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LTCA4249

65V Duul Electronic Circuit
Breuker with Current Monitors

FEATURES DESCRIPTION

® High Voltage Dual SPST, Current Sharing Allowed The LTC®4249 dual electronic circuit breaker (ECB) pro-
® 5% Accurate Analog Current Monitor Outputs vides independent overcurrent protection to a pair of
m Adjustable Circuit Breaker Thresholds to 1.2A loads. Each channel has a precision enable input, current
m Filtered (50ps) Primary OC Threshold monitor output and ready status output. A single resistor
® Fast (2pus) Secondary OC Threshold configures the ECB threshold. If either channel detects an
® 75mQ Integrated Switches overcurrent condition, the corresponding breaker discon-
® Automatic Inrush Control nects the input from the load.

: g?:cﬁzglﬁcgﬁtaﬁ{gﬁﬂﬁg After a circuit breaker event, the open-drain RDY status
= Open-Drain. Read %tatus Outouts output pulls low and the ECB latches off. Toggling the
. p ’ y p enable input turns the ECB back on after a 1 second cool-

16-Lead 3mm x 3mm LQFN and 12-Lead (Skipped

Lead) 3mm x 4mm LOFN off period. An infinite retry option(-2) is also available.

The cool-off timer, overtemperature sensor, short-circuit
detector and inrush controller prevent operation outside

APPLICATIONS the safe operating area of the circuit breakers.
® 5G mMIMO PA Array Protection Precision enable inputs, ready outputs and analog current
® |ndustrial Safety monitor outputs permit voltage sequencing and closed
® Condition Monitoring loop bias current control applications. ECB channels may
® Relay Replacement be paralleled as needed. Load isolation and reverse cur-
® | oad Switching rent detection applications are also possible.
All registered trademarks and trademarks are the property of their respective owners.
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LTCA4249

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2, 3, 4)

Input Voltages Input Currents
INT, IN2.coeeeeeeeee e -0.3Vto 72V INT, IN2.e.oeeeeeeeceeeee e 3A
EN1, EN2 (Note 5)...coovevviei, -0.3Vto 5.5V  Output Currents
Output Voltages OUTT, OUT 2. -3A
OUTT, OUT2...eeeeeeeeeeeeeee e -0.3Vto 72V RDY1, RDY2 ... 10mA
RDY1, RDY2......oooeeeeeeeeeeeeeeee, -0.3Vto 5.5V IMONT, IMONZ.......ooeieieeeeeecceeeceeen -1mA
IMONT, IMON2......coveveeiieeeeeeee -0.3Vto 2.7V Operating Junction Temperature Range
INTVGG cvevereeeereeieieeece e -0.3Vto 5.5V LTC4249A ..o -40°C to 125°C
Storage Temperature Range .................. -65°C to 150°C
PIN CONFIGURATION
TOP VIEW
TOP VIEW = %
=z 55 2 07,
RIS
ENt [10) L (12] Rov1 EN1 ;2;:’ r/—_____l ‘:;5; RDY1
mont [20) | 4 i Q] nmvee MoNt 3 5 Lo (4] Vg
monz [30 | SN | (ol eno monz [ 1 SN0 (d5) ano
ez [0 e | 3] rove e 5 Lo______ (32| rove
(s {6} (71 (s - -
8 g 7 0]
LQFN PACKAGE = 'é
16-LEAD (3mm x 3mm x 0.95mm) LQFN PACKAGE
0yc = 10°C/W, 65 = 40°C/W 20(12)-LEAD (3mm x 4mm x 0.95mm)
EXPOSED PAD (PIN 17) IS GND, CONNECT TO PCB THERMAL PLANE 0y = 10°C/W, 64 = 40°C/W
EXPOSED PAD (PIN 21) IS GND, CONNECT TO PCB THERMAL PLANE.
INCREASED SPACING TO IN AND OUT FOR HIGH VOLTAGE CLEARANCE

ORDER INFORMATION
TRAY PART MARKING | PACKAGE DESCRIPTION FAULT RESPONSE | TEMPERATURE RANGE
LTC4249AV-1#PBF LHMZ 16-Lead (3mm x 3mm x 0.95mm) LQFN Package Latch Off -40°C to 125°C
LTC4249AV2-1#PBF | 4249 20(12)-Lead (3mm x 4mm x 0.95mm) LQFN Package Latch Off -40°C to 125°C
LTC4249AV-2#PBF LHRY 16-Lead (3mm x 3mm x 0.95mm) LQFN Package Auto Retry -40°C to 125°C
LTC4249AV2-2#PBF | 42492 20(12)-Lead (3mm x 4mm x 0.95mm) LQFN Package Auto Retry —-40°C to 125°C
Contact the factory for parts specified with wider operating temperature ranges.
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LTCA4249

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

range, otherwise specifications are at Ty = 25°C. Vy1 = Viy2 = 52V and Ryyon = 10k unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Channel Inputs (IN1, IN2)
Vin IN1 Operating Range ) 6 65 v
Ving IN2 Operating Range Ving = 6V ) 1.5 65 v
Imax IN1, IN2 Maximum Steady State ECB Current 1.2 A
T IN1 Input Supply Current louti = lout2 = 0A; EN1 = EN2 = 3.3V ® 1 1.5 mA
loutt = lout2 = 0A; EN1 =EN2 = GND ® 0.6 0.8 mA
lin2 IN2 Input Supply Current lout2 = 0A, EN2 = 3.3V ® 20 28 HA
louT2 = 0A, EN2 = GND () 0.5 3 HA
Ron ECB On-Resistance lour=-1A ° 50 75 150 me
Ronm ECB Channel to Channel Roy Matching lour=-1A ) +1 +4 %
Channel Qutputs (OUT1, OUT2)
loL ECB Turn-On Inrush Current Cout = 100pF e | 08 -1 -1.2 A
toL Inrush Current Limited Operating Time ® 8 10 12 ms
Vs Short-Gircuit Comparator Threshold e | 114 1.2 1.26 v
tsc Short-Circuit Evaluation Delay EN rising to short-circuit fault ) 240 300 360 Hs
Current Monitor and Electronic Circuit Breaker (ECB) Thresholds (IMON1, IMON2)
Gimon IMON Gain lour =—-30mAto —1.2A ° 95 100 105 HA/A
log IMON Offset Current lout = -30mA +1 HA
Vimon IMON Qutput Voltage lour=-1A ° 950 1000 1050 mV
Iacc IMON Qutput Current Accuracy lour=-1A o 5 %
lour =—-1A, Ta=25°C +2 %
VEcB1 Vimon at Primary ECB Threshold e | 117 1.20 1.23 v
Vacct Primary ECB Accuracy ) 2.5 %
VEcs?2 Vimon at Secondary ECB Threshold ® 2.28 2.40 2.52 v
Vacc2 Secondary ECB Accuracy ) +5 %
toct ECB Response Time to Primary 0C Step lgyt from —1.15A to —1.25A; measure | ® 30 50 70 Hs
time from step to RDY Low
toco ECB Response Time to Secondary OC Step lgyt from —0.5A to —2.5A;
measure time from step to RDY Low
Ta>0°C 2 4 Hs
Ta<0°C 4 18 Us
Enable Inputs (EN1, EN2)
VENTH EN Rising Threshold ° 780 800 820 mV
Vennys | EN Threshold Hysteresis EN Falling 35 mV
tENMIN Minimum EN Input Pulse Width ) 10 Hs
Rev. A
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LTCA4249
GLGCTBKHL CHHBHCTEBISTICS The e denotes specifications that apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. Vy1 = V2 = 52V and Ryyon = 10k unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Ready Outputs (RDY1 and RDY2)

