®

MPQ5884

80V, 4.5mQ, E-Fuse and Smart High-Side

Power Switch, AEC-Q100 Qualified

DESCRIPTION

The MPQ5884 is an automotive-grade, low-
resistance e-fuse and smart high-side power
switch with low quiescent current (Ig) mode. Itis
designed for demanding applications such as
high-current relay replacements and fuse
replacements. Protection and diagnostic
features improve system robustness and
performance.

The MPQ5884 uses proprietary, fuse-like over-
current protection (OCP), which can emulate the
behavior of a passive fuse. Current-sensing and
temperature-sensing allow the switch’s status to
be monitored. Open-load detection monitors the
load’s health. Low-lq mode can help prolong the
battery life when the system is in sleep mode.

The MPQ5884 provides robust protections
including OCP, short-circuit protection (SCP),
loss of IC GND, loss of module GND, loss of
power supply, over-temperature protection
(OTP), reverse battery self-protection, and
reverse load protection.

The device can survive under severe transient
pulses. When a bidirectional TVS diode is
applied in the system, the MPQ5884 can handle
the tests defined in ISO7637-2, ISO16750-2, and
ISO21780. The MPQ5884 turns on the MOSFET
under a negative input voltage (Vin) to achieve
the same current capability under a positive V.
The MPQ5884 features a 4.5mQ, rugged power
N-channel MOSFET.

The MPQ5884 is available in a QFN-30
(5mmx6mm) package, and it is available in AEC-
Q100 Grade 1.

FEATURES

o Built to Handle Tough Automotive Transients
o Load Dump up to 80V
o Cold Crank down to 6V
o Reverse Battery Protection
o Available in AEC-Q100 Grade 1
e Cooler Thermals
Integrated 4.5mQ MOSFET
o Extends Vehicle Battery Life
o Low Quiescent Current (Iq) Mode
o 1pA Extremely Low Shutdown Current
(lorF)
o Full Diagnostics and Robust Protections
o Configurable, Fuse-Like Over-Current
Protection (OCP)
o Fast-Off Short-Circuit Protection (SCP)
o Loss of Ground and Loss of Power
Supply Protection
o Switch-Off Negative Voltage Clamping
Self-Protection during Reverse Current
Thermal Monitor and Over-Temperature
Protection (OTP)
High-Accuracy Current Sense
Off-State Open-Load Detection
Fault State Reporting
Compliant with AEC-Q100-012 Test
Grade A
e Additional Features
o 110mJ Repetitive Unclamped Inductive
Switching (UIS) Energy
o Available in a QFN-30 (5mmx6mm)
Package with Wettable Flanks
¢ Functional Safety System Design Capable
o MPSafe™ Compatible — Functional
Safety Supporting Document Available

MPSafe@

O O

O O O O

APPLICATIONS

¢ Relay Replacements

e Ignition, Heaters, and Motors

¢ Inductive, Capacitive, and Resistive Loads
e 24V and 48V Battery Systems

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”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mps MPQ5884 — 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

TYPICAL APPLICATION

Vino l VIN VOouT l o Vour
f T I

MPQ5884

EN o———EN
TSp——0 TS

OLD o OLD

FLT# |—— o Fault

MPQ5884 Rev. 1.0 MonolithicPower.com 2
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

ORDERING INFORMATION
Part Number* Package Top Marking MSL Rating**
MPQ5884GQJE-AEC1 QFN-30 (5mmx6mm) See Below 3

* For Tape & Reel, add suffix -Z (e.g. MPQ5884GQJE-AEC1-2).
* For Tray, add suffix -T (e.g., MPQ5884GQJE-AEC1-T).
** Moisture Sensitivity Level Rating

TOP MARKING

MPSYYWW
MP5884
LLLLLLL
E

MPS: MPS prefix

YY: Year code

WW: Week code
MP5884: Part number
LLLLLLL: Lot number
E: Wettable Flank

PACKAGE REFERENCE

TOP VIEW
VIN. VIN VIN VIN
30 129 28 27
oLp 1 26| vout
FLT#| 2 25| vouT
TS| 3 24| VOUT
GND|4 23| VOUT
GND|[5 22| vouT
GND|6 21| vouT
GND|7 20| VOUT
GND|8 19| VOUT
GND|9 18| vouT
cs|10 17| vouT
FUSE | 11 16| VOUT
12 13 14 15
EN  VIN VIN VN
QFN-30 (5mmx6mm)

