The Future of Analog IC Technology®

MP5921

16V, 50A, 1mQ Rbs(on),
Hot-Swap Intelli-Fuse Solution

DESCRIPTION

The MP5921 is a monolithic, integrated
controller and switch that contains a high-side
MOSFET and other circuitries that enable it to
work in standalone operation or to be controlled
by a hot-swap controller. The MP5921 drives up
to 50A of continuous current per device at room
temperature. With air flow, the continuous
current can reach 60A.

The MP5921 limits the inrush current to the
load when a circuit card is inserted into a live
backplane power source, thereby limiting the
backplane’s voltage drop. The MP5921 limits
the internal MOSFET current by controlling the
gate voltage through the current limit reference
input and soft-start ramp.

The MP5921 offers many features to simplify
system design. It provides an integrated current
mirror to monitor the output current and on-die
temperature sensing, eliminating the need for
an external current-sense power resistor, power
MOSFET, and thermal sense device.

The MP5921 detects the power FET gate,
source, and drain short conditions and can
feedback to the hot-swap controller via the fault
reporting output (GOK). The MP5921 can be
paralleled for higher current applications. All
devices in parallel share current actively during
soft start.

The MP5921 is available in a QFN-28
(4mmx5mm) package.

FEATURES

e 4V to 16V Operating Input Range

e Maximum 50A Output Current

Supports 60A of Output Current with Air

Flow

Integrated Switch with 1mQ Rps(on)

Built-In MOSFET Driver

3.0V LDO Output

Integrated Current Sensing with Sense

Output

Separate Current Sensing Output Used to

Program Over-Current Value

Built-In Insertion Delay

Adjustable Soft Start (SS)

Output Short-Circuit Protection (SCP)

Over-Temperature Protection (OTP)

Built-In Fuse Health Reporting

Fault Signal Output

Parallel  Operation  for

Applications

Integrated Intelli-Fuse Temperature Sense

e Output Voltage Power-Down Control

e Available in a FCQFN-28 (4mmx5mm)
Package

APPLICATIONS

Hot Swap
PC Cards
Disk Drives
Servers
Networking

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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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

TYPICAL APPLICATION
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MP5921 Controlled by Hot-Swap Controller
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MP5921 Controlled by Hot-Swap Controller in Parallel Application
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

mes

TYPICAL APPLICATION (CONTINUED)
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MP5921 Standalone Operation (Set Rimon 2 Rcs)
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MP5921 Standalone Parallel Operation
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mpj MP5921 — 16V, 50A, 1mQ Rps(on), HOT-SWAP INTELLI-FUSE SOLUTION

ORDERING INFORMATION

Part Number* Package Top Marking
MP5921GV QFN-28 (4mmx5mm) See Below

* FOR TAPE & REEL, ADD SUFFIX —Z (E.G. MP5921GV-Z)

TOP MARKING

MPSYWW
MP5921
LLLLLL

MPS: MPS prefix

Y: Year code

WW: Week code
MP5921: Part number
LLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
o L A
5,288,858
S 6 8386 > =236 0 6 o
28 27 26 25 24 23 22 21 20 19
vIN[«+ {1 |VN
47 |ouT
VIN 2
16 |OUT
15 |ouT
viN[a
5 6 7 8910111271314
E F E EE F EFE EFE E E
2 2D D2 2O D> DD D D2
O O 0 00 O O o oo
QFN-28 (4mmx5mm)
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

ABSOLUTE MAXIMUM RATINGS ("

VIN (DC).cooeeeeeieeeeeee e -0.3V to +20V
VIN (THS) oo +24V
VIN (25NS) .eeiiiiiiieeeee e +29V
OUT e -0.3V to +20V
All other pins ........coooicieiieeiee -0.3V to +4.2V
Continuous power dissipation (Ta = 25°C) (2)

................................................................... 3.29W
Junction temperature ............ccccooiiieeenn. 150°C
Lead temperature...........cccccoeoiiiinnnnns 260°C
Storage temperature................. -65°C to +155°C

Recommended Operating Conditions )
Input voltage operating range............. 4V to 16V
Operating junction temp. (T,)....-40°C to +125°C

Thermal Resistance ¥ 0,4 O.c
FCQFN-28 (4mmx5mm)........ 38 ...... 8...°C/W

NOTES:

1) Exceeding these ratings may damage the device.

2) 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)/0sa. 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.