VoL Output Low Voltage IrRpy = 3mA o 50 150 mV
loH Open-Drain Output High Leakage Current RDY =5V ) 1 HA
tcooL ECB Cool-Down Time after Fault EN toggled low to high after Fault or Time ® 0.8 1 1.2 S

to Auto Retry after Fault
INTV¢c Output
Vecor | INTVg Operating Range Decoupled with 0.1pF to GND o | 37 42 47 v

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 pins are positive; all voltages are referenced to
GND unless otherwise noted.
Note 3: The LTC4249 is tested under pulsed load conditions such that
Ty = Ta. The junction temperature (T in °C) is calculated from the ambient
temperature (T in °C) and power dissipation (Pp in Watts) according to
the formula:

Ty=Ta+ (Pp® 0yn).

Note 4: The LTC4249 includes overtemperature protection that is intended
to protect the device during momentary overload conditions. Junction
temperature will exceed 150°C when overtemperature protection is active.
Continuous operation above the specified maximum operating junction
temperature may impair device reliability.

Note 5: These pins can be pulled below —0.3V through a resistor that limits
the current below 1mA.
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TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

EN1, EN2: Enable Inputs. Pulling EN high turns on the
ECB and connects IN to OUT. Pulling EN low turns off the
ECB and disconnects IN from OUT. Toggling EN resets the
ECB when in a latched off condition.

Exposed Pad: Exposed thermal pad. The exposed pad is
internally connected to ground and provides an optimal
path for heat removal. Connect the exposed pad to a PCB
ground plane for enhanced thermal performance.

GND: Device Ground.

IMON1, IMON2: Analog Current Monitor Outputs. A resis-
tor from IMON to GND converts the scaled down output
current to a voltage. The ECB turns off if the voltage on
IMON exceeds 1.20V (primary OC threshold).

In the case of severe overcurrent, the ECB quickly turns
off if the voltage on IMON exceeds 2.4V (fast secondary
0C threshold).

The IMON outputs do not source current when RDY is low.

Connect IMON to ground if unused. Use caution when
grounding IMON because the primary and secondary
OC comparators will not function. However, short-circuit
(OUT < 1.2V) and overtemperature conditions are still
detected and turn off the ECB.

IN1, IN2: ECB Inputs. Both circuit breakers operate inde-
pendently. However, IN1 is used to bias an internal low
voltage bias supply rail. Therefore, IN2 cannot be used
without IN1 > 6V. A special 5V ONLY application is dis-
cussed in the Applications Information section.

A 1pF (or greater) bypass capacitor is recommended. A
low impedance layout should be used between the input
power supply and the IN1, IN2 inputs. Trace inductance
should be kept below 400nH to minimize dissipated
energy after short-circuit events.

INTV¢c: Internal Operating Supply. INTV g is used to bias
internal circuitry. INTV¢g is generated by an internal regu-
lator from IN1. A 0.01pF (or greater) bypass capacitor is
recommended.

INTVgc should not be driven or loaded with external
circuitry. However, a special 5V ONLY application is dis-
cussed in the Applications Information section.

0UT1, OUT2: ECB Outputs. When enabled, OUT is con-
nected to IN through a high voltage N-channel MOSFET.
Maximum recommended steady state current is 1.2A per
channel. ECBs may be paralleled for higher current loads.
See Applications Information for more details.

Alow impedance layout should be used between the load
and the OUT1, OUT2 outputs. Trace inductance should
be kept below 400nH to minimize dissipated energy after
short-circuit events. Maximum capacitance at OUT is lim-
ited to 100pF.

RDY1, RDY2: Ready Outputs. RDY pulls low when EN
is low or after an ECB fault. After a channel is enabled,
RDY outputs remain low until the current limited operat-
ing phase is complete (10ms nominal). After the current
limited operating phase, RDY outputs release and may
be used to enable subsequent functions. For example,
RF Power Amplifier gate bias may be applied after RDY
is released.

Leave RDY open or connected to ground if unused.
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BLOCK DIRGRAMS
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OPERATION

The LTC4249 is a two channel 65V electronic circuit
breaker (ECB) with current monitoring outputs. Circuit
breaker input IN1 has a 6V to 65V voltage input range
and provides internal operating bias for the LTC4249. IN2
input range is 1.5V to 65V when IN1 is biased. Load cir-
cuits typically connect to OUT. The circuit breakers close
when EN is high and open when EN is low. The ready
(RDY) outputs pull low when the ECBs are off and are
released when ECBs are on.

When RDY is released, an accurate scaled replica of the
output load current is sourced from the IMON outputs. A
resistor connected from IMON to GND converts the scaled
current to a voltage. If the IMON voltage exceeds 1.2V,
an overcurrent fault is deemed to exist; the ECB turns off
and RDY pulls low.