MPQ5884 Rev. 1.0 MonolithicPower.com 3
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

PIN FUNCTIONS

Pin # Name |Description
Open-load detection pin. When the EN pin is low, drive this pin above 1.5V to enable
1 oLD open-load detection. When EN is high, drive this pin above 1.5V to enter low quiescent
current (la) mode. Pull this pin below 0.8V to exit low-la mode. Do not leave this pin
floating, and connect this pin to the GND pin if this function is not used.
2 FLT# |Fault output. The FLT# pin is an open drain. The pin is pulled low if a fault is detected.
3 TS Temperature sense. The voltage on this pin reflects the MOSFET’s temperature.
4,5,6,7,8, GND Ground. The GND pins are connected internally. Connect this pin to the board’s ground
9 plane.
Current sense. This pin’s output current is proportional to the load current. Connect a
10 CS resistor from this pin to ground to set the initial fuse current limit. An RC filter is required
to filter the noise. It is recommended to use a 10kQ resistor and 100nF capacitor.
Timing pin for fuse current limit. Connect a capacitor from the FUSE pin to ground to
11 FUSE |set the fuse timer. See the Fuse-Like Current Limit section on page 17 for more details.
Short the FUSE pin to ground to use the 50A current limit.
Enable pin. Pull EN below 0.8V to shut down the chip. Pull EN above 1.5V to enable the
12 EN . .
chip. Do not float the EN pin.
13, 14, 15,
27, 28, 29, VIN Supply voltage. The VIN pins are connected internally. Connect this pin to the battery.
30
16, 17, 18,
19, 20, 21, Protected switch output. The VOUT pins are connected internally. Connect this pin to
VOUT
22,23, 24, the load.
25, 26

MPQ5884 Rev. 1.0
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MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

ABSOLUTE MAXIMUM RATINGS

Thermal Resistance A 6.c

VIN coveeeereneineie e -60V to +80V QFN-30 (Smmx6mm)
V|N - VOUT __________________________________________ —1V to +80V JESD51'7 ............................ 231 ...... 06°C/W ®)
EN oo -0.3V to Vin EVQ5884-QJ-00A................ 16.5. e C/w ©
OLD o -0.3V to +18V Yr
- +
PO o 0.3V1o .oV N1 o SR A 16...°C/W ©
OIETPINS ..o ~U.9V10 ¥6.5 EVQ5884-QJ-00A..........cooooovvee.n. 1.6..°C/W ©
Junction temperature (Ty) ...cccovviiveeeeennnnne 150°C
Lead temperature ............c..cccooeeeeennenne 260°C Notes:
. . . _ ° 2 (9
Continuous power d|33|patlon (TA =25 C) @ ®) 1) Exceeding these ratings may damage the device.
QFN-30 (5mmx6mm).......ccccevevveeeeneiinnneee. 7.6W 2) The maximum allowable power dissipation is a function of the
Short circuit EN on @ 1 million cycles maximum junction temperature, T, (MAX), the junction-to-
. (4) """"" ambient thermal resistance, 8,5, and the ambient temperature,
Repetitive pulse energy ) ....................... 110mJ Ta. The maximum allowable continuous power dissipation at
Single-pulse energy ©) ...........cccooeieinnnnne 400mJ any ambient temperature is calculated by Pp (MAX) = (T, (MAX)
- Ta)/ 6,a. Exceeding the maximum allowable power dissipation
ESD Ratings can cause excessive die temperature, and the regulator may
go into thermal shutdown. Internal thermal shutdown circuitry
Human body model (HBM) ................ Class 2 ® protects the device from permanent damage.
_ i (7) 3) Test conditions: Viy = 60V, set-up refers to AEC-Q100-012,
Charged-device model (CDM) ...... Class C2b Lo T h, Reenr = 20m0. Guaranteed by 3 fot data. Not
x ier tested in production.
Recommended Operatlng Conditions 4) Test conditions: loyr = 15A, L = 1mH, Ta = 25°C, 1 million
Supp|y voItage (VIN) ___________________________ 6V to 60V cycles EN on/off for repetitive test. Guaranteed by 3 lot data.
: Not tested in production.
Nomlngl DQ Iogd current................ e 1&;>A 5) Test conditions: L = 1mH, T, =25°C. Guaranteed by 3 lot data.
Operating junction temp (T,).... -40°C to +150°C Not tested in production.

