The Future of Analog IC Technology®

MP5022C

12V, 3mQ Rpson), Hot-Swap Protection

Device with Current Monitoring

DESCRIPTION

The MP5022C is a hot-swap protection device
designed to protect circuitry on its output from
transients on its input. The MP5022C also
protects its input from unwanted shorts and
transients coming from its output.

During start-up, inrush current is limited by the
slew rate at the output. The slew rate is
controlled by an external capacitor at SS.

The maximum load at the output is current-
limited through sense FET topology. The
magnitude of the current limit is controlled by a
low-power resistor from ISET to ground.

An internal charge pump drives the gate of the
power device, allowing a power FET with a very
low on resistance of 3mQ to turn on.

The MP5022C includes an IMON option that

FEATURES

4.8V-t0-16V Operating Input Range
Integrated 3mQ Power FET

Adjustable Current Limit

Output Current Measurement

+3% Current Monitor Accuracy (6A < lo <
15A)

Fast Response (<200ns) for Short Protection
PG Detector and FLTB Indication

PG Assert Low at VIN =0
Input-to-Output Short-Circuit Detection
External Soft Start

Programmable LOADEN Blanking Time
Configurable Over-Voltage Lockouts with
Hysteresis

Under-Voltage Lockout (UVLO)

e Thermal Protection

e Available in a Small QFN-22 (3mmx5mm)

produces a voltage proportional to the current Package

through the power device set by a resistor from

IMON to ground. APPLICATIONS

Full protection features includes current limit, e Hot Swap

thermal shutdown, damaged MOSFET detection, ~*® PC Cards

over-voltage protection (OVP), and under-voltage e Disk Drives

protection (UVP). e Servers

The MP5022C is available in a QFN-22 : Elet\;vorklng

(3mmx5mm) package. aptops
All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, please visit the MPS website under Quality Assurance.
“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.
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I'I'IFE MP5022C — 12V, 3mQ Ropson, HOT-SWAP PROTECTION DEVICE

TYPICAL APPLICATION
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I'I'IFE MP5022C — 12V, 3mQ Ropson, HOT-SWAP PROTECTION DEVICE

ORDERING INFORMATION

Part Number* Package Top Marking
MP5022CGQV QFN-22 (3mmx5mm) See Below

* For Tape & Reel, add suffix —Z (e.g. MP5022CGQV-2)

TOP MARKING

MPYW
5022
CLLL

MP: MPS prefix

Y: Year code

W: Week code

5022C: First five digits of the part number
LLL: Lot number

PACKAGE REFERENCE

TOP VIEW
VIN VIN
22‘ ‘21
EN [1 ) VIN (2d vour
LOADEN |2 19 VOUT
ENTM |3 VIN 1d vout
TIMER |4 17| vouTt
VIN
ISET |5 16 vouT
SS |6 15 vouT
GND |7 14 vout
IMON |8 13 vVOUuT
FLTB (9 12| AVIN
o [
PG ov
QFN-22 (3mmx5mm)
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MP5022C — 12V, 3mQ Rpson), HOT-SWAP PROTECTION DEVICE

ABSOLUTE MAXIMUM RATINGS @

VIN, AVIN ..o -0.3V to 24V
VOUT oo -0.3V to 20V
Other piNS.....cvvceeeiieeeiicee e, -0.3V to 6.5V
Continuous power dissipation (T, = +25°C) @
............................................................ 2.7W
Junction temperature .............cccceeevennnnnn. +150°C
Storage temperature................ -65°C to +155°C
®3)

Recommended Operating Conditions
Input voltage operating range ........ 4.8V to 16V
Operating junction temp. (T3). .oeveeeeiiiiiiieeereiennns
............................................... -40°C to +125°C

Thermal Resistance(4) 6;n 05

QFN-22 (3mmx5mm).............. 46 ...... 10...

NOTES:

1)
2)

3)

4)

Exceeding these ratings may damage the device.

The maximum allowable power dissipation is a function of the
maximum junction temperature T; (MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-Ta)/6;a. Exceeding the maximum allowable power
dissipation produces an excessive die temperature, causing
the regulator to go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

The device is not guaranteed to function outside of its
operating conditions.

Measured on JESD51-7 4-layer board.

MP5022C Rev. 1.0
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I'I'IFE MP5022C — 12V, 3mQ Ropson, HOT-SWAP PROTECTION DEVICE

ELECTRICAL CHARACTERISTICS
Vin =12V, Rser = 10.2k, Cout = 470|.IF, T; =25°C, unless otherwise noted.