Each enable input is compared to an internal 0.8V refer-
ence to enable or disable its respective channel. While
a standard GPIO can be used to drive these inputs, the
precision reference allows an external resistive divider to
be used as an adjustable UVLO (undervoltage lockout)
based on the applied input voltage. If the applied voltage
falls below the EN falling threshold, the circuit breaker
turns off. See the Applications Information for examples.

When initially enabled, the ECB enters a current limited
operating phase, limiting inrush current without the

need for external components. During the current lim-
ited operating phase, OUT is charged with a 1A current
source for 10ms. Maximum allowable OUT capacitance
is 100pF. If OUT fails to charge beyond 1.2V in the first
300ps after enable, the output is deemed shorted and the
circuit breaker turns off. At the successful conclusion of
the current limited operating phase, the ECB enters low
Ron operation (75mg typical).

At this point, the analog current monitor function begins
to source current to the IMON output. The 5% accurate
current monitor produces 100pA/A of output load current,
useful for closed loop load bias control or monitoring
(see Applications Information for details). Internally, two
comparators with different thresholds sense the voltage
developed on the IMON output. The primary threshold
comparator has a 1.2V threshold. It contains built-in filter-
ing to remove glitches which could cause chatter near the
primary threshold. The filter characteristic is shown in the
Applications Information. The secondary comparator has
a 2.4V threshold with a 2ps response time, to quickly open
the ECB in situations with large overcurrent.

Overcurrent (Viyon > 1.2V) or short-circuit (OUT < 1.2V)
faults latch the circuit breaker off. Toggling EN clears the
latch and turns the circuit breaker on. After an overtem-
perture fault, both channels turn off. The enables must
be toggled in order to turn the respective ECBs back on.
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APPLICATIONS INFORMATION

The LTC4249 finds great utility in RF Power Amplifier (PA)
and industrial safety applications. Massive MIMO arrays
with defective elements can be automatically isolated from
acommon power bus, preventing unwanted bus loading.
The LTC4249 provides two 65V electronic circuit breakers
with built-in protection and current monitoring circuitry.
Enable (EN) inputs and ready (RDY) outputs make bias
sequencing applications painless.

Short-circuit protection and automatic inrush control
requires no external components. Overcurrent (OC)
threshold accuracy (+5%) minimizes over-design of input
power supplies.

Precise enable input and current monitor thresholds allow
undervoltage (UV), overvoltage (OV), overcurrent (OC)
and short-circuit (SC) detection and protection. Back-to-
back connections of the ECBs permit reverse OC pro-
tection and isolation applications. Each OC threshold is
configured with a single resistor.

ECB channels may be paralleled for load current sharing.
A skipped lead package option is available for high volt-
age spacing requirements. An integrated backside thermal
pad for printed circuit board design allows high ambient
temperature and high current applications.

Enabling an ECB Channel

An input logic signal from a controller may be used to
enable a circuit breaker channel. The EN input threshold
is 0.8V, which accommodates low-voltage logic opera-
tion and/or resistively configured undervoltage lockout.
Figure 1 shows a simplified enable application using a
microcontroller open-drain output and an opto-isolator.
The ECBs turn on when the switches release pull down
on the EN inputs. The resistors at the EN inputs provide
pull-up capability and keep the maximum voltage at EN
below the absolute maximum of 5.5V.

IN1 OUTH
ill TTOLOAD
T 2
22uF
RDY1 f— j::
Rimon1
10k
IMON1
- L LTC4249 Rimonz =
EN2 = 10k
IMON2 —MWA—
:‘ """ z EN2 RDY2 f—
w1 S
:_%____ g% e T our2|
B INTVgg GND
I o2 J_4249F01
1.5 —————— T Ow = SOME CONNECTIONS
— OMITTED FOR CLARITY

Figure 1. Switch Based Enable

Because the EN input threshold is +2.5% accurate over
temperature, a resistive divider can be connected to EN
and a power supply, to form a voltage based enable with
undervoltage (UV) lockout. If the monitored voltage is too
low, the ECB channel is disabled.

Figure 2 demonstrates a voltage based enable using exter-
nal 1% tolerance resistors. The desired UV threshold is
10.8V. The application assumes that the monitored supply
is nominally 12V.

IN1 ouTt
12V * f' ——¢———>T0Lw
R1 Ly o
100k T 22UF
ENT RDY1 }— j::
5 Rimon
8.06k o
— IMONT —MA—]
UV THRESHOLD LTC4249 1onz |— =
RISING = 10.73V
UV THRESHOLD
FALLING = 10.26V EN2 RDY2 }—
N2 T% our2|
- INTVge GND
I C2 J_ 4249 F02
T %" T SoME CONNECTIONS

OMITTED FOR CI ARITY

Figure 2. Voltage Based Enable with
Undervoltage Lockout and Hysteresis
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APPLICATIONS INFORMATION

With an internal 0.8V EN threshold, and a desired 10.8V
UV threshold, R1 may be easily determined by specifying
the desired resistive divider load current. Picking 100pA
as a starting point, the relationship for R1 is:
I:{1=10.8V—0.8V
100pA

R2 is determined by dividing the 0.8V EN threshold by the
divider load current:

_ 0.8V
100pA

=100k

R2 8kQ

The closest standard 1% resistor is 8.06k. The resistor
difference will not cause much error in the UV threshold
(10.73V).

To prevent ECB chattering due to a noisy monitored volt-
age, the 0.8V EN threshold has 35mV falling hysteresis.
The supply referred hysteresis is simply related to the
resistive divider gain:

Falling Hysteresis= 35mVo(1+%)
=469mV

Therefore, for the application in Figure 2, after the moni-
tored supply rises above 10.73V, the falling UV threshold
drops to 10.26V. If the monitored supply is below the
configured UV threshold the ECB channel is turned off.

Automatic Inrush Control

The LTC4249 is designed to control the inrush current
upon enabling an ECB channel. For the first 10ms, out-
put loads are charged at 1A. Maximum capacitive load is
100pF. At 100pF, the output charges at 10V/ms. When
operating at the maximum input supply of 65V, a 100puF
capacitor charges in 6.5ms, and is safely below the 10ms
charge time. Figure 3 demonstrates output charging at
maximum operating voltage and capacitive load.