6) Per AEC-Q100-002.

7) Per AEC-Q100-011.

8) Obtained based on a JESD51-7, 4 layer PCB. The values given
in this table are only valid for comparison with other packages
and cannot be used for design purposes. These values were
calculated in accordance with JESD51-7, and simulated on a
specified JEDEC board. They do not represent the
performance obtained in an actual application. 8,c shows the
thermal resistance from junction-to-case bottom, and W,
shows the characterization parameter from junction-to-case
top.

9) Measured on an MPS standard EVB, 4-layer PCB,
8.3cmx8.3cm, 20z copper thickness.

MPQ5884 Rev. 1.0 MonolithicPower.com 5
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin =48V, EN =5V, T, = -40°C to +150°C, typical values are at T, = 25°C, unless otherwise noted.

Parameter ’ Symbol ‘Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
Supply Voltage

Normal operation voltage VIN_NOR 6 60

Input voltage (Vin) under-

voltage (UV) falling threshold Vin_uv_F | ViIN< ViN_uv_F, VouT shutdown 1 1.7 2.2

Vin under-voltage (UV) rising Vin_uv R | VIN > ViN_uv_R, Vout recovery 1.5 2.75 3.7 \

threshold
Operating Current

| Normal mode, Vorp = 0V,
Q_NOR IOUT - OA

Low-la mode, Vorp = 5V,
lout = 0A

| Open-load detection mode,
QO vop = 5V, Ven = 0V

Ven = Vo = 0V, Ty =25°C 0.85 1 MA
Shutdown current loFF | Ven = Voup = 0V,

Ty =-40°C to +150°C

1.5 1.7 mA

Quiescent current la_uia 25 40 MA

500 | 640 | pA

30 MA

Power Stage (DC)

On resistance (normal battery) Ron lout = 0A 4.5 10 mQ
On resistance (reverse load) Ron_RrL |VEN =0V 4.8 12 mQ
On resistance (reverse battery) Ron_rs |ViN=-48V, Ven = OV 4.5 10 mQ
R)ﬂgrselzsllzs;[_e)lnce (secondary Ron_s | VoLp = 5V 1.4 4 Q
Ven = 0V, Vout = 0V, Ty = 25°C 100 nA
Output leakage lteak | Ven = OV, Vour = 0V, o5 uA

Ty =-40°C to +150°C

Output leakage (loss of IC

ground) (0 ILeak e | VEN = 0V, Voutr =0V, Ty =25°C 1.3 mA
grgtf::i)l?%‘)(age (loss of module ILeak e | VEN = 0V, Voutr =0V, Ty =25°C 1.3 mA
Power Stage (Switching)
Ven = 5V to Vout = 10% Vin

- (10) )

Turn-on delay ton_pELAY lour = 15A (resistive load) 15 V&
. Vout = 10% of Vin to 90% of Vin

- (10) )
Turn-on time ton lout = 15A (resistive load) 38 HS
Turn-on slew rate (1) Son lout = 15A (resistive load) 1 V/us
Turn-on energy (19 Eon lout = 15A (resistive load) 5.5 mJ

Ven = 0V to Vour = 90% of Vin

- (10) )

Turn-off delay toFF_pELAY lour = 15A (resistive load) 4 V&
. Vout = 90% of Vin to 10% of Vin

