pin spacing between high voltage and ground
pins, leave the exposed pad connection open. Use
no-clean flux to minimize PCB contamination.
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Figure 12. Layout, MS8 and DD8 Package

Design Examples

The following design example demonstrates the consid-
erations involved in selecting components for a 12V sys-
tem with 20A maximum load current (see Figure 2). First,
choose the N-channel MOSFET. The 80V BSC026N08NS5
with Rps(on) = 2.6mQ(max) offers a good solution. The
maximum voltage drop across is:

AVgp = 20A « 2.6mQ = 52mV
The maximum power dissipation in the MOSFET is:
P=20A*52mV =1.04W

During input short-circuit voltage transients, using the
GND — GATE clamp to hold GATE should keep IN, SOURCE,
GATE and OUT within their Absolute Maximum Ratings. If
there is a problem with SOURCE to GND shoot through
current during input short-circuits, add a Rgyp of 100Q.

Figure 13 shows a high voltage application. For the 48V
system, using the GND — GATE clamp to hold GATE during
input short-circuit voltage transients can exceed IN — OUT’s
—100V absolute maximum voltage. D2 is added between IN

and ground to clamp IN and SOURCE when they spike neg-
ative. During the input short-circuit transient, D2 diverts the
reverse recovery current in the input parasitic inductances
to ground while Cqyt does the same for the output para-
sitic inductances. The 100V, FDMS86101 with Rpg(on) =
8mg(max) can handle both the 5A load current as well as
the input short-circuit voltage transients.

M1

43723 F13

Viy = 48V FDMS86101 Vour
' g7 S
5A
T
IN SOURCE GATE  OUT
D2 Court
SMAJTOA _fo o) LTC4372 —— 10pF
70V
GND SHDN  INTVgg
e
—T 100nF
< Rsnp
{w
-

Figure 13. 48V Ideal Diode without Reverse Input Protection

Figure 14 shows a high voltage application with reverse
battery protection. To handle a potential worst-case
situation of —48V at the input side and 48V at the out-
put side, the BVpgg of the external MOSFET must be
greater than 48V + 48V = 96V with allowance. Choose
the 200V, IPB107N20N3G in the TO-263 package with
Ros(on) = 10.7mQ(max).

When IN is =48V and OUTPUT is 48V, D3 breaks down
and clamps IN — GND at about —6V. The MOSFET s held
off and isolates the load from the negative input. D1 and
R7 clamps OUT — GND to about 70V. The combination of
D1, D2, D3 and R7 clamps IN — OUT to about 76V.

During an input short-circuit, M1 drain spikes positive
and IN spikes negative. D2, D3 and D4 commutates the
reverse recovery current in the input parasitic inductances
while Coyt does the same for the output parasitic induc-
tances. D1, D2, D3, D4, R7 and R8 clamp IN, SOURCE,
OUT and GND to within their Absolute Maximum Ratings.

During normal ideal diode operation with GATE high, D4,
C3 and C4 help to handle Iq pulsating between 300pA
(charging GATE) and 3.5pA (charge pump sleep mode)
while D1, D2 and D3 draw no current.
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Figure 14. 48V Ideal Diode with Reverse Input Protection
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Figure 15. Micropower 12V Surge Stopper with Ideal Diode
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Figure 16. 12V Ideal Diode with Shutdown I of 0.5pA (Nominal)
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DD Package
8-Lead Plastic DFN (3mm x 3mm)
(Reference LTC DWG # 05-08-1698 Rev C)
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MS8 Package
8-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1660 Rev G)
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Figure 17. 28V Supply with Voltage Monitoring and Backup Channel

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LTC4352 Ideal Diode Gontroller Controls N-Channel MOSFET, OV to 18V Operation

L TC4353 Dual Ideal Diode Controller Controls Two N-Channel MOSFETs, OV to 18V Operation

LTC4355 High Voltage Diode-OR Controller and Monitor Controls Two N-Channel MOSFETs, 0.4ps Turn-Off, 80V Operation
LTC4357 High Voltage Ideal Diode Controller Controls N-Channel MOSFET, 0.5us Turn-Off, 80V Operation

LTC4358 5A Ideal Diode Internal N-Channel MOSFET, 9V to 26.5V Operation

LTC4359 Ideal Diode Controller with Reverse Input Protection Controls N-Channel MOSFET; 4V to 80V Operation, —40V Reverse Input
LTC4364 Surge Stopper with Ideal Diode 4V to 80V Qperation, -40V Reverse Input, —20V Reverse Output
LTC4371 Dual Negative Voltage Ideal Diode-OR Controller and Monitor | Controls Two MOSFETs, 220ns Turn-0ff, Withstands > +300V Transients
LTC4376 7A ldeal Diode with Reverse Input Protection Internal N-Channel MOSFET, 4V to 40V Operation, —40V Reverse Input
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