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

4) Measured on JESD51-7, 4-layer PCB.
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

ELECTRICAL CHARACTERISTICS
VIN =12V, Rcs = 2kQ, Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

Parameters Symbol ‘ Condition | Min | Typ ‘ Max ‘ Units
Supply Current
Intelli-Fuse on, no load 1.8 2.7 mA
Quiescent current la Fault latch off 1.5 24 mA
Intelli-Fuse off, VIN = 16V 1.6 2.5 mA
VDD3 Regulator and Under-Voltage Lockout (UVLO)
VDD3 regulator output voltage VDD3 Ivbps = OmA 2.855 | 3.05 | 3.245 Vv
VDD3 regulator load capability Ivbp3 VOL = VDD3 - 40mV 14 15 16 mA
?i/s?r?; under-voltage lockout threshold VDDuyrh 298 | 241 254 Vv
VDD33 unde_r voltage lockout VDDvyrL 19 204 | 218 Vv
threshold falling
VDD3 ur}der-voltage lockout threshold VDDhys 370 mv
hysteresis
VIN Under-/Over-Voltage Protection (UVP, OVP)
?i/gi\:‘;nder-voltage lockout threshold VINVTHR 274 | 291 | 3.08 Vv
;z/allll\ilnl;nder—voltage lockout threshold VINVTHE 238 | 258 | 278 Vv
VIN over-voltage protection VINovp 17 18.5 20 V
Power MOSFET
. T,=25°C 1 1.25
On resistance Rbs(on) T,=125°C ® 135 11625 mQ
Off-state leakage current lore VIN = 16V, power FET off 1 MA
Short-Circuit Current Limit
Short-circuit current limit ) ILimitsc 80 100 120 A
g)hort-cwcwt protection response time tsc 200 ns
Current Limit Reference (CLREF)
Internal CLREF current lcLREF 8.5 10 11.5 MA
0,
Yoe & oo < B0%VIN. 1 570 | 635 | 699 | mv
CLREF internal max current limit VoLrer cLawe | Vee at Vour < 80 VIN
clamp B Ty =125°C 6 370 | 440 | 510 | mV
Vout 2 80%VIN 1.44 1.6 1.76 V
. . Vout 2 90%VIN,
CLREF over-current regulation time tcL_reG CLREF = 0.3V 120 180 240 us
Vour < 1/8VIN, power
Short-circuit start-up protection timer tsc_tmer  |FET current is regulated 2.1 3.2 ms
by Vee
Current Sense Output (CS)
CS sense gain lout > 5A 9.7 10 10.3 | yA/A
CS sense gain offset lout > 5A -2.5 2.5 MA
Over-current D_OC high to low Vout 2 90%VIN,
threshold Vooc.T | 3y < CLREF < 1.6V 08 | 085 | 0.9 | Veirer
MP5921 Rev.1.01 www.MonolithicPower.com 6
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

ELECTRICAL CHARACTERISTICS

VIN = 12V, Rc¢s = 2kQ, Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

Parameters | Symbol |Condition ‘ Min ‘ Typ ‘ Max ‘ Units

VTEMP

VTEMP sense gain ©® Sense range 0 - 140°C 8 8.7 94 |mV/°C

VTEMP sense output © Ty=25°C 370 mV

Soft Start (SS)

SS pull-up current s N 12V, lss dependent| 45 | 45 | 47 | A

Current Monitor Output (IMON)

IMON sense gain loutr > 5A 9.7 10 10.3 | pA/A

IMON sense gain offset lout > 5A -2 2 MA

ON/PD

Internal ON/PD current lon_PD 3.2 4.2 5.2 MA

FET on insertion delay time ToLy_oN VIN and VDD3 > UVLO 1.3 1.8 ms

FET on input rising threshold VoN_vth ON/PD rising 1.26 1.4 1.54 V

FT on hysteresis VON_hys 200 mV

FET on to PD mode threshold Vpp_vth fa | ON/PD falling 1.08 1.2 1.32 \%

PD mode to off mode threshold Vorr vin fai | ON/PD falling 0.68 0.76 0.84 \Y

PD mode pull-down resistor Rep 250 500 750 Q

PD mode pull-down delay time tpo_DLY 21 3.2 ms

Thermal Shutdown

g\lljtletrﬂt:;perature shutdown and GOK tsTo 143 °c

GOK Output

Output low voltage VoL cok | Sink current TmA 0.2 \%

GOK bar off-state leakage current lcok_LkG Veok = 3.3V 1 MA

D_OC Output

Output low voltage VoL poc |Sink current TmA 0.2 \%

D_OC bar off-state leakage current Ipoc ik |Vb_oc = 3.3V 1 MA

FET Short Detection

S(’Bh(zﬁ fault flag for FET drain-to-source Vour psT Measured at Vour during 85% | 90% | 95% VIN
After ON_PD goes high, if

Maximum soft-start time Tssmnx | poon o tom ot fuse | 200 | 270 | 340 | ms
is not fully on

NOTE:

5) Guaranteed by design.
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mps MP5921 — 16V, 50A, 1mQ Rps(on), HOT-SWAP INTELLI-FUSE SOLUTION

TYPICAL CHARACTERISTICS
VIN =12V, Rcs = Rimon = 2kQ, Ta =+ 25°C, unless otherwise noted.

Quiescent Current vs. Temperature Quiescent Current vs. Temperature
ON/PD = LOW, VIN = 16V ON/PD = High
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mps MP5921 — 16V, 50A, 1mQ Rps(on), HOT-SWAP INTELLI-FUSE SOLUTION

TYPICAL CHARACTERISTICS (continued)
VIN =12V, Rcs = Rimon = 2kQ, Ta = +25°C, unless otherwise noted.

OCP Regulation Time vs. Temperature Internal PD Resistor vs. Temperature
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

TYPICAL CHARACTERISTICS (continued)
VIN =12V, Rcs = Rimon = 2kQ, Ta = +25°C, unless otherwise noted.