- (10) )
Turn-off time torr lout = 15A (resistive load) 10 HS
Turn-off slew rate (1 Sorr | lout = 15A (resistive load) 3.8 V/us
Turn-off energy (1% Eorr  |lout = 15A (resistive load) 3 mJ
Drain-to-source clamp (10 Veiame | lcLame = 15A (resistive load) 85 \Y
MPQ5884 Rev. 1.0 MonolithicPower.com 6
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =48V, EN =5V, T, = -40°C to +150°C, typical values are at T, = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Conditions ‘ Min Typ ‘ Max ‘ Units
Enable (EN)
EN rising threshold VEN_R 1.1 1.25 1.45 V
EN falling threshold VEN_L 0.9 1.05 1.25 V
EN leakage current VEN_LK Ven = 5V 1.2 3.6 6.3 MA
Current Sense
lout = 5A 198 220 242 MA/A
Current-sense gain Kcs 5A 2 lout 2 2A 176 220 264 MA/A
2A =z lout 2 1A 165 220 275 MA/A
lout = 1A 165 220 275 MA
lout = 2A 352 440 528 MA
gggﬁgg;ense current lsense | lout = 5A 099 | 11 | 121 | mA
loutr = 15A 2.97 3.3 3.63 mA
loutr = 30A 5.84 6.6 7.26 mA
Low-lo Mode
Low-lo mode VN range VIN_LiQ Ven = 5V, Vowp = 5V 10 60 \Y
. Ve 2 OV, Vo =5V, 100 | 145 | 225 | mA
Exit low-la mode current g T,=25°C
threshold - Ven = 5V, Voo = 5V, 90 295 mA
Ty =-40°C to +150°C
Thermal Sense
Temperature-sense gain Krs 104.4 °CIV
Temperature-sense offset Vrs_orst | Tu=25°C 0.81 V
e g o
N 2 °
Protection
FLT# pin pull-down voltage VLT Lt = 1mMA 0.2 \
. Ven =0V, Vin < -V the
Reverse battery protection | v main Mo'sﬁhllzT_turF:;T:ﬁ to 25 | 55 | 72 v
protect the device
. Ven = 0V, (Vout - VIN) 2
Reverse load protecion VL TH ;/ETTH, o MoskETwms | 023 | ost | oas | v
Fuse-Like Over-Current Protection (OCP) and Short-Circuit Protection (SCP)
Fuse upper trip limit VEUsSE_H 2.8 3 3.2 \
Fuse lower trip limit VEUSE_L 0.1 0.135 0.175 \
Fuse trip limit hysteresis VEUSE_HYs 2.65 2.875 3.1 \
Current limit threshold Vi 2.85 3.05 3.25 \
Snor-rodt curent s> |DC 45 50 55 A

MPQ5884 Rev. 1.0
10/23/2025
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =48V, EN =5V, T, = -40°C to +150°C, typical values are at T, = 25°C, unless otherwise noted.
Parameter Symbol |Conditions Min Typ Max Units

Test condition subject to AEC-
100-012. (LsuppLy = 5uH; for

_Gircui imit (10

Short-circuit Vin limit VIN_scP short at module: Loap = 1uH: for 6 60 \
short at load, LLoap = S5pH)

Open-Load Detection (OLD)

OLD rising threshold Voip_r 1.1 1.25 1.45 \%

OLD falling threshold VoLp_F 0.9 1.05 1.25 \%

OLD leakage current Voip tk | Vorp = 5V 1.5 3 MA

OLD current oo | VEN = OV, Voo = 5V, output 120 | 165 | 210 | A
current

OLD threshold Voot | EN = OV, Voo = 5V, Vour > 45 | 52 6 v

VoLp_TtH, Open load is detected

Ven = 0V, Vouib = 5V, Vour <
OLD hysteresis Voib Hys | Voup tH - VoLb_Hys, open-load 1.4 V
condition is removed

Note:
10) Not tested in production and guaranteed by over-temperature (OT) correlation.

MPQ5884 Rev. 1.0 MonolithicPower.com 8
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

TYPICAL CHARACTERISTICS

Vin =48V, EN = 5V, unless otherwise noted.