Parameters | Symbol [Condition | Min | Typ | Max [ Units
Supply Current
EN = high, no load 1.3 2.0 mA
Quiescent current lo Fault latch off 1.3 mA
EN =0, Vy=16V 700 A
Power FET
On resistance Ros(on) E - égog@ 3?8 4£.18 mQ
Off-state leakage current lore Vin =24V, EN = 0V 1 MA
Maximum continuous current® louT maAX 15 A
Thermal Shutdown
Shutdown temperature®™ | tso | | | 145 | | °C
VIN Under-Voltage Protection (UVLO)
VIN UVLO threshold Vinuvio | VIN UVLO rising threshold 4,15V 4.5 V
VIN UVLO hyStereSiS VN UVLOHYS 0.25 V
LOADEN
Low-level input voltage vV, 0.9 V
High-level input voltage Vy 2.3 \%
Soft Start (SS)
SS pull-up current lss  |Ves=0V | 10 | 125 | 15 | pA
Current Limit
Current limit at normal operation ILimit no | Rser = 10.2k 11.34 12.6 13.86 A
Current limit response time®™ teL 20 us
Secondary current limit"” limws | Regardless of Rger 36 A
S_hor(gcircuit protection response - 200 ns
time
Output Current Monitor
. . 6A < lout < 15A 9.7 10 10.3 | pA/A
Gain of current sense amplifier Aivon 3A < lour < 6A 95 10 105 UAIA
Max IMON voltage Vivon 3 V
Timer
Upper threshold voltage VIMRH 1.2 1.24 1.28 \
Insertion delay charge current lINSERT 345 43 51.5 MA
Fault detection charge current leLto 175 215 255 MA
Discharge Rps(on Recte [ lout < liimit 35 70 Q
LOADEN Blanking Time (ENTM)
Upper threshold voltage VENTMRH 1.2 1.24 1.28 V
Charge current lenTmCe 0.8 1.1 1.4 MA
MP5022C Rev. 1.0 www.MonolithicPower.com 5
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I'I'IFE MP5022C — 12V, 3mQ Ropson, HOT-SWAP PROTECTION DEVICE

ELECTRICAL CHARACTERISTICS (continued)
Vin =12V, Rser = 10.2k, Cout = 470|.IF, T; =25°C, unless otherwise noted.

Parameters | Symbol [Condition | Min | Typ | Max | Units
Enable

Rising threshold VENRS 1.258 | 1.325 | 1.391 \
Hysteresis VENHYS 170 mV
Over-Voltage (OV)

OV threshold Vov 11 | Vov rising 1.2 1.24 1.28 V
QV threshold hysteresis Vov nys | Vov falling 90 mV
Fault Bar (FLTB)/Power Good (PG)

Low-level output voltage VoL Sink current 1ImA 0.2 V
Fault bar off-state leakage current let ke | VeLte = 3.3V 1 MA

ISET stepped to 1V to

Fault bar propagation delay troE FLTB pull-down 8 16 uS
Power good rising threshold® PGy Hi 90% Vin
Power good falling threshold PGvih Lo 75% 80% Vin
Power good off-state leakage current| Ipg ke | Vps = 3.3V 2.5 MA

Vv Vin = 0V, pull up to 3.3V
OL_100 I through 100kQ resistor

Vin =0V, pull up to 3.3V

600 720 mV

PG low-level output voltage

V . 720 870 mV
OL10 I through 10kQ resistor
NOTE:
5) Guaranteed by design.
MP5022C Rev. 1.0 www. MonolithicPower.com 6
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MP5022C — 12V, 3mQ Rpson), HOT-SWAP PROTECTION DEVICE

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 12V, COUT = 470|J.F, CENTM = 1|.|F, CT = 220nF, CSS = 47nF, Rget = 6.8kQ, TA = +25°C, unless

otherwise noted.