VDD3 Load Regulation
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mpj MP5921 — 16V, 50A, 1mQ Rps(on), HOT-SWAP INTELLI-FUSE SOLUTION

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN = 12V, Cout = 4700uF, Css = 100nF, Rcs = Rimon = 2kQ, RcLrer = 110kQ, GOK is pulled

up to VDD3, Ta = +25°C, unless otherwise noted.

VIN Hot Plug VIN Hot Plug
lout = 0A loutr = 10A
U 1 u b
— .
CH2: Vin CH2: Vin
5V/div. 5V/div.
CH1: Vour CHA1: Vour
5V/div. 5V/div.
A
CH3: GOK CH3: GOK
vidiv. P | — 2V/div.
CHA: IN [l e CH4: I
5A/div. 10A/div.
4ms/div. 4ms/div.
Shutdown through VIN Shutdown through VIN
lout = 0A lout = 15A
v oo y
CH2: Vin B CH2: Vin L \
5vidiv. | 5Vidiv. ¥
CH1: Vour I CH1: Vour iy
5V/div. - - \ 5V/div. e
'
CH3: GOK e o cHz:GoK | -, o
2vidiv. " R e 2vidiv. |
CH4: Iin |- o ————— L CH4:In
5A/div. o el 5A/div.
40ms/div. 4ms/div.
Start-Up through ON/PD Start-Up through ON/PD
lout = 0A lour = 10A
U H V]
CH2: ON/PD CH2: ON/PD
2V/div. 4 2V/div. n
CH1: Vour CH1: Vour
5V/div. 5V/div. -
CH3: GOK CH3: GOK
2V/div. 2V/div.
CH4: Iin CH4: In
10A/div. 10A/div.
4ms/div.

4ms/div.

1"
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN = 12V, Cout = 4700pF, Css = 100nF, Rcs = Rimon = 2kQ, RcLrer = 110kQ, GOK is pulled
up to VDD3, Ta = +25°C, unless otherwise noted.

CH2: ON/PD
2V/div.

CH1: Vour
5V/div.

CH3: GOK
2V/div.

CH4: I
2.5A/div.

CH2: ON/PD
2V/div.

CH1: Vour
5V/div.

CH3: GOK
2V/div.

CH4: I
10A/div.

CH1: Vour
5V/div.
CH2: VN
5V/div.

CH3: GOK
2V/div.

CH4: I
10A/div.

Shutdown through ON/PD
lout = 0A, Cout = 4700uF, w/ PD

1s/div.

Shutdown through ON/PD
lout = 10A, w/o PD

2ms/div.

ocpP
CLREF = 0.6V, lumt = 30A

\

SIS

—

200ps/div.

CH2: ON/PD
2V/div.

CH1: Vour
5V/div.

CH3: GOK
2V/div.
CH4: In
2.5A/div.

CH1: Vour
5V/div.
CH2: VN
5V/div.

CH3: GOK
2V/div.

CH4: In
25A/div.

CH1: Vour
5V/div.
CH2:

CLREF
500mV/div.

CH3: GOK
2V/div.

CH4: In
25A/div.

Shutdown through ON/PD
lout = 0A, Cout = 4700uF, w/o PD

4s/div.

ocp
CLREF = 1.1V, lumt = 55A

200ps/div.

ocP
lout = 40A, Decrease CLREF from 1.1V to OV
\\
b N
2
B
1ms/div.
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN = 12V, Cout = 4700uF, Css = 100nF, Rcs = Rimon = 2kQ, RcLrer = 110kQ, GOK is pulled
up to VDD3, Ta = +25°C, unless otherwise noted.

SCP Entry Short-Circuit Start-Up
‘ 1 ]
CH1: Vour j‘ - CH1: D_OC o
svidiv. | 2vidiv. |
cHz2Vvn | /\ CH32: \%M K
i - e V.
5V/div. . CH2: CS L /
CH3: GOK 500mV/div. i
2V/div. g e
CH4: Iin
. CH4: I
25A/div. 10A/div. P
10us/div. 1ms/div.
D_OC Status at Normal Operation VIN OVP
Increase Load, D_OC is pulled down when CS lout = 5A, apply 18.5V on VIN, then turn off VIN
reaches 0.94V
CH2: Vi
10V/div.
CH1: Vour
10V/div.
T, P o P
CH3:D_OC —
2Vidiv.
CH3: GOK e
CH2:CS [ ) B
2vidiv. P
500mV/div. _..--""'f v
e
CH4: In CH4: I
25A/div. [P 5A/div. [ |
400us/div. 10ms/div.
Current Balance During Start-Up Current Balance During Start-Up
at Paralleling at Paralleling
3-MP5921 parallel, Rimon = RCS per MP5921, 3-MP5921 parallel, Rimon = RCS per MP5921,
loutr = 0A lour = 37.5A
- -
4
CH1: Vour CH1: Vour
5vidiv. P 5Vidiv.  [|”
CH2: Cs1 CH2: CS1 L
200mV/div. ‘ 200mV/div. "
CH3: CS2 [ AT CH3: CS2
200mV/div. ‘ 200mV/div.
CH4: CS3 CH4: CS3
200mV/div. 200mV/div.
4ms/div. 4ms/div.
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PIN FUNCTIONS

MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION

Pin # Name Description
1-4,18 VIN System input power supply. The MP5921 operates from a 4V to 16V input rail.
5.17 ouT Output voltage controlled by the IC. OUT is connected to the source of the

integrated MOSFET.