Normal Mode Quiescent Current
vs. Temperature

Low-lo Mode Quiescent Current
vs. Temperature

EN =5V, OLD = 0V EN =OLD =5V
2.0 —
/
25 |— —
15 | —
_ §20
E 1.0 15
§ <10
o 05
5
0.0 0
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
Open Load Detection Mode
Quiescent Current vs. _?Zr‘:]t:::;’tr:feu"e"t vs.
Temperature EN 0V, OLD = 0V
L - 12
560 /]
/ 10
/]
__ 540 v 8
é 520 ’/ &; /
a “ = 6 /
3 & /
_o'500 = 4
480 ,/ 2 /
e
460 0
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
M-FET Rpsion) Vs. Temperature BB-FET Rpsion) Vs. Temperature
10 3.0
A
8 2.5 / -
) L1 = 20 =
E 6 — c L~
Z — 2 15 1
% L~ o . //
2 0.5
0 0.0
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

TYPICAL CHARACTERISTICS (continued)
Vin =48V, EN = 5V, unless otherwise noted.

V,y UVLO Threshold vs.

EN UVLO Threshold vs.

Temperature Temperature
- e 14 e B
2 ——VIN UVLO Rising 2 ——EN UVLO Rising
(=] . (=]
| VIN UVLO Falling 2 13 |~ EN UVLO Falling
Q 30 | — o S~
T — I T—
(/)] N\\ (7)) \
T T — I . = —
= 2.0 [
S o
| o 11
; | = L
2
>Z 1.0 ‘ ‘ ‘ E 10 ‘ ‘ ‘ \ I
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
OLD UVLO Threshold vs. Current-Sense Ratio vs.
Temperature Temperature
1.4 224
s ——OLD UVLO Rising
a 13 \\\ OLD UVLO Falling _ 223 |—
- — <
2 12 — I 222 a
w . \\ 3
L 7]
£ 14 S 221
=
9 10 220
5 |
> |
a 0.9 219
o) 50 -25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
Exit Low-lo Mode Current FUSE Trip Limit Hysteresis vs.
Threshold vs. Temperature Temperature
170 2.88 ‘ ‘ ‘ ‘
160 |- S
= 287
g g
g 150 w'
- 2
> 2386
140
130 ‘ ‘ 2.85
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150

TEMPERATURE (°C)

TEMPERATURE (°C)
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS
Vin =48V, EN =5V, Ta = 25°C, unless otherwise noted.

CH1: Vin
CH2: Vour

CH3: FLT#

CH4: loutr

CH1: Vin
CH2: Vour

CH3: FLT#
CH4: lour

CH1: Vour

CH2: EN

CH3: FLT#
CH4: lour

Start-Up through VIN

loutr = 0A

b /, |
EV .

Bt 8. . = e
Start-Up through VIN

lout = 15A

b /)

125M5/5

1 N S .
Start-Up through EN

lout = 0A

L SO0 AR
fp=—==

L

‘T e = o |

CH1: Vi

CH2: Vour

CH3: FLT#
CH4: lout

CH1: Vi
CH2: Vour

CH3: FLT#
CH4: lout

CH1: Vour

CH2: EN

CH3: FLT#
CH4: lout

Shutdown through VIN

lout = 0A

@ nov & 100ms 53[||«|5st II X
Lﬂ 5.00V ‘_] 5 ][ 5M points 2.4V
Shutdown through VIN
lout = 15A
P \
2 -
[ N
E 20.0% B ) ) ‘[40Dm2 12,5875 X
& sov L] 9 10.0A & SM paints 224
Shutdown through EN
lout = 0A
b \
B e ———————
Ba 20,04 L1 40.0ms 12.5M875 A%
g SO0V W 9 1004 & ‘[ 5M paints 110y

MPQ5884 Rev. 1.0

10/23/2025

MonolithicPower.com

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2025 MPS. All Rights Reserved.



mP MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =48V, EN =5V, Ta = 25°C, unless otherwise noted.