OUT Charging 100pF (IN = 65V)

EN
5V/DIV- ....,___.I
ouT /
50V/DIV |
RDY
5V/DIV_

4249 F03

5ms/DIV

Figure 3. Output Charging at Initial Turn-On

Attempting to charge a large capacitance quickly requires
large currents. Without inrush control, the safe operating
area of the ECB would be exceeded. Furthermore, without
inrush control, voltage sag on the input supply could be
severe, causing brown-outs or system resets.

All LTC4249 applications require that the ECB output be
fully charged (Vout = V)n) within 10ms. After the 10ms
current limited operating phase (tg(), the ECB turns on
fully to its rated 75mgQ on-resistance. At this point, over-
current protection becomes active and the RDY output
is released.

Voltage or Capacitance Start-Up Derating at High
Ambient Temperature

The LTC4249 is designed to prevent operation outside
its Safe Operating Area (SOA). Maximum power dissipa-
tion occurs when starting both ECB channels simulta-
neously. During the inrush portion of operation, with an
ambient temperature above 90°C, junction temperature
may briefly exceed the thermal shutdown threshold above
150°C, depending on input voltage and output capaci-
tance. Exceeding the thermal shutdown threshold causes
the ECBs to safely latch off. Toggling the enable inputs
allows the ECBs to turn back on.

Figure 4 shows the allowable operating time at a given
power dissipation before reaching thermal shutdown.
Operating to the left of the curves prevents thermal shut-
down. After inrush, typical power dissipation drops below
0.5W, which keeps the junction temperature far below
thermal shutdown.
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APPLICATIONS INFORMATION

Thermal Shutdown Time
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Figure 4. Thermal Shutdown Time vs Power Dissipation

Figure 5 provides temperature derating information for
input voltage and output capacitance during the inrush
portion of operation. If the output capacitance is 47pF (or
less), 65V operation is possible at any allowed ambient
temperature. At 100pF, input voltage should be reduced
by —375mV/°C, starting at 90°C ambient. Connecting the
exposed back pad to a ground plane is recommended for
heat removal.

Start-Up Voltage Derating vs
Ambient Temperature and Capacitor Load
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Figure 5. High Temperature Start-Up Derating

Short-Circuit Protection

During the first 300ps of the 10ms current limited operat-
ing phase, the OUT voltage is monitored for voltage rise.

If the OUT voltage does not exceed 1.2V at the 300ps time
point, OUT is considered shorted and the ECB turns off.

At the conclusion of the 10ms current limited operating
phase, the short-circuit logic is inverted. If OUT should
fall below 1.2V, OUT is again considered shorted and the
ECB turns off. The short-circuit comparator response time
is typically 2ps for 50mV overdrive.

An important applications consideration under a short-
circuit event is the amount of inductance between the ECB
outputs and the load. An antenna array with multiple RF
PAs could have inches of trace inductance between the
ECB channel outputs and each PA. It is recommended to
keep load path inductance below 400nH.

When the ECB is on and the load end is shorted through
an inductance as shown in Figure 6, the ECB current
increases rapidly. Peak current is a function of the out-
put voltage, trace inductance and the time to turn off the
ECB. The secondary OC and short-circuit comparators
have limited bandwidth (about 2us response time) and
are not sufficiently fast enough to limit the current build
up to typical OC setpoints under an inductive hard short.
However, the ECB controller itself does have limited cur-
rent compliance, allowing the OUT voltage to fall, keep-
ing the ECB inside its safe operating area. After reaching
peak current, the ECB dissipates the inductor energy and
turns off. The integrated protections eliminate the need
for large high-power and high-voltage Schottky diodes
at the OUT pin.

LTC4249 TRACE INDUCTANCE Vi
IN ouTt (<12") DRAIN
o—70 P P
< ; ) SHORT- >
4249 FOB ClRCUlT é I

Figure 6. Load Short with Inductance

The input voltage side of the ECB should also have low
inductance. For array applications, a large low impedance
layout is recommended for input voltage distribution. It is
recommended to keep the input supply path inductance
below 400nH. A 1pF (or greater) bypass capacitor placed
close to the IN inputs and ground is recommended.
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Applying the RDY Output

The RDY open-drain output is released and allowed to pull
high when the ECB is fully turned on and OUT is “ready”
for application. In a RF PA circuit, with OUT connected to
the PA drain, RDY may be used to enable PA gate bias.
RDY pulls low when EN is low and/or when fault events
such as overcurrent, short-circuit or thermal shutdown
conditions have occurred.

Figure 7 shows a typical RDY response to EN and subse-
quent overcurrent fault. RDY may be pulled up as high as
5.5V, by an external source. Resistors in the range of 1k to
10k are recommended. RDY may also be used to enable
other downstream loads such as DC/DC converters.

s ||

ouT / .,
20V/DIV
RDY

5V/DIV |

IMON ‘._@e OVERCURRENT EVENT
2A/DIV-

4249 FO7

10ms/DIV

Figure 7. Typical RDY Response

Configuring Overcurrent (OC) Thresholds

Overcurrent thresholds are easily configured with a sin-
gle resistor (Rypmon) from IMON to GND. IMON sources
100pA/A of ECB current. The primary (filtered) OC voltage
threshold at the IMON output is 1.2V. Ryyon is simply
determined from:

1.2V

R||V|0N = | o] 0,000

ECB

where |ggg is the desired circuit breaker threshold in
amperes. For a 1.2A circuit breaker threshold, Ryyon is
10k<. Larger values of Ryyon Yield lower circuit breaker
thresholds. The secondary (fast) OC threshold is always
twice the configured primary OC threshold.

The primary OC threshold is filtered to remove small
fluctuations which allows the ECB to operate at currents
near the OC threshold. In order to trip the primary OC
comparator, the 1.2V threshold must be overdriven with
requisite magnitude and duration. The typical overdrive
versus time characteristic for the primary OC comparator
is shown in Figure 8.

Primary Comparator
Response vs Overdrive

500

N ECB TURNS OFF ABOVE CURVE
100

toct (Hs)
/7

10 =

ECB REMAINS ON BELOW CURVE |
1 LA LTI
0.01 0.1 1
PRIMARY COMPARATOR OVERDRIVE (V)

4249 FO8

2

Figure 8. Primary 0C Comparator Filter Characteristic

The secondary OC threshold comparator does not have
added filtering and has a 2ps (typical) response time when
the 2.4V IMON threshold has been exceeded.