19 D OC Digital output of the over-current indication. D_OC is an open-drain output. When

- the CS voltage (Vcs) is higher than 85% of CLREF, the D_OC logic is pulled low.

Power FET on/off control or OUT voltage pull-down mode control. Drive ON/PD
above 1.4V to turn on the power FET. Drive ON/PD low to turn off the power FET.

20 ON/PD Force the ON/PD voltage to around 1V to pull down Vour with an integrated 500Q
resistor after a 2.1ms delay. Connect a 10kQ resistor from ON/PD to the hot-swap
controller when the MP5921 is controlled by the controller. Do not float ON/PD.

21 CLREF | Current-limit reference voltage input.

20 cs Current sense output. CS requires an external resistor. The CS voltage (Vcs) is
compared with CLREF to determine the current limit.
Current monitor output. The output current is proportional to the current flowing

23 IMON :
through the power device.

24 VDD3 Internal 3.0V LDO output. VDD3 can be driven with an external 3.3V to reduce loss
from VIN. Place a 1uF decoupling capacitor close to VDD3 and GND.

25 GND Signal ground.
Soft-start set. An external capacitor connected to SS sets the soft-start time of the

26 SS output voltage. The internal circuit controls the slew rate of the output voltage during
turn-on.
Intelli-Fuse fault reporting output. GOK asserts low and latches after a fault occurs.

27 GOK The faults that can trigger GOK include over-current fault (during normal operation),
short-circuit fault, over-temperature fault, and FET health fault. GOK is an open-drain
output pin.

28 VTEMP |Junction temperature sense output.

MP5921 Rev.1.01
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MP5921 — 16V, 50A, 1mQ Rpson), HOT-SWAP INTELLI-FUSE SOLUTION
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BLOCK DIAGRAM
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OPERATION

The MP5921 is a monolithic, high-side
MOSFET with 1mQ Rpspon) ideally suited for
multi-fuse hot-swap applications. The MP5921
can work in standalone operation or can be
controlled by a hot-swap controller for multi-
fuse operation. The MP5921 drives up to 50A of
continuous current per device at room
temperature and can reach 60A with air flow.

The MP5921 limits inrush current to the load
when a circuit card is inserted into a live
backplane  power source, limiting the
backplane’s voltage drop. The MP5921
provides an integrated solution to monitor the
output current and die temperature, eliminating
the need for an external current-sense power
resistor, power MOSFET, and thermal sense
device. It also provides monitored current and
temperature information feedback to the
processor or controller. The MP5921 limits the
internal MOSFET current by controlling the gate
voltage through the current-limit reference input
and soft-start ramp.

Current Limit at Start-Up

The MP5921 load current is limited by the
current limit reference input and the CS external
resistor. The CS voltage (Vsc) is compared with
the current limit reference through an amplifier
to regulate the power FET gate voltage. This
prevents the Intelli-Fuse current from exceeding
the current-limit reference-defined current limit.
The current-limit reference voltage is set
through CLREF and clamped low internally
during soft start to allow a controlled and
gradual ramp up of Vour. Once Vour is ramped
close to VIN, the current limit reference can be
raised to the full current limit level set by the
CLREF voltage. The power FET gate is fully
enhanced, and the e-fuse is ready to deliver full
power from the input.

To protect the MP5921 from overheating during
start-up, the current limit reference signal has
an internal maximum clamp that depends on
VIN and Vour (see Figure 2). When Vour <
80%VIN, the current limit reference is clamped
to Vee (around 635mV with a negative
temperature coefficient). When Vour 2 80%VIN,
the maximum current limit reference voltage is
clamped to 1.6V.

If the external CLREF voltage is lower than the
clamp voltage (Vcirer cLame), the actual current
limit reference voltage is determined by the
CLREF voltage.

A
1.6V
VCLREF cLAMP
Vig
ov
80%Vn
Vour
ov
>

Figure 2: CLREF Clamp According to Vour

The desired start-up current limit (lumit ss) is a
function of the CS resistor (Rcs), start-up
current sense gain, and CLREF voltage
(Vcirer_ss)- The value of the current sense gain
at start-up is slightly higher than when the
power FET is fully on.

The Vour power-up ramp time can be estimated
approximately with Equation (1):

VI N

LIMIT_SS ~ lLOAD )

’ COUT (1

tRAMP = (|

The Vour ramp time varies with the load
condition and the output capacitor (Cour) while
adopting the CLREF current limit during start-up.