CH1: Vour

CH2: EN

CH3: FLT#
CH4: lour

CH3: FLT#

CH1: Vin
CH2: Vour

CH4: lour

CH3: FLT#

CH1: Vin
CH2: Vour

CH4: loutr

Start-Up through EN
lout = 15A

2.5065/5

X
SM points 230V

SCP Entry

lout = 0A, Lin < 5uH, LsHort = 1uH,

RsHorT = 20mQ

1B . !\ AP

2.5068/5
M points

SCP Power On

lout = OA, Lin < 5uH, LshorT = 1pH,

RsHorT = 20mQ

| 24

@ nov w ]ZEJm
T 5

@ s v @ S0k
= —

Z50MS /s X
S points sy

CH1: Vour

CH2: EN

CH3: FLT#
CH4: lout

CH3: FLT#

CH1: Vi
CH2: Vour

CH4: lout

CH1: VOUT

CH2: EN

CH3: FLT#
CH4: lout

Shutdown through EN
lout = 16A

[

2.5088/5

|
‘[ll)ﬂus
& SMpoints

230V

SCP Entry
lout = 15A, Lin < 5uH, LsHorT = 1pH,

RsHorT = 20mQ

_,\lh,w

| 8 - - - N

Ej 0.0V & . ‘[-mous. 2.50857¢ A
_B 500V @ 5 5M points 140V
SCP (EN On)
lout = OA, Lin < 5uH, LsHorT = 1uH,
RsHorT = 20mQ
Lm‘!w.]j JNM‘.‘
.

SRR

IB* ' / o

42 - \\:\J‘r‘

E} W0V & ][20.0_15 TSwRn T
_9 5.00 (_] ( 5 S points 230v
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mP MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =48V, EN =5V, Ta = 25°C, unless otherwise noted.

CH1: Vour

CH2: FUSE

CH3: FLT#
CH4: lout

CH1: Vi

CH2: Vour

CH3: FLT#
CH4: loutr

CH3: FLT#

CH1: Vin
CH2: Vour

CH4: lour

Fuse-Like Over-Current Protection
OC limit = 20A, lout = 30A

| "\

| & : :
i . ] . . *
T - e

Load Dump

lout = 0A

—
5.00MS/s

10M points 69.2¥

Cold Crank
lout = 0A
| B3

N

Iee
Ie

E

5.00MS/s
10M points

)

CH1: Vi
CH2: Vour

CH3: FLT#

CH4: OLD

CH1: Vi
CH2: Vour

CH3: FLT#

CH4: lout

CH3: FLT#

CH1: Vi
CH2: Vour

CH4: lout

Open-Load Detection

EN =0V

| —
000 &
& snv 5

5.00M5/s

100ms X
[+ 3 Yy ‘[ SM points S.60Y
—
Load Dump
lout = 15A
: : : ] o
[
. C TR 300ms 5.00ME/s 7
Ej sy s @ L ‘ 10Mpoints 5.2V
_— —

Cold Crank
lout = 15A
I
L
- 2 s
I
4 il |
B 38 Jaz: e Bo
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mP MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =48V, EN =5V, Ta = 25°C, unless otherwise noted.

Enter Low-lqo Mode

Exit Low-lo Mode when Load
Increases

lout = 100mA lour rises from 0.1A to 15A
CH3: FLT# ’ | CH3:FLT# |E’
CH1: OLD
CH2: Vour cHi:op b .
CH4: lout 4 CH2: Vour [P
CH4: lout o
(1 ] 200y 2506875 [} . 00N/
g 500V @) 200mh__& J[ 3 5Mpoints 2.0V _E@} 3333 3 (_) 004 W J[wo gMgfm .2’30Xv
EN PWM Switching with Resistive
Load Loss of IC GND
Period = 500us, duty cycle = 50%, lout = 15A lout = 15A
CH3: FLT# .
CH1: EN * '
CH1: Vi
CH2: Vour CH2:Vour [P l
CH4: lout 4 s M “ A GND ]
— CH4:lour o
R v v @i JiThe b T
Loss of Module GND
Thermal Shutdown lout = 15A, EN’s GND connected to module’s
lout = 0A GND
|
|
CH1: Vi b CH1: Vi
CH2: Vour 2 CH2: Vour L
CH4:lour | L______.J
CH3: FLT# || '
| CH3:
CH4: lour Module "'"j
@ 20v By 4.00ms 25.0M8/5 X GND T) 200V 400ms 2.50MS/s [ 34
SO0V w 208 % J[ 1M points 135V 200V 2004 J[ 1Mpoints 120V
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FUNCTIONAL BLOCK DIAGRAM