Disable Supply Current Enable Supply Current Rps_on vs. Input Voltage
vs. Input Voltage vs. Input Voltage lout=1A
EN=0 EN=NC, Loaden=3V, No Load
600 1800 3.6
1600
500 — 1400 — 3.4\
/ /, 32
400 — — 1200 ] g 5 N\
< L~ < 1000 E
Z 300 2 Z 28
z z 800 I
200 600 B 26
200 2.2
0 0 2 L L L L
5 7 9 11 13 15 5 7 9 11 13 15 5 7 9 11 13 15
INPUT VOLTAGE(V) INPUT VOLTAGE(V) INPUT VOLTAGE(V)
Rps_on vs. Load Current Efficiency vs. Load Power Loss vs. Load
ViN=12V Current Current
YOI T | vaetov 120 |
3.375 '<\\ va VIN=5Y
N 100
3.25 < 995 < S %
a & V|NE12V £
E 3125 5 \ N @ 80
z z \L o
5 3 w99 | z 7
) ] 2\
™ L -
5 2.875 e Vinbv \ S . //— [ViN=12V]
w @) 2 |
2.75 985 & / AN
20 < __LVIN=16V —]
2,625 ~
=1 ||
25 98 0
1. 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
OUTPUT CURRENT(A) OUTPUT CURRENT(A) OUTPUT CURRENT(A)
Maximum Output Current Maximum Output Cap. Safe Operation Area
vs. Soft Start Time vs. Load Current
VIN=12V, CoyT=4700pF, En On, VIN=12V, En On, Single Pulse
188|ngle Pulse E 22500 1000 ——— T
f(‘ , EJ’ N =——§8=24ms = b oo
= 16 4 O 20000 N\ —_s5=20ms] g by Limited by IDM T—=___1®
b4 / Z I~ Rds_on 100ms]
E 14 é 17500 |- 85=13ms 100 ;
L 12 N G 15000 - ss=ame | fe S — o
210 % 12500 IN ss=eme | - N H,
5 ~— 6 | | ss=ams | T 10 N A
E 8 = 10000 —r T T —sseams | 2
=) 2 a A TN
3 6 5 7500 = —H&.‘w — | o
= 2 NN 1 Erosa=ze.cw E 2 S===00
2 4 O 5000 [T T\N ;_ N E T,,7150°C Max Rated S —E—EF
5 2 S 2500 s S N O 7t Hhmis,
E = HRENER [Shae e ML
s 0 = 0 ) 01 L
2 4 6 8 101214 16 1820 22 24 g 0246 810121416182022 0.1 1 10 100
SOFT-START TIME(mS) LOAD CURRENT(A) Vbs (V)
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I'I'IFE MP5022C — 12V, 3mQ Ropson, HOT-SWAP PROTECTION DEVICE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, COUT = 470|J.F, CENTM = 1|.|F, CT = 220nF, CSS = 47nF, Rget = 6.8kQ, TA = +25°C, unless
otherwise noted.

Start Up through V| Start Up through V| Shut Down through V|y
louT=0A loyuT=15A louT=0A
[ U 1
Vour f ! Vour Vour :
svidiv. " 5V/div.| 5V/div. "}
VIN ‘ VIN o VIN
5V/div. ! 5V/div. T 5V/div. 2
Il See— | PG oo PG e ————————
2vi/div. ma— 2v/div. | hamsse 2V/div. ) e
I ‘ I 1;{7?
I V.
Nt ‘ ol | 1
20ms/div. 20ms/div. 10ms/div.
Shut Down through Vin Start Up through EN Start Up through EN
louT=15A louT=0A louT=15A
u u
V, N \Y ‘ \%
out ! out | ouT
svidiv. | 3 5Vidiv. | : 5Vidiv. |
ViN EN [ v o EN
2vidiv. 2v/div. - 2Vidiv. P)
PG PG ] PG
2vidiv. 2vidiv. © 2vidiv.”
I IFeT ; I
10adi o i 1A/div. B 10A/div. '
400ps/div. 4ms/div. 4ms/div.
Shut Down through EN
louT=15A
1]
V +
ouTt
5Vidiv. |
PG L
2Vidiv.
IFET |
10A/div. :
100ps/div.
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I'I'IFE MP5022C — 12V, 3mQ Ropson, HOT-SWAP PROTECTION DEVICE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, COUT = 470|J.F, CENTM = 1|.|F, CT = 220nF, CSS = 47nF, Rget = 6.8kQ, TA = +25°C, unless
otherwise noted.