During start-up, once Vcs exceeds Vcirer ss,
the power FET gate voltage is regulated to hold
the FET current constant. If the power FET
remains on while Vour remains lower than
90%VIN within the 270ms maximum soft-start
time, the power FET is shut down when the
270ms time ends. If the value of Vcirer ss is
higher, the power FET start-up instantaneous
loss would be huge, triggering the thermal
shutdown threshold (143°C) before the 270ms
time ends and driving GOK low (see Figure 3).

During start-up, if Vour is lower than 1/8*VIN
and the power FET current is regulated by Vge
for 2.1ms, the power FET is turned off as a
faulty latched condition, and GOK is pulled low.
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Figure 3: Failed Start-Up within 270ms

Current Limit at Normal Operation

When the output voltage has ramped up close
to VIN, and Vour is higher than 80%VIN, the
internal current limit reference clamp voltage is
released to 1.6V, and the power FET gate
voltage is close to the internal charge pump
voltage. Once the MP5921 detects that the
start-up has finished, the part works in normal
operation.

During normal operation, once Vcs (which is
programmed by an external resistor) exceeds
the normal CLREF threshold, the internal circuit
regulates the gate voltage to hold the power
FET constant. To limit the current, the gate to
the source voltage needs to be regulated from
3.3V to around 1V. The typical response time is
about 14us. The output current may have a
small overshoot during this time period.

When the current limit is triggered, the internal
fault timer starts. If the output current falls
below the current limit threshold before the end
of the 180us fault time-out period, the MP5921
resumes normal operation. Otherwise, if the
current limit duration exceeds the fault time-out
period, the power FET is latched off and GOK is
pulled low.

The desired current limit at normal operation is
a function of the CS external resistor (Rcs).

The MP5921 current limit value can be higher
than the normal maximum load current,
allowing tolerances in the current sense value.
The current limit can be set using Equation (2):

I _ VCLREF_NORM (2)
LIMIT —

cs ‘Rcs
Where Vcirer norm is the CLREF voltage in
normal operation, and gcs is 10uA/A, which is
the current sense gain when the power FET is
fully on. The FET works in the linear region.

Short-Circuit Protection (SCP)

If the load current increases rapidly due to a
short circuit, the current may exceed the current
limit threshold significantly before the hot-swap
control loop can respond. If the Intelli-Fuse
current reaches 100A, a fast turn-off circuit in
the Intelli-Fuse is activated to turn off the power
FET. The total short-circuit response time is
about 200ns. The GOK signal is pulled low
when the power FET current reaches 100A
current limit and asserts low.

Power-Up Sequence

For hot-swap applications, while the input
voltage rises immediately, the power FET gate
voltage should always be pulled low during the
VIN plug-in with high dV/dt.

There are two operation modes for the MP5921:
controlled by a hot-swap controller or
standalone.

If MP5921 is controlled by a hot-swap controller,
the power FET remains off until the ON/PD
signal is pulled high. When the ON/PD signal
becomes high and the insertion delay time ends,
the power FET is charged up by the internal
12uA charge pump. Once the MP5921 power
FET voltage (Ves) reaches its threshold (Vgsth),
the output voltage rises (see Figure 4). The
maximum Vcs is clamped to Vcirer _ss if the load
current is high.

If the ON/PD signal stays high from the hot-
swap controller, the MP5921 can also be turned
on or off through the input voltage.
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Figure 4: Start-Up when MP5921 is Controlled by
Hot-Swap Controller

If the MP5921 works in standalone mode, an
external capacitor (Con) can be connected from
ON/PD to ground for an automatic start-up (see
Figure 5). The internal 4.2uA current source
charges the capacitor when VDD3 is higher
than the UVLO. ON/PD can also be pulled up
externally to the VDD3 voltage. A 10pA CLREF
current source determines the current limit level
through a resistor to ground.

ViNno

Figure 5: MP5921 Schematic when Operating in
Standalone Mode

Once the ON/PD voltage exceeds 1.4V and the
insertion delay time ends, the power FET is
charged up by the internal 12uA charge pump.
The power FET is turned on when Vgs reaches
Vast, and then the output voltage rises. The
current-limit reference voltage is clamped
internally to different voltage levels according to
Vout. The external CLREF voltage is higher
than the internal Vge clamp (see Figure 6).

If the external CLREF voltage is lower than the
clamp voltage, the actual current limit reference
is determined by the CLREF voltage.

Vin
VDD3 —>MP5921 UVLO
1.4V_~
ON/PD
VcLrer_Norm <1.6V
| Vee
CLREF
3.3V

Ves

e

80%VIN
Vour
GOK
=

~ t
Insertion delay

Figure 6: Start-Up when MP5921 Operates in
Standalone Mode

Soft Start (SS)

A capacitor connected to SS determines the
soft-start time. When ON/PD is pulled high and
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 by
Equation (3):

9-tgs
RSS

Cqs = (3)

Where tss is the soft start time (ms), Css is the
soft-start capacitor (nF), and Rss is 0.923MQ.

For example, a 100nF capacitor provides a soft-
start time of 10.2ms. If the load capacitance is
extremely large, the current required to
maintain the preset soft-start time exceeds the
start-up current limit. In this case, the rise time
is controlled by the load capacitor and the start-
up current limit. Float SS to generate a fast
ramp-up voltage. A 12pA current source pulls
up the gate of the power FET. The gate charge
current controls the output voltage rise time.
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The approximate soft-start time is then 1.5ms,
which is the minimum output voltage soft-start
time.