EN —— i ————————————
- lowlo | W . FET Area |
OLD L1 » Mode —l—l—_l_ ! 1
1 ! Secondary MOSFET | I
Y 1 l—rl T—Tl : 1
Open-Load | g e ! 1
| [ Dctecton : K~ Main MOSFET | ! |
VIN [] 1] "I : | {1VOUT
| T-Sense out, "
| |
| I S N SRR S ; |
g g |
TFET
A Y
Charge Pump » Gate Driver I-Sense
[} [}
| I e
} I
] Bandgap and _ . ! A Y 1
EN [ Regulators >| Logic Control “_, Fuse-Like }
! SCP ocp  —LIFUSE
! I
! I
i |
|
. Ls otP Lossof |
FLT# FT Driver |« ; |
! 1
|
Vi L oI"OVLO, Exit Low-Io Mode, !
GND l Open Load Detection, !
Vour | Rev-Battery Protection !
| ’ Rev-Load Protection |
! I
! I
| . . .
MPQ5884-AEC1 ' Diagnostics and Protections i
Figure 1: Functional Block Diagram
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

OPERATION

The MPQ5884 is a robust, self-protected e-fuse
and smart high-side switch. It is designed to
drive high-current loads with minimal loss. The
device’s built-in protection features enable it to
survive harsh automotive conditions with
minimal external components. Integrated current
and temperature monitoring provide information
about the power device and load. Fuse-like over-
current protection (OCP) enables the device to
protect the wire and replace the passive fuse in
a junction box.

Off-state open-load detection can monitor the
load status when EN is low. Low quiescent
current (lq) mode provides a solution to extend
the battery life when whole system is in standby.

Modes of Operation

The MPQ5884 has four modes of operation:
normal mode, open-load detection mode, low-lq
mode, and shutdown mode.

In addition, the MPQ5884 has two internal power
switches: a main MOSFET (M-FET) and a
secondary MOSFET (BB-FET). M-FET and BB-
FET are N-channel MOSFETSs.

In normal mode, the M-FET and BB-FET
conduct. In low-lo mode, the MOSFET that
conducts depends on the load current range.

Table 1 shows the set-up for the EN and OLD
pins for each mode’s steady state.

Table 1: EN and OLD Settings

EN OoLD Operation Mode
) Low Normal mode
High 5
High Low-la mode
Low Shutdown mode
Low - .
High Open-load detection

Figure 2 shows the MPQ5884’s mode
transitions, which shows the sequences to follow
when switching between the four modes. It is
recommended to pull EN and OLD high after the
input voltage (Vin) exceeds the under-voltage
lockout (UVLO) threshold.

OLD = Low to High Open-Load Detection
Mode
-~ _ s
OLD = High to Low \(EN = Low, OLD = High)

Shutdown Mode
(EN = Low, OLD = Low)

A
EN = Low

to High EN = High to Low

A

Normal Mode OLD = Low to High

(EN = High, OLD = Low)
OLD = High to Low

Low-lo Mode
(EN = High, OLD = High)

Figure 2: Operation State Machine

Enable (EN) Input

The EN pin is a digital input that turns the
MPQ5884’s power switch on/off. If the enable
voltage exceeds 1.5V, the device turns on. If the
enable voltage is below 0.8V, the device turns
off. Do not leave the EN pin floating.

Normal Mode

In normal mode, the M-FET and BB-FET turn on
when EN reaches the enable high threshold. The
MPQ5884 has an internal charge pump to
generate a high voltage, which is necessary to
drive the N-channel MOSFET. The charge pump
is operational when M-FET and BB-FET
conduct.