Thermal Shutdown OCP SCP Entry
louT=15A ILiMIT=19A ILmMr=19A
U Vour 7w v
5V/div. \ |
VOUT 1 1 A VOUT
5V/div.” | FLTB f) L e 5[y, )
FLTB (B b iommiesssbomiismsinonts it 2Vidiv. FLTB #
2V/div.  [rrmmmm— - i 2Vidiv.
PG a I
2Vidiv.
PG | { ! PG
2Vidiv. : , 2vidiv. *
lFeT lFeT | lreT
10A/div. 10A/div. 25A/div.
100us/div. 400us/div. 400ps/div.
SCP Entry Detail OoCP SCP Entry
ILimMIT=19A ILimiT=5A ILmiT=5A
u u
Vour Vour Vout | | 4
5V/div. " 5V/div. © : 5V/div. [
FLTB B+t i FLTB--H- ........... ................ FLTB I PP {RPECTI) SR e
2V/div. —"'-'——'-‘\V: 2vidiv. i 2vidiv. [T
PG\} e s i) P-GI3 PG F
2V/div. ! 2V/div. i 2V/div.
IFET ! IFET : IFET
25A/div. : sA/div. L 25A/div. ©!
2ps/div. 1ms/div. 400ps/div.
EN and LOADEN Logic LINE SPIKE
louT=5A, EN and LOADEN signals ILimiT=19A
are generated by function generator
T v
W
EN !
2vidiv. _
LOADEN _ | ‘ R outht
5V/div. | | e 5V/div.
| VPG 4
5/:/F dEiJ ‘ ! 2v/div. i
ENTM — 10ATGiv.
500mV/div. 1 I
400ms/div. 400ps/div.
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I'I'IFE MP5022C — 12V, 3mQ Ropson, HOT-SWAP PROTECTION DEVICE

PIN FUNCTIONS

Pin # Name |Description

Enable input. EN used in conjunction with LOADEN can turn on or off the main power
device in the MP5022C. EN is pulled high internally.

Load enable input. LOADEN used in conjunction with EN can turn on or off the main
power device in the MP5022C (see Table 1). LOADEN is also used to shut down the
2 LOADEN | power switch after the LOADEN blanking time, but cannot turn it back on by recycling
LOADEN only.

1 EN

LOADEN blanking time set. Connect an external capacitor to set the LOADEN blanking
time. Once EN is active, the timer starts and the LOADEN de-assertion is blanked. The

3 ENTM switch shuts down in the presence of a fault or EN low condition, but LOADEN low during
the blanking time has no effect.

4 TIMER Timer set. An external capacitor sets the hot-plug insertion time delay and fault time-out
period.

5 ISET Current limit set. Place a resistor from ISET to ground to set the value of the over-
current limit.
Soft start. An external capacitor connected to SS sets the soft-start time of the output

6 SS voltage. The internal circuit controls the slew rate of the output voltage at start-up. Float
SS to set the soft-start time at its minimum (1ms).

7 GND |Ground.
Output current monitor. IMON provides a voltage proportional to the current flowing

8 IMON through the power device. Placing a 10kQ resistor (Ryon) to ground creates a 0V to 1.5V
voltage when the current is between OA and 15A. Place a capacitor greater than 10nF in
parallel with Ry,on during application.
Fault bar. FLTB is an open-drain output that drives to ground when an over-current or a

9 FLTB |thermal shutdown occurs. Pull FLTB up to an external power supply through a 10-100kQ
resistor.

10 PG Power good. PG is an open-drain output. Pull PG up to an external power supply through
a 10-100kQ resistor. PG high means power good.

11 oV Over-voltage enable input. Pull OV high to turn off the internal MOSFET. Connect OV to

an external resistive divider to set the over-voltage disable threshold.

Internal power supply for VCC sub regulator. Connect a 49.9Q, 0603 package resistor
12 AVIN |from VIN to AVIN and a 2.2uF bypass capacitor to GND to guarantee full operation in the
event that VIN collapses during a strong short from VOUT to GND.

Output. VOUT is the voltage controlled by the IC. A Schottky diode should be placed
between VOUT and GND to absorb the negative voltage spike.

13-20 VOUT

21, 22,
Exposed VIN Input power supply for main power.
Pads
MP5022C Rev. 1.0 www. MonolithicPower.com 10
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I'I'IFE MP5022C — 12V, 3mQ Rpson), HOT-SWAP PROTECTION DEVICE

BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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MP5022C — 12V, 3mQ Rpsion), HOT-SWAP PROTECTION DEVICE

OPERATION

The MP5022C is designed to limit the inrush
current to the load when a circuit card is inserted
into a live backplane power source, limiting the
backplane’s voltage drop and the dvVv/dt of the
voltage to the load. The MP5022C provides an
integrated solution for monitoring the input
voltage, output voltage, output current, and die
temperature to eliminate the need for an external
current sense power resistor, power MOSFET,
and thermal sense device.

Current Limit

The MP5022C provides a constant current limit
that can be programmed by an external resistor.
Once the device reaches its current limit
threshold, the internal circuit regulates the gate
voltage to hold the current in the power FET
constant. To limit the current, the gate-to-source
voltage must be regulated from 4V to around 1V.
The typical response time is about 20us. The
output current may have a small overshoot
during this time period.