ON/PD Control

ON/PD can be used for on/off control of the
power FET and the pull-down mode of the
output voltage. When ON/PD is used for on/off
control, the power FET is turned on if the
ON/PD voltage is higher than 1.4V. Once the
ON/PD voltage is lower than 1.2V, the power
FET is turned off. If ON/PD is used for Vour
pull-down mode, the ON/PD voltage must be
clamped at around 1V for more than 80us. The
MP5921 recognizes 0.8V < ON/PD < 1.2V as a
special state that requires Vour to be pulled
down.

If ON/PD is used to turn on the power FET,
there is a fixed 1.3ms insertion delay after
VDD3 and VIN pass the UVLO threshold. All
fault functionality is operative during the
insertion delay, so the GOK signal is pulled high
if no fault is detected or remains low if a fault is
detected. The power FET remains off until the
insertion delay time ends. At the end of the
insertion delay, ON/PD behaves normally to
turn on the power FET if no fault occurs. The
detail logic is shown in Figure 7 when GOK is
pulled up to the VDD3 voltage.

A
VIN/ I
VDD33 !
>1.4V

ON/PD |
GOK J 4

ON ON

SWITCH OFF

v

< DG
Insertion delay Insertion delay

Figure 7: Power FET On/Off Control when No
Fault Occurs

Once the ON/PD voltage is pulled above 1.4V
and the insertion delay ends, the internal 12pA
current source charges the power FET’s gate.
Once the gate voltage reaches its threshold
(Vesth), the output voltage rises. The output
voltage rises following the CLREF-controlled
current limit or SS slew rate and output
capacitor.

If the MP5921 works in standalone mode, a
capacitor on ON/PD can be used for automatic
start-up by the internal 4.2uA pull-up current
source. Once the ON/PD voltage reaches its
turn-on threshold, the power FET gate is
charged by the internal 12pA charge pump.

When the ON/PD voltage is set to around 1V,
the MP5921 works in pull-down mode (see
Figure 8). In pull-down mode, when the power
FET is turned off, an integrated 500Q pull-down
resistor attached to the output discharges the
output voltage after a fixed delay time (2.1ms).
If the ON/PD signal is pulled low directly, pull-
down mode is disabled, and the Intelli-Fuse
output voltage is discharged through the
external load.

A

VOUT

T ————
>1.4V
1.2V
ON/PD < Around{1V
0.8V
80us! PD delay
8V
FET on \_<08V
SWITCH FET off
Internal PD
Enable

Figure 8: Vour PD Mode

If the MP5921 is controlled by the hot-swap
controller, to achieve power FET on/off control
and Vour PD mode control, the ON/PD can be
connected as shown in Figure 9. Pull ON/PD up
to VDD3 through a resistor divider (Rpp and Ron)
from the controller. If ON/PD is set to around 1V
when the hot-swap controller outputs low to turn
off the power FET. Rpp can be calculated with
Equation (4):

2: RON (Q)

Rep = 4
P 1-4.2u-N-R. (Q) *)

Where N is the active parallel number. Choose
Ron to be 10kQ. For example, if N is 2, then Rpp
can be set to around 22kQ.
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Figure 9: ON/PD Connection for PD Mode

If the ON/PD is controlled by the hot-swap
controller and PD mode is unnecessary,
remove Rpp and connect ON/PD to the hot-
swap controller with a 10kQ resistor.

GOK Report

GOK is an open-drain, active-low signal that
reports the fault of the Intelli-Fuse. When a fault
occurs, GOK is pulled low. Pull GOK up to the
VDD3 voltage through a 100kQ resistor. During
VDD3 power-up, the GOK output is driven low.
Before the power FET is turned on, the GOK
fault condition is detected when VDD3 and VIN
have passed the UVLO threshold. ON/PD is
higher than 1.4V, so the GOK signal is pulled
high if no fault is detected or is pulled low if a
fault is detected.

There are four fault latch protections for the
MP5921.

1. Over-current protection: When Vcs exceeds
the CLREF threshold during normal
operation, the GOK signal is pulled low after
a 180us gate regulation time.

2. Short-circuit protection: When the Intelli-
Fuse load current reaches 100A rapidly,
GOK is pulled low immediately.

3. Over-temperature protection: Once the
junction temperature (T,) is higher than
143°C, GOK is pulled down.

4. Power FET not fully on indication: After the
FET is enabled and Vour begins ramping, if
Vout < 90%VIN for the maximum soft-start
time (270ms), GOK is driven low. If Vour <
1/8VIN, and the FET current is regulated by
Vge for 2.1ms, GOK is driven low.

When a latch fault occurs, GOK is pulled low.
The GOK fault latch can be released by
recycling VIN.

The MP5921 can detect a power FET drain-to-
source short before the FET is turned on. If a
short is detected, GOK is driven low. Once the
short is removed, GOK is released high again.