External filtering of the IMON output voltage to achieve
added ECB delay or noise rejection can be performed by
adding a capacitor Cyyoy in parallel with Ryyon. A pole
will be formed by the RC combination.

Monitoring ECB Current

The IMON output current provides an accurate scaled
replica (100pA/A) of the OUT current. The IMON output
current is 5% accurate (30mA to 1.2A) over temperature
(Figure 9). Note that excellent accuracy is maintained even
at ECB currents below 30mA. The IMON accuracy reduces
the need to over design the input power supply current
capability due to the low variability in ECB threshold.
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IMON Gain and Error

110 10
108 8
106 \ 6
2104 \ 4 =
ERI) = 2 2
=10 NN =
= T L 3
= 100 0 =
e S
é 98 -2 z
= % -4 =
9% -6
92 -8
92 -10
0.01 0.1 12

LOAD CURRENT (A)

4249 F09

Figure 9. Typical IMON Gain vs Load Current

The IMON output has the bandwidth to follow ECB cur-
rents to approximately 50kHz. The bandwidth is a func-
tion of load capacitance at OUT and any capacitance at
the IMON output. Figure 10 shows how the IMON output
voltage follows a step change in ECB current from 0.5A to
1A. OUT capacitance is 100pF and no explicit capacitance
was added to IMON.

ECB CURRENT
500mA/DIV

1A
____j | oz ||
1v
IMON VOLTAGE ...._J L..Qi\’jv L__.

500mV/DIV

4249 F10

2ms/DIV

Figure 10. IMON Step Response (Cqyt = 100pF, Rimon = 10kQ)

In applications where ECB current information must be
captured, the scaled ECB current history can be stored in
external memory by digitizing the IMON voltage with an
analog to digital converter.

Load Current Servo Control

In RF PA applications, the IMON voltage may be compared
to a reference and a control loop can servo the PA gate
bias to control drain bias current. The front-page applica-
tion schematic demonstrates how PA BIAS current can be

controlled by a DAC. PA Vgg threshold variations due to
process and temperature are overcome with servo con-
trol, making individual bias trims obsolete.

In the front-page application, the input supply (28V) at
IN1 passes to the RF PA Vpp when the voltage at EN1
exceeds 0.8V. Resistors R1 and R2 are chosen to provide
an under-voltage (UV) threshold of 24.88V and 1.09V of
falling hysteresis. Below threshold, RDY1 is low and the
op amp is in shutdown. With the op amp in shutdown,
the RF PA Vgg is pulled to the negative potential (-5V)
through ROFF and the PA is off.

When the 28V input exceeds the UV threshold, the PA Vpp
voltage ramps to the IN1 potential. RDY1 pulls high after
10ms and the op amp becomes active. At this point, the
op amp drives the RF PA Vgg to the potential that forces
the PA BIAS current to track the controlling input at the op
amp non-inverting terminal. For example, if the control-
ling input is 1V, the PA Vg bias moves to force the PA
BIAS current to 1A.

If the PA BIAS current exceeds 1.2A, the ECB disconnects
the Vpp bias and the RDY1 output pulls low. With RDY1
low, the op amp is in shutdown and the PA Vg bias pulls
to the negative rail.

For most closed loop applications, loop stability is
achieved with integrating capacitor Cr. In situations where
Cour is greater than 10pF, an additional resistor/capacitor
combination may be needed for lead-lag compensation.
A generalized compensation methodology is described
below.

Loop Analysis

The front page schematic loop elements are extracted
and shown in Figure 11. Various important quantities are
defined here:

* V/g: the controlling input at the non-inverting terminal
of the op amp

* Roy: the ECB on-resistance (75mQ)
* Goyr: the PA Vpp drain capacitance (10pF)

e GM: the LTC4249 current monitor transconductance
(1.33 mAN)
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* Ry the IMON sense and overcurrent setpoint resistor
(10kQ2)

 Cr: the feedback capacitance used to provide a stable
loop (330pF)

* Rg: resistance to limit op amp overshoot due to PA
input capacitance (100Q)

* Gg: PAinput capacitance (150pF)

LTC4249
Ron

A 8- o

IN y |
g Cour I l'om

28V oM

B 4249 F11 |

Figure 11. PA Servo Loop Components

It is important to understand how the loop components
affect stability and the closed loop response lgyt/Ve.

The LTC4249 current monitor GM and Ry, components
may be converted to a Thevenin equivalent. Cr is tem-
porarily removed for analysis. GMpy is the PA transcon-
ductance. The loop is transformed to a block diagram
equivalent in Figure 12, where A(s) is the op amp open
loop transfer function and the canonical G(s) and H(s)
blocks are outlined.

lout

4249 F12

1
1
Ron '
1
1
1
1

Figure 12. Servo Loop Block Diagram without C¢

Figure 13 shows the magnitude and phase of the uncom-
pensated loop gain G(S)H(s). It is easy to see inadequate
phase margin (~0°) at the crossover frequency. The
region near crossover consists of multiple deleterious
poles including contributions from Rqy ® Cout, Rg ® Cg
and high frequency op amp poles.

80 ——g : : 0
N —— LOOP GAIN
N\ — — PHASE
60 \
\ 45
_ \
o0
=@ N B
= AN =
S ~ CROSSOVER [ —90 &
S 4 N, | =
S \ \
\ -135
0 \ \
\
N\
N -180

-20
100 1k 10k 100k M 10M

FREQUENCY (Hz)

4249 F13

Figure 13. Uncompensated Loop Gain and Phase

Crossing the system over at a lower frequency can help
achieve loop stability. This is easily done by adding feed-
back elements around the op amp. If we add a generalized
feedback impedance Zg around the op amp, the loop can
be stabilized and sensitivity to the op amp transfer func-
tion can be eliminated. Figure 14 shows the block diagram
with Zp added.

Yy
A
[<p]
=
o
>

1 1
1 1
1 | Ru+Zf Vo 1 Ve | | lour
1 i
1 1
1 1
1 1

Vi

Ron
(s*Ron*Cour+1)

1
1
1
1
1 4249 F14
1

1

Figure 14. Servo Loop Block Diagram with
Generalized Impedance Zg around Op Amp

With Zg = 1/sCf, the crossover frequency is lower
(~10kHz) and phase margin improves to almost 90° as
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shown in Figure 15. Step response as shown on the front
page is clean with a rise time of about 10ps.