When the current limit is triggered, the fault timer
starts. If the output current falls below the current
limit threshold before the end of the fault timeout
period, the MP5022C resumes normal operation.
Otherwise, if the current-limit duration exceeds
the fault timeout period, the power FET is latched
off.

When the device reaches either its current limit
or over-temperature threshold, FLTB is driven
low with an 8us propagation delay to indicate a
fault. The desired current limit at normal
operation is a function of the external current-limit
resistor.

Short-Circuit Protection (SCP)

If the load current increases rapidly due to a
short circuit, the current may exceed the current-
limit threshold before the control loop can
respond. If the current reaches a 36A secondary
current-limit level, a fast turn-off circuit activates
to turn off the power FET using a 100mA pull-
down gate discharge current (see Figure 2). This
limits the peak current through the switch to limit
the input voltage drop. The total short-circuit
response time is about 200ns.

When short-circuit protection is triggered, the
chip restarts to determine whether the overload
condition exists or not. If the short-circuit has
been induced by the input line transient, the part
works normally. If a real short circuit occurs, the
part latches off completely (see Figure 2 and
Figure 3).

FLTB switches low once it reaches a 36A current
limit and asserts low until the short circuit is
removed.

Fault Timer and Restart

When the current reaches its limit threshold, a
215pA fault timer current source charges the
external capacitor (C;) at TIMER. If the current
limit state ceases before TIMER reaches 1.24V,
the MP5022C resumes normal operation mode
and releases TIMER immediately when the
current limit is removed. If the current limit state
lasts after the TIMER voltage reaches 1.24V, the
power FET switches off. The capacitance of Ct
can be determined with Equation (1):

_ 215- Lrauit
1.24 (1)

T

Where Cy is the fault timer capacitance (nF), and
traur IS the fault timer (ms). For example, a 100nF
capacitor yields a fault timer of 0.58ms.

This fault timer capacitor also determines the
insertion delay timer during start-up.

MP5022C Rev. 1.0
5/26/2016
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MP5022C — 12V, 3mQ Rpsion), HOT-SWAP PROTECTION DEVICE

Vout

Overload Current limit

EN restart
e

Output short circuit

/

Latch off here
—

Trips absolute
current protection
Current limit exit

Current limit

Latch off here if short
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Soft Start
~ \mode

/
Fast pulldown

1.24v 1.24V
215pA 215pA
TIMER \ B N
0
F—# e
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Figure 2: Over-Current Protection
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0
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TIMER
0
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Figure 3: V|y Line Transient Response
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MP5022C — 12V, 3mQ Rpsion) HOT-SWAP PROTECTION DEVICE

Power Good (PG)

Power good (PG) indicates whether the output
voltage is in the normal range relative to the input
voltage. PG is also the open drain of the FET.
Pull PG up to the external power supply through
a 10-100kQ resistor. During start-up, the power
good output is driven low. This instructs the
system to remain off and minimize the load on
VOUT to reduce inrush current and power
dissipation at start-up.

The power-good signal is pulled high when the
device meets the following conditions:

o Vour>90% * Vi
o VGS > 3V
° VOUT > V|N -0.8v

Once these conditions are met, the system can
then draw full power.

When Vour < 75% * Vn, PG is switched low. The
PG output is pulled low when EN is below its
threshold. With no input, PG stays at a logic low
level in the presence of a pull-up supply.

Fault Bar (FLTB)

Fault bar (FLTB) is an open-drain output used to
indicate that a fault has occurred. Pull FLTB up to
an external power supply through a 10-100kQ
resistor.

When the device reaches its current limit, the die
temperature exceeds the thermal shutdown
threshold or the MOSFET is shorted before
power-up, the fault output is driven low with an
8us propagation delay. If a short circuit occurs
and the 36A secondary current limit is reached,
the FLTB is switched low immediately.

FLTB goes high when the MP5022C resumes
normal operation. This means that the output
voltage is higher than the setting voltage of the
PG rising threshold, and the power FET is fully
on (VGS > 3V)

External Pull-Up Voltage for PG and FLTB

PG and FLTB require an external power supply.
The open-drain output of PG can work from the
external pull-up voltage, even when V,y = 0 and
EN is disabled. Use a 10-100kQ pull-up resistor
for PG and FLTB.