Figure 10 shows the power FET on/off control
with the GOK timing diagram when the MP5921
is controlled by the hot-swap controller.

VIN/‘
VvVDD33

Remove
Fault Remove Fault

Latch Fault |
GOK D-S short footure
ON/PD |_J
FET on FET on FET on
SWITCH FET off
—p — >

Insertion delay Insertion delay

Figure 10: Power FET On/Off Control when a
Fault Occurs

Damaged Intelli-Fuse MOSFET Detection

The MP5921 can detect a shorted pass FET
during power-up. Once VDD3 is higher than the
UVLO rising threshold, and ON/PD is higher
than the 1.4V FET on threshold, the MP5921
detects a shorted pass FET by treating an
output voltage that exceeds 90%VIN before the
FET turns on as a short on the MOSFET. The
GOK signal remains low when the MP5921
detects Vour > 90%*VIN during start-up. Once
the short is removed, and the MP5921 detects
that Vour < 70%*VIN, the GOK signal is
released high again, and the MP5921 prepares
for normal start-up.

D_OC Report

D_OC is an open-drain, active-low output that
reports the over-current warning when Vour 2
90%VIN. Once Vcs is higher than 85% of the
CLREF voltage, D_OC is driven low. When Vcs
drops below the threshold, D_OC is released
high again. Pull D_OC up to the VDD3 voltage
through a 100kQ resistor.
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Input and Output Transient Protection

The hot-swap system experiences positive
transients on the input during a hot plug or rapid
turn-off with high current due to parasitic
inductance in the input circuit. For input
transient protection, a transient voltage
suppressor (TVS) diode may be required on the
input to limit transient voltages below the
absolute maximum ratings.

The output may experience negative transients
during rapid turn off with high current due to
inductance in the output circuit. If a transient
makes OUT more negative, the power FET may
not turn off properly.

An output voltage clamp diode is required on
the output to limit negative transients. Select a
Schottky diode with a low forward voltage.

Current Sense Output (CS)

CS provides a current proportional to the output
current (the current through the power device).
The gain of the current sense is 10uA/A when
the power FET is fully on. There is a resistor
(Rcs) connected on CS to form an external
voltage. Determine a proper reference voltage
with Equation (5) and Equation (6):

ICS = |0UT*1OHA/A (5)
Ves = les*Res (6)

Once Vcs reaches the CLREF current limit
threshold, the internal circuit regulates the gate
voltage to hold the current in the power FET
constant.

Current Monitor Output (IMON)

The gain of the current monitor is 10uA/A.
There is a resistor (Rmon) connected from
IMON to ground. The IMON voltage range of
0V to 1.6V is required to keep IMON'’s output
current linearly proportional to the output
current. Determine a proper reference voltage
with Equation (7) and Equation (8):

Imon = lout™10uA/A (7)
Vimon = Imon*Rimon (8)

The MP5921 current monitor output can be
used by the controller to accurately monitor the
output current. Place a 100nF capacitor from
IMON to GND to smooth the indicator voltage.

Connect a 2kQ resistor (Rimon) to ground to set
the gain of the output, which is about 20mV per
ampere. For the best accuracy, use resistors
within 1%.

Current Balance for Parallel Operation

Multiple MP5921 devices can be used in
parallel for higher current applications. The
current balance loop in the MP5921 is used to
balance the start-up current per active channel.
All IMON pins must be connected together.

The sensed current from each active MP5921
IMON is summed together and divided by the
number of active channels. The resulting
average load current provides a measure of the
total load current. The MP5921 current balance
is achieved by comparing the sensed current of
CS in each MP5921 to the average current to
make an appropriate adjustment to the power
FET gate voltage of each Intelli-Fuse during
start-up. The equivalent average IMON resistor
can be calculated by Rcs/N, where N is the
number of active MP5921 devices.

Start-up current balance is essential in
achieving the thermal advantage of paralleling
operation. With good current balance, the
power loss is dissipated equally over multiple
devices and a greater area.

Temperature Sense Output (VTEMP)

VTEMP reports the junction temperature when
there is no thermal gradient on the IC. VTEMP
is a voltage output proportional to the junction
temperature whenever VDD3 is higher than its
UVLO threshold and the MP5921 is in active
mode. The VTEMP output voltage is 8.7 mV/°C
with a 152.5mV offset and can be calculated
with Equation (9):

V1emp = TyuncTion*8.7mV+152.5mV (9)

For example, if the junction temperature is
100°C, the VTEMP voltage is about 1.022V. If
VTEMP is OV, the junction temperature is about
-18°C. The total temperature sense range is
-18°C to 140°C. When the junction temperature
is below -18°C, VTEMP remains at 0V.

In multi-fuse operation, the VTEMP pins of each
Intelli-Fuse can be connected to the
temperature monitor pin of the controller (see
Figure 11).
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Figure 11: Multi-Fuse Temperature Sense
Utilization in Paralleling

Thermal Protection

The Intelli-Fuse temperature is sensed by
internally monitoring the junction temperature of
the IC. The temperature information can be
read from VTEMP.

The Intelli-Fuse has thermal protection. When
the junction temperature exceeds the threshold
(143°C), the power FET is turned off, and GOK
is pulled low.