80 T T
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]
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(o) ISYHd

N

CROSSOVER ]

LOOP GAIN (dB)

n
o

-135

-180
1 10 100 1k 10k 100k
FREQUENCY (Hz)

4249 F15

Figure 15. Compensated Loop Gain and Phase

(Zr = 1/sCf, Cg = 330pF)
When Cqyr is large (closer to 100pF), phase margin may
be lower compared to the 10pF example. With large Cqyr,
another loop term should be considered for its phase
margin impact. During step changes in load current, the
LTC4249 current monitor output lags load current briefly.
Transport lag results in phase erosion that is a function of
frequency but does not impact the loop gain magnitude.
The phase erosion is equal to 360° e fe T where T = 2ys.
At the crossover frequency f = 10kHz, phase margin loss
due to transport lag is —7.2°.

In a low phase margin situation, a lead-lag network may
be required to control the step response. Adding a resis-
tor (Rz) in series with Cr provides a leading zero and a
small capacitor (Cp) around Rz provides a lagging pole
to restore high frequency roll-off (Figure 16). For analysis
purposes, simply condense the compensation network
around the op amp into a Zg impedance and use the model
in Figure 14 to obtain the new loop gain and phase (add
the transport lag loss term to the phase as needed).

---VO

= 4249F16

Figure 16. Lead-Lag Network Example

RF PA Bias Sequencing

Some RF PAs have a strict bias sequence order. Use the
LTC4249 EN inputs, RDY outputs and IMON outputs to
simplify the sequencing process. A recommended bias
sequence during power up is the following:

1) Start with the PA Vpp near ground. To achieve this,
begin with EN low (ECB off, OUT near ground). Drive
the PA Vgg to a suitably negative voltage to guarantee
PA BIAS current = 0. RDY should be pulling low at this
time.

2) Raise EN above threshold (0.8V). The LTC4249 enters
its current limited operating phase and charges the
OUT capacitance with 1A. After 300ps, OUT is checked
for voltage above 1.2V. If it is less, the channel output
is deemed to be “shorted” and the corresponding ECB
shuts off. Assuming no short, the LTC4249 completes
current limited operating phase after 10ms and begins
low Roy operation. RDY is now released and may be
pulled high. OUT voltage should now be close to IN.

3) After RDY release, increase PA Vg voltage until desired
BIAS current is achieved. BIAS current may be inferred
from the voltage at the IMON output.

4) Apply RFIN signal.
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The recommended bias sequence during power down is
the following:

1) Remove RFIN signal.

2) Decrease PA Vgg voltage to bring PA BIAS current to
zero. BIAS current may be inferred from the voltage at
the IMON output.

3) Pull EN below threshold (OUT disconnects from IN,
RDY pulls low).

Current Sharing

Some applications may require operation and OC sensing
above 1.2A load current. Operation up to 2.4A is possible
by simply paralleling the two ECB channels (Figure 17).
The two channels will share load current to typically 1%,
governed by Ry matching.

If either channel exceeds 1.2A, the respective ECB shuts
off. This action throws the load current to the remaining
channel causing the second channel to shut off as well.
Multiple LTC4249s may be paralleled for even more cur-
rent. The efficacy of that approach depends on device to
device Roy matching (typically 2%, but is not guaran-
teed), and is slightly worse than the +1% channel match-
ing specification.

w q ours
Lyl

— EN1 RDY1 f—

6V TO 65V 9—>» T0 LOAD

I g;uF

Rimon
IMONH1

LTC4249
IMON2

o

ENABLE —@
Rimon

i

— EN2 RDY2

IN2 ‘T$I‘ 0UT2
L&

INTVg GND

J— C2 J_— SOME CONNECTIONS
I 0.1pF "= OMITTED FOR CLARITY

Figure 17. Gurrent Sharing for Applications ahove 1.2A

Output Overcurrent and Overvoltage

Circuit breaker action may also be achieved based on over-
voltage at the OUT node by the addition of a single resis-
tor Roy (Figure 18) between OUT and IMON. Calculating
resistor Rgy depends on whether the load has current sink
or resistive properties. In this application, the OC and OV
thresholds become dependent and resistor calculation is
a multi-step procedure.

. wm g om|
IR2000 D 1. ____,
[ | CURRENTSINK |
ENABLE — EN Rov I OR RESISTOR LOAD !
-
IMONA
LTC4249 LOAD ENABLE
RDY1

RDY2 —
IMON2 |—

EN2 J_
‘ IN2 E | ourz]

INTVgg GND
I C1 J_4249F13
—[OMF = SOMECONNECTIONS
L OMITTED FOR CLARITY

Figure 18. OV/OC Circuit Breaker with One Additional Resistor

The nominal OUT1 voltage (Voyr) in Figure 18 is ~48V
with a desired OV threshold (Vqy)of 56.2V. For a cur-
rent sink load (lgyt) operating nominally at 650mA and
a desired overcurrent threshold (Igg) of 732mA, Roy is
found from:

Vour -1.2V

Rov_(( 1.2V )_(|OC.G|M0N))

Rimon

where Gyyon = 100pA/A and Rypyon = 10kQ. Plugging in
loc = 732mA yields Rgy = 1MQ. With Rgy at TMQ and
lout = 650mA, Vgy is determined from:

1.2V

Vov :((R—)_(IOUT 'GIMON))'ROV +1.2V
IMON

with a result of Vgy = 56.2V.
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When the load is resistive, the calculation for Rgy
is unchanged. For Vgyt = 48V and Igg = 732mA, Rgy
remains 1MQ. However, the calculation for OV threshold
must include an additional contribution from IMON output
current due to the excess voltage over the resistive load:

o ")
+7

Rimon Rov

(IOUT°GIMON+ 1 )
Vout Rov

Voy=1.2Ve

where lgyT is the nominal load of 650mA yielding a result
of Vgy = 51.48V. To regain a higher QV threshold, Rgy
must increase, which will cause lgg to increase. For exam-
ple, if Roy is increased to 1.21MQ, Vgy becomes 55.48V
and lpc increases to 813mA.