Power-Up Sequence

For hot-swap applications, the input of the
MP5022C can experience a voltage spike or
transient during the hot-plug procedure. This is
caused by the parasitic inductance of the input
trace and the input capacitor. To help stabilize
the input voltage, an insertion delay is
implemented before the main FET is turned on.
TIMER charges the external capacitor (Cy)
through a 43pA constant current source when the
input voltage reaches the UVLO threshold (see
Figure 4). The insertion delay finishes when the
TIMER voltage reaches 1.24V. The capacitance
of C; can be determined with Equation (2):

_ 43- 1:delay
To1.24 )
Where C- is the insertion delay timer capacitance
(nF), and tgeay is the insertion delay (ms). For

example, a 100nF capacitor yields an insertion
delay timer of 2.9ms.

Vin /\ﬁ
UVLO+-
1.24V_
43{1‘\
TIMER
4V clamp—
88
4av
VGS 8uA gatg chgrge
30Q Pull down
VOUT
IswitcH
PG
<~—t+— t

Insertion Delay Time

Figure 4: Start-Up Sequence

This insertion delay timer capacitor also
determines the fault timer, as specified in the
Fault Timer and Restart section on page 12.

After TIMER reaches 1.24V, an 8pA current
source pulls up the power FET’s gate-source
voltage. Meanwhile, the TIMER voltage is
discharged to zero. Once the gate voltage
reaches its threshold (Vesth), the output voltage
begins to rise. The rise time is determined by the
soft-start capacitor.
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Soft Start (SS)

A capacitor connected to SS determines the soft-
start time. When the insertion delay time ends, a
constant-current source proportional to the input
voltage charges up the SS voltage. The output
voltage rises at a similar slew rate to the SS
voltage.

The SS capacitor value can be calculated with
Equation (3):
6t

Rss (3)

Css =

Where tgs is the soft-start time, and Rgs is 1.1MQ.

For example, a 47nF capacitor gives a soft-start
time of 8.6ms.

If the load capacitance is extremely large, the
current required to maintain the preset soft-start
time exceeds the current limit. In this case, the
rise time is controlled by the load capacitor and
the current limit.

Float SS to generate a fast ramp-up voltage. An
8UA current source pulls up the gate of the power
FET. The gate charge current controls the output
voltage rise time. The approximate soft-start time
(1ms) is the minimum soft-start time.

Enable and LOADEN

EN and LOADEN are used to control the on/off
status of the MP5022C (see Table 1).

During the LOADEN blanking time, EN = 1 alone
is sufficient to turn on the switch. After the
LOADEN blanking time expires, both EN = 1 and
LOADEN = 1 are required to turn on the switch.
At all times, EN = 0 turns off the switch. Recycle

Please note that LOADEN is used to shut down
the power switch after the LOADEN blanking
time, but LOADEN cannot turn on the power
switch by recycling LOADEN only (see Figure 5).

Power FET| ot | I I I

i } i [ i

oroen L [ L4l i i iy
i

ENTM

EN

Figure 5: EN/LOADEN Timing Diagram

EN is pulled high internally with a 2uA internal
pull-up current source.

Once the part is enabled, the insertion delay
timer starts. When the insertion delay time ends,
the internal 8pA current source charges the
power FET's gate. Charging takes about 1ms for
Ves to reach its threshold. Then the output
voltage rises following the SS controlled slew
rate.

LOADEN Blanking Time

Supposing EN is high, LOADEN has a
programmable blanking time that prevents
LOADEN from de-asserting during the blanking
time (see Figure 6). All fault functionality is
operative during start-up, so the power switch
shuts down if a fault is detected. However,
LOADEN going low during this blanking time will
not turn off the switch. At the end of the blanking
time, LOADEN operates normally.

EN or VIN to restart the chip once it is latched off. | 1 I
Table 1: EN/LOADEN Blanking Time ey J ; i
i | |
LOADEN blanking EN | LOADEN | Status | 1.24v i
time over? TIMER 1
N 0 0 Off f@&ﬁ! 1
N 0 1 Off : I !
N 1 0 On LOADEN | : : :
N 1 1 On 1 | 124y
v 0 0 Off | ! '
ENTM
Y 0 1 Off | /—I—\I
v 1 0 off Vour i ;
2 = 1 t
Y 1 1 On j LOADEN Blanking time g
Figure 6: LOADEN Blanking Time
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The blanking time can be set by a capacitor

connected to ENTM. The blanking timer
capacitor is calculated with Equation (4):
-6
Cenrm = fions 10
1.24 (4)

Where t png IS the LOADEN blanking time, and
Centm is the LOADEN blanking time capacitor on
ENTM. For example, a 1luF capacitor gives a
blanking time of 1.24s.