VDD3 Sub-Regulator

The MP5921 has an internal 3.0V linear sub-
regulator that steps down the input voltage to
generate a 3.0V power supply. VDD3 can be
driven with an external 3.3V to reduce sub-
regulator loss from VIN.

Under-Voltage Lockout (UVLO) Protection

The MP5921 has two under-voltage lockout
(UVLO) protections: a 2.41V VDD3 UVLO and
a 2.91V VIN UVLO. The MP5921 can start up
only when both VDD3 and VIN exceed their
respective  UVLO thresholds. The MP5921
shuts down when either the VDD3 voltage is
lower than the UVLO falling threshold voltage
(typically 2.04V) or VIN is lower than the VIN
falling threshold (2.58V). Both UVLO
protections are non-latch off.
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APPLICATION INFORMATION

Current Limit Resistor (Rcs)

The MP5921’s normal current limit value should
be higher than the normal maximum load
current, allowing the tolerances in the current
sense value. The current limit can be set with
Equation (10):

V
o :@x105(A) (10)
cs

Where Vcirer norm is the CLREF voltage when
the power FET works in linear mode, and Rcs is
the resistor from CS to ground (Q).

If Rcs is set to 3kQ, and VCLREF_NORM is 1.2V, the
desired current limit is around 40A. When
Veirer norm is 0.3V, the desired current limit is
about 10A.

Note that the maximum CS resistor (Rcs)
should be set no higher than 3.6kQ.

CLREF

CLREF is used to set the current-limit reference
voltage, which can be determined by the hot-
swap controller or a resistor to ground in
standalone operation. A CLREF 10pA current
source sets the pin voltage. Place a 1nF
capacitor from CLREF to ground to smooth the
indicator voltage if the MP5921 is in standalone
mode.

For the current limit at normal operation, the
CLREF voltage can be set from 0.3V to 1.6V to
program the current limit low or high while a
fixed Rcs resistor is used.

Current Monitor Set (IMON)

The MP5921 provides a power MOSFET
current monitoring function. Place a resistor to
ground to set the gain of the output current.

In a single MP5921 application, the IMON
resistor should be set no lower than the CS
resistor. When the MP5921 is used in a multi-
fuse parallel application, achieve start-up
current balance per device by connecting IMON
and CS (see Figure 12). The equivalent
average IMON resistor (Rmon avg) can be
calculated by Rcs/N, where N is the active
parallel number.

CSs

IMON
MP5921

GND

VIMON

Rimon= Rcs
Res

R =cs
IMON_AVG
- N

Figure 12: Multi-MP5921 IMON and CS
Connection in Parallel Application

Maximum Output Current

The MP5921 drives up to 50A of continuous
current per device at room temperature and can
reach 60A with air flow. The case temperature
rise vs. the output current at different air
conditions is shown in Figure 13.

80 i i
g 20 No Air Flow
a i
= N/ Air Flow = 100 ft/min
g 50 // i
2 40 /
o
g 30 ]
= 20 — !
3 1 Air Flow = 200 ft/min |
<
© I

0

35 40 45 S50 55 60 65
QUTPUT CURRENT (A)

Figure 13: Output Current De-Rating Curve
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PCB Layout Guidelines

Efficient PCB layout is critical for optimum IC 3. Place a 1uF capacitor as close to VDD3 as
performance. A 4-layer layout is strongly possible.
re:acr?c:?rr:ae:g:dFo:Obe:f rrlclaes\;elts brit;:rr tothFeirr:rael 4. Keep the high-current path from the board’s
?4 and foIIoW the quidelines beiow 9 input to the load (and the return path) close
9 ) to each other and in parallel to minimize
1. Place the MP5921 close to the board’s loop inductance.
:gng;tancé;%nnedor o minimize  trace 5. An analog signal ground (AGND) plane is
' used locally in the MP5921 and connected
2. Place a small capacitor (Ciy, 100nF) close to the PCB power ground planes at a single
to the MP5921’s VIN and GND to minimize point.
gj;;:;?ife’ which may occur on the input 6. Connect the reference ground of all signal
Transients of several volts can occur easily plnst ;{Io t’?eth re{ilg%ngcze y ground tOf t.r,:ﬁ
when the load current is shut off confrofer 1 the cooperates Wi
' the hot-swap controller.
AGND
o [ I R
2 x H 2|5 2 9
[o] H « O O o
E C\/DD3 ! O
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NUTEVEEEN Y
@VIN[i ) B[VIN
— i
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Figure 14: Example of PCB Layout (Placement & Top Layer PCB)
VIN TVS: SMDJ12A
VOUT DIODE: MBRA340T3G for Single MP5921, MBRS540T3G for Paralleling Operation
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mE MP5921 — 16V, 50A, 1mQ Ropson), HOT-SWAP INTELLI-FUSE SOLUTION

PACKAGE INFORMATION
FCQFN-28 (4mmx5mm)
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RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third
party Intellectual Property rights are not infringed upon when integrating MPS products into any application. MPS will not
assume any legal responsibility for any said applications.
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