Reverse Current Circuit Breaker

In applications where the ECB output (load side) could be
pulled above the input, such as a power mux circuit, the
risk of forward biasing the ECB body diode and conduct-
ing current to the input exists. To overcome that possibil-
ity, the two LTC4249 channels can be connected back to
back as shown in Figure 19. The back to back connection
places the two ECB body diodes in opposite directions and
prevents current from the load connection at IN2 back to
IN1, when the ECBs are off.

When the channels are turned on, however, current can
still pass through the ECBs in both directions. Fortunately,
due to the reverse connection of channel 2, current from
IN2 to OUT2 is still reported at lygn2 because channel 2

is operating normally if IN2 rises above OUT2. With an
appropriate choice of Ryyone, an accurate “reverse cur-
rent” threshold can be chosen to shut off channel 2 and
prevent excess current from the load connection at IN2
back to IN1. Channel 1 operates as usual and turns off
due to excess forward current, configured by Ryyoni-

i g our
6V TO 65V L i'
—| EN{ RDY1 [—
Rimon1
IMON1 —W\'j_
ENABLE —¢ LTC4249 Rivonz =
IMON2
— EN2 RDY2 [—
IN2 0UT2
TO LOAD $I‘I
c
LoD INTVe GND

T0pF I
4249 F19
= J— 811uF SOME CONNECTIONS
| : OMITTED FOR CLARITY

Figure 19. Back to Back Connection for Load Isolation
and Forward/Reverse Current Circuit Breaker

Load Switch with Isolation

Building from Figure 19, a load switch with reverse isola-
tion is possible by duplicating the application and provid-
ing enable inputs to preferentially select the input supply
(V1 or V2) that is delivered to the load (Figure 20).
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Figure 20. Load Switch Application

High Voltage Spacing Considerations

In applications where creepage and clearance standards
up to 65V must be met, a 12-Lead 3mm x 4mm LQFN
package is available for ordering. The IN1, OUTT, IN2 and
OUT2 leads are all adequately spaced to all other leads
including the exposed thermal pad.

Thermal Considerations

The exposed thermal pad is internally connected to
ground and provides an optimal path for heat removal.
In applications where the ambient temperature is above
90°C, connect the exposed pad to 2 inch? of 10z PCB cop-
per to limit junction heating when operating at maximum
current capability of 1.2A per channel (2.4A total).

At high ambient temperatures, a heat removal path is
also important during the 10ms current limited operat-
ing phase, where the pulsed power can cause brief but
large temperature rise.

Under extreme thermal conditions an integrated thermal
switch activates to turn off both channels. The breakers
remain off for typically 1 second and until the respective
enable inputs are toggled.

Industrial Applications

Many of the individual applications discussed thus far can
be combined in clever ways to solve system problems.
Industrial applications often require the need for circuit
breakers. The back page shows an industrial application
utilizing the LTC4249 capabilities to provide undervolt-
age (UV), overvoltage (OV), overcurrent (OC) and reverse
current protection for a 15V system with a nominal 50mA
resistive load current. The resistor values are calculated
to provide the following thresholds:

UV Threshold: 12V

OV Threshold: 16.9V

Forward OC Primary Threshold: 193mA
Reverse OC Primary Threshold: 1.2A
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During initial turn-on, the load capacitance charges
through ECB1 and the body diode of ECB2. RDY1 enables
ECB2 after the ECB1 10ms current limited turn phase
is complete. ECB2 then turns on and shunts the body
diode path.

Special “5V ONLY” Application

Under most circumstances, the minimum IN1 voltage
required for operation is 6V. However, a very narrow
application for IN1 =5V is possible provided a few condi-
tions are met. First, the IN1 supply voltage must be tightly
regulated to +5% (4.75V t0 5.25V). Second, IN1 must be
connected to the INTVgg output (Figure 21). OUT1, when
ECB1 is on, is therefore constrained to the IN1 limitation.
IN2 may be operated normally over its full range.

This application is tested in production and has been
qualified over temperature. Note that while the electrical
table does not extend IN1 below 6V, this application is
supported with respect to all other electrical table entries
except for Vecor, Vecs, Vacee and togo. Above 1.8A,
the secondary overcurrent comparators may experience
increased threshold or delay. The primary overcurrent
comparators however, conform to data sheet specifica-
tions over their full range (1.2A), ensuring ECB shutoff
under overcurrent conditions.

Operation beyond these special constraints is not recom-
mended and operation is not guaranteed.