Floating ENTM generates a fast ramp-up voltage
on ENTM. The blanking time during this period is
negligible.

Input-to-Output Short-Circuit Detection

The MP5022C can detect a main pass FET
during power up by treating an output voltage
exceeding V| - 0.8V during start-up as a short on
the MOSFET. FLTB goes low to indicate a fault
condition and the power switch is held off. Once
Vour £ Viy - 0.8, the part starts up normally.

Internal VCC SUB Regulator

The MP5022C has an internal 4V linear sub-
regulator that steps down the input voltage to
generate a 4V bias supply that powers low-
voltage circuitry. The regulator is enabled when
Vi exceeds its UVLO threshold and EN is high.

AVIN

AVIN is the power supply for the internal VCC
sub-regulator. Connect a 49.9Q) resistor from VIN
to AVIN and a 2.2uF bypass capacitor to GND to
guarantee full operation in the event VIN
collapses during a strong short from VOUT to
GND. VIN has UVLO protection, but AVIN does
not provide UVLO protection. Do not use AVIN
alone to power off the MP5022C. The AVIN
supply current is 500pA, typically.

Over-Voltage Lockout (OVLO)

The MP5022C monitors the supply voltage
through OV pin for input over-voltage conditions.
An external resistive divider from VIN to OV
provides flexibility for setting the over-voltage
lockout threshold.

When the voltage on OV pin exceeds 1.24V, the
internal MOSFET is shut down, and the output is
disabled. When the voltage on OV pin falls below
1.24V-Voy nvs, internal MOSFET is turned on
again and the output ramps up with a soft-start.

Under-Voltage Lockout (UVLO)

If the supply (input) falls below the under-voltage
lockout (UVLO) threshold, the output is disabled
and PG goes low.

When the supply exceeds the UVLO threshold
without exceeding the OV threshold, the output is
enabled.

Monitoring the Output Current

IMON provides a current proportional to the
output current (the current through the power
device). The gain of the current sense amplifier
with 10pA/A, which means that for every amp the
main FET conducts, IMON provides 10pA of
current.  Placing a 10kQ resistor to ground
creates a voltage between 0V and 2V when the
MOSFET current ranges from OA to 20A. The
voltage compliance for IMON is from 0V to 3V.
Place a capacitor more than 10nF in parallel with
Rwmon during application.

MP5022C Rev. 1.0
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APPLICATION INFORMATION

Current Limit Set (Rser)

The MP5022C current limit value should be
higher than the normal maximum load current,
allowing for tolerances in the current sense
value. The current limit can be set using
Equation (5):

Lo = &(V) x10° (A)

SET (5)
When the current limit is set lower than 7A,
place an R-C circuit in parallel with the ISET

resistor (see Figure 7). Generally, choose R =
20kQ and C = 560pF.

ISET

RSET

Figure 7: R-C Filter Circuit for ISET

Figure 8 shows a quick graphical view of the
Rser resistor value vs. the desired current when
the desired current limit is greater than 7A.
Table 2 provides the bench results for the
evaluation board.

Table 2: Current Limit vs. Current Limit Resistor

Current limit resistor (kQ) | 6.8 16.2 | 324

Current limit (A) 19 8 4.06

20\
18
<
= 16
s
5 14 \
|_
Z 12 N\
] N
g N,
10 N
3]

8

)

6
6 8 10 12 14 16 18 20
CURRENT LIMIT

SET RESISTOR (kQ)

Figure 8: Current Limit vs. Rggr Value (Current
Limit 27A)

Figure 9 shows a graphical view of the RSET
resistor vs. the current limit for currents 7A and
below.

L\

CURRENT LIMIT (A)
N

N
2
1 T—
10 30 50 70 90 110 130
CURRENT LIMIT
SET RESISTOR (kQ)

Figure 9: Current Limit vs. Rggr Value (Current
Limit <7A)

Current Monitor Set

The MP5022C can monitor the power MOSFET
current. Place a resistor (Ryon) t0 ground to set
the gain of the output. The theory equation is
shown with Equation (6):

[ _ 'POWER_FET (A)

MON — 5
10 (6)

Where lpower rer IS the current flowing from the
power MOSFET. Placing a 10kQ resistor from
IMON to GND can achieve 100mV/A. Place a
capacitor more than 10nF from IMON to GND
to smooth the indicator voltage.

MP5022C Rev. 1.0
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PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For best results, refer to Figure 10
and follow the guidelines below.

1. Place the high current path from the board’s
input to output and the current return path in
parallel with a minimized loop to reduce the
loop inductance.

2. Place a transient voltage suppressor diode
(TVS) at VIN.

3. Place TVS as close as possible to VIN.

TVS is used to absorb the input voltage
spike from the system input line spike or
when the load current of the MP5022C
decreases sharply, which generates a
voltage spike at VIN.

4. Connect the MP5022C’s GND to a small
GND island, in which all the signal GNDs of
the part are referenced.

This signal GND island can be

connected to the main PWR GND of the

system via a single point grounding
method.

5. Ensure that the input decoupling capacitors

on VIN have a minimal trace length to VIN
and to GND.

6. Place the Schottky diode close to VOUT
and GND to absorb negative voltage spikes
when the power FET is shut off.

7. Place output capacitors as close to the
MP5022C as possible to minimize the effect
of PCB parasitic inductance.

8. Keep the IN and GND pads connected with
large coppers.

9. Place vias on the thermal pad to achieve
better thermal performance.

10. Ensure that all VIN and VOUT pins are
connected to achieve equal current
distribution of each lead or pin.

o
C
5

GN

®e 9
®® ®©
®® ®©
®® ® ©

© \o

(@)

: +
®® ©® ©
@@ ® 6
®® ©®©
@0 ® o

® ®
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o
o

@ @

® @
® ®
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@ @

® @
® @

® @

VIN

Signal GND

Figure 10: Recommended Layout

Design Example

The detailed application schematic is shown in
Figure 11, Figure 12 and Figure 13. Figure 11
shows the application circuit for applications
over the current limit 27A. Figure 12 is the
application circuit for applications over the
current limit <7A. Figure 13 is the application
circuit with LOADEN unused. The typical
performance and waveforms are shown in the
Typical Performance Characteristics section.
For more detailed device applications, please
refer to the related evaluation board datasheet.
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TYPICAL APPLICATION CIRCUITS

VIN (12V)
o
A U1 _ vour
D3 2
SMCJ12A L c1p i o R3 R1
| Litlefuse T 1uF 2| o i 499 120k
R <RS ot D1 —-C2A - C3A_l+ caB
—4 365K S385K our C11 B3soA | NS [ 470uF] NS
L » 2.2fF
ENO = P - AVIN I R2
"%‘DEN 2 | Loas MP5022C = 10k
1 G(’S‘D
—=C9 SR10 <RM_LGCI0 _c6 wF 5|, ov =
GND 10nFS 100K S 100K | 10nF i [ R4 61K o S
+ C7H220nF 4 | R pg |10 ! +gv3
= = .. 8K R5 51K
= ey Uimi-104 | RL,G8K 5| it (2 | FLTB
O
08H47nF 6 | g5 g . IMON
IMON O
N R6 lc4 GND
1 1 10K T 100nF 0
GND
ao
Figure 11: Over-Current Limit 27A Applications
VIN (12V)
O
;& U1 - V8UT
D3 P T
ALSMCIT2A | 45 i our
-| Littefuse T TaF 2|y our R3 Dok
RS9 R8 g% 499 D1 ——C2A ;% C3A = c3B
mi 365K S365K our o1 B330A | NS [ 470uF| NS
Ef‘é) D 1 e AVIN2 I-ZU R2
LOADEN 2| oum  MP5022C = 1ok
O ov L1 GgD
C6 | 1uF =
P w5
R4 51K
c7 HZZOHF 4| vEr e 10 J- 1 +3v3
, RS 61K 1 O
Fault FLTB
L O
g . IMON
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N R6 lu GND
1 10K T 100nF 0
GITQD =
@D
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Figure 12: Over-Current Limit <7A Applications
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TYPICAL APPLICATION CIRCUITS (continued)

VIN (12V)
o) ‘
z& ut vour
D3 21
ALRSMCH2A | o VN
Littlefuse T 1uF 2 | gy |1?210k
R8 ot —Lcaa —* C3A_L+ c3B
1 365K Ba3oA | NS 470uF | NS
EN @D - E-zl‘ R2
) MP5022C = 10k
Cs LOADEN 1 GND
T, R9 Loaden unused o O
GND 10nF < 100K 3 | pene = o
GND
° C7 ;|220nF 4 " R4 51K O
1 e it TIMER PG 1 +%V3
L = = R5 51K
axp o o a2 J FLTB
'}
2 IMON
ol IMON O
b R6 lc4 GND
1 10K T 100nF o
GD =
G
P

Figure 13: LOADEN Not Used
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PACKAGE INFORMATION
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NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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