5V 5%

IN1 1—| 0UT1
— EN1 RDY1
IMON1
LTCA4249
IMON2
— EN2 RDY2
N2 T 0UT2
INTVge GND
J_4249F21
L1 =
0w

Rimon1

Rimonz

READY2
R2
10k

C2

TO LOAD1

TO LOAD2

I 22uF

Figure 21. Special “5V ONLY” Application

Rev. A

20

For more information www.analog.com


https://www.analog.com/LTC4249?doc=LTC4249.pdf
https://www.analog.com

LTCA4249

PACKAGE DESCRIPTION

800 m
Lo 998 M3IA dOL
prasewane - NOLYLNIISO ONIQYOT AVHL NI 3OVHOVd 00 o0 LNOAY1 804 03153990
—z_n_ Avdl 0Lo0 220 G0'0F05°€
T EJ 010 qaq | _I_m_l_ |
— 1 NId oL0 eee _I_ _I_ | _I_ _I_
T | aoanco TH dv0 G0 339020 2H |
XXXXXLT MHL 3LvH1SENS 139520 I ooero—[ ] T - o007 0r0
050 3 oosz0—[—] | 1%
0L 13 00000 -— —————~— H-—4-—=- 5007 05°€
i[i5d oLl a ooszo— ] ﬁ ) —a «
: Y im 00°¢ 3 oosz0— [ 7 —
T 00e 0 nhhee:
820 520 220 q |
11QYH HINH0D TYNOILAO IAVH AYIN JUNLY3 1¥3H 03S0dX3 FHL ™9 050 | ov0 | 080 7 { :I_ ﬁ :I_ :I_ %‘
JUNLY34 GINYYIN HO CTON ¥ HIHLIF 38 AVIN €00 | 200 | 100 W s S.s = 39XV
Y314ILNIAI + NId 3HL "a3LYDIaNI INOZ HL NIHLIM a3LY901 S0’} 60 80 v g £28 ¢
39 1SNIN LNg “TYNOILJO 34V HIIILNAAI | NId 40 STI¥13A G SILON XYW | WoON NN | 109IAS g
S3HNLY34 L¥IH ONY STYNINYIL 3SIHL 3HNISE0 0L LON S¥ 0S SNOISN3WIQ
NMOHS LON HNINIJO ¥SYIN 43070S FHL HIANN SIHNLYIS 5%@
INYTd ONILY3S SI -Z- INNLYQ AYYINIYd '€
Y 1Ivi3aa
SYILINITIIN NI 3HY SNOISNIWIA 1TV 2 i ,
Y66 1-NG 7 HA JNSY H3d DNIINYHII0L ANY ONINOISNINIA "} A‘D D | D D FvEe - o
'S3LON ; 7 g
g ] £
M3IA WOLLOE FOVNIVd EA—~ i ¢#T 2
M3IA dOL IOYNOYd g
ERIVE k X ﬁ o
RRILE(] a0 ‘E‘
alow
J1v41Sans
' R 97Iv13a
; . ~
S310N 338 » — T‘ I\
LUNE] (3]
oGF X G20 N H %
HOLON L NId HINH0D
L NId
— iLA‘ Nmmm [ *X¢
AX[Z]@999] ¥ — Em,
v Ivl3a m
=

(9 Ao £ 1-80-50 # DA JL1 9UBIa)aY)
(wwge 0 x Wwg x wwg) peay-gi
abieyoed N4D1

Rev. A

21

For more information www.analog.com



https://www.analog.com/LTC4249?doc=LTC4249.pdf
https://www.analog.com

LTCA4249

PACKAGE DESCRIPTION

0 A34 6190 (24)0Z NSO

NOILVLNIIH0 9NIAYOT AVHL NI 39¥YNIVd
13A38
ﬁ 4 FNId AVHL
[

7 T 1 ININOdWod
| XXXXXXLT

” i)

T

—_lll——

[1avH HINHOO TYNOILJO JAVH AYIN 3HNLYIH LvIH 03S0dX3 e.:@

34NLYI AIMHYIN HO QIO V HIHLIT 39 AVIN
Y3HILNIAI F NId JHL "a3LYIANT INOZ FHL NIHLIM a3LY¥0T
39 LSNIN LNG “TYNOILAO 34V HIIHILNIAI + NId 40 m.__,ED@

SIHNLY 1¥IH ANV STYNINYIL ISTHL IHNOSEA0 OL LON SV 0S
NMOHS LON HNINIJO ¥SYIN H3QTOS FHL HIANN SIHNLYH é@z@

INY1d ONILY3S SI -Z- NNLYA AdYINIEd "€
SHILINITTIN NI 34V SNOISNIWIA 1TV ¢

66 L-ING'V LA JINSY H3d ONIONYHITOL ANY ONINOISNIWIA “|
‘S310N

M3IIA INOLLOE FIVNIVd

LisE}
> -

Vviad ¢

oS X G20
HILON | Nid—

N4

S310N 338

" EIAMEDE

800 L
S0 999
010 ppp
010 239
0L0 aqq
0ko eeE
1H dvd @10 434020 ¢H
MHL 31vd1Sans 434 620 IH
050 9
0.1 (=]
01 1d
00y E|
00€ a
8¢0 G20 ¢c0 q
050 0v'0 0€0 1
€00 200 100 v
G0} G6°0 680 v
SILON | XVIN INON NIN | TOSINAS

SNOISN3WIa

vlviaa

47v13a

47Iv13d

[e— ZH —>|
H ‘VIAAA‘

(Z]999[ /7]

97Iv13a &
/\
9qyigg  3lvelsans
~N]
— T‘ v
1
— 7A‘
D#
T‘ Y — m
(]

(@ Aoy Ly 1-80-G0 # DA L7 99udIa)eY)
(wwge 0 * wWwy x wwg) peai-(gi) 02
abejoed N401

d¥0
alow

M3IA dOL
1NOAV1 83d 031S399NS

G0'0¥ 0S¢

] | []
L
W 434620
| v
oosro—p 1] ! 1
0L —
wo— [ | 1 et
00000 ~——=J———f——1— 1= 5007057
00520 — .
L] o _ v,_”H_,ﬁtm 0L0
oosc0—[ 1] ! _ / [ 1]
|
0T
\ [ L 2
aNITLNO 7 7
39V ! | !
by
M3IA 0L 39VYNIVd 2
x] @
(Al
El
N
HINY09
N

[Z[eee [

*¢

Rev. A

For more information www.analog.com

22


https://www.analog.com/LTC4249?doc=LTC4249.pdf
https://www.analog.com

LTCA4249

REVISION HISTORY
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TYPICAL APPLICATION

ECB For Industrial Application with UV, OV, OC and Reverse Current Protection
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> =  wmcu
PART NUMBER | DESCRIPTION COMMENTS
LTC4368 LTC4367 + Bidirectional Circuit Breaker | +50mV or 50mV/-3mV Circuit Breaker Thresholds; MSOP-10, DFN-10 Packages
LTC4367 100V Overvoltage, Undervoltage and Wide Operating Range: 2.5V to 60V, Protection Range: —40V to 100V, No TVS Required for
Reverse Supply Protection Controller Most Applications
LTC4365 Overvoltage, Undervoltage and Reverse | Wide Operating Range: 2.5V to 34V, Protection Range: 40V to 60V, No TVS Required for
Supply Protection Gontroller Most Applications
LTC4366 High Voltage Surge Stopper 9V to >500V Operation, 8-Pin TSOT and 3mm x 2mm DFN Packages
LTC4364 Surge Stopper with Ideal Diode 4V to 80V Operation, —40V Reverse Input, —20V Reverse Output
LT4363 High Voltage Surge Stopper with Wide Operating Range: 4V to 80V, Reverse Protection to -60V, Adjustable Qutput Clamp
Current Limit Voltage
LTC4361 Overvoltage/Overcurrent Protection 5.8V Overvoltage Threshold, 85V Absolute Maximum
Controllers
LTC4380 8uA Iq Surge Stopper 4V to 72V Qperation, Pin Selectable Clamp Voltage
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