Low Quiescent Current (Io) Mode

The MPQ5884 has a low-log mode, where |q is
typically reduced to 25pA. This mode can
effectively extend the battery life. In normal
mode, the M-FET and BB-FET conduct. The
MPQ5884 switches to low-lqa mode by pulling the
OLD pin high when EN is high. In low-lqg mode,
the BB-FET stays on while the M-FET turns off.

In low-lo mode, the MPQ5884 monitors the BB-
FET's drain-to-source voltage (Vps). If Vps
exceeds the voltage threshold (Vwuq_tH, typically
0.2V), the MPQ5884 turns on the M-FET
automatically, and the BB-FET stays on. The
current threshold in low-lo mode can be
calculated with Equation (1):

Viig TH (1)

luq TH = Ron 26

Note that Ron gs is larger at high temperatures,
which means that Iluq tH is smaller. lug T
exceeds 90mA across the full temperature
range.

If lout < ||_|Q_T|-| in low-lo mode, only the BB-FET
is conducting. Current-sensing and temperature-
sensing are disabled.

MPQ5884 Rev. 1.0
10/23/2025
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If Vbs exceeds Viiq tH, the M-FET turns on and
the BB-FET is also on. Current-sensing and
temperature-sensing are enabled when the M-
FET turns on. Meanwhile, FLT# is pulled low.
Under this condition, the M-FET does not turn
off, even if the output current (lour) falls below
ILia_tH @gain. The OLD pin must be pulled down
to reset the FLT# pin. Afterward, OLD can be
pulled up to enter low-lo mode again.

To exit low-lqo mode, the user can actively pull the
OLD pin low. After OLD turns to logic low, the M-
FET and BB-FET turn on.

If there is a short circuit in low-la mode, the
device first exits low-lo mode automatically, and
both M-FET and BB-FET turn off since lour rises
quickly. Then the M-FET begins to turn on in
100ps, and the current-sense and temperature-
sense functions are enabled at the same time. If
lour exceeds the short-circuit protection (SCP)
threshold, the device shuts down again and
latches off.

Figure 3 shows the entry and exit flowchart for

low-lq mode.
Normal Mode
M-FET and BB-FET )«
Conduct
OLD Low to
High

M-FET Tums .
Off, BB-FET OLD High
Turns On to Low

Detect BB-
FET Vops

M-FET Turns On,
FLT# Pulls Low

Load Current
Increases

BB-FET Keeps
Conducting

Figure 3: Low-la Mode Entry and Exit

Open-Load Detection

The MPQ5884 has off-state open-load
detection. When EN is low and OLD is driven to
logic high, the device attempts to detect an open
load. A current source then sources a current
(loLp, typically 165uA) to the output pin. If the
output voltage (Vour) exceeds the open-load
detection threshold (Vowo T, typically 5.2V), the
FLT# pin asserts to low.

Current Monitor

The MPQ5884’s current monitor function is
enabled during normal mode. The CS pin

outputs a current proportional to the power
device’s lour. The CS pin’s voltage can be
estimated with Equation (2).

Vs =lcs X Res =Kes * lout X Res (2)

Where Ics is CS pin’s output current, Rcs is the
resistance between the CS pin and GND, and
Kcs is the current-sense gain (Kcs = lcs / lour),
which is typically 220uA/A.

Vcs is clamped to the current-limit threshold
(Vium) even if lout keeps rising, as the additional
current is used for the fuse-like current limit.

To eliminate the CS noise, an RC filter is
required when sampling Vcs. It is recommended
to use a 10kQ resistor and 100nF capacitor.

Current Limit

There are two levels for integrated current-limit
protection: the fuse-like current limit and short-
circuit current limit. If the fuse-like current limit is
triggered, the device shuts down following an
adjustable I-t curve (see Figure 4 on page 18). If
the FUSE pin is shorted to GND, there is only the
short-circuit current limit. If SCP is triggered, the
device turns off as quickly as possible. Both
current limit protections assert the FLT# flag.
The device remains off until the EN pin is
toggled.

Fuse-Like Current Limit

The fuse-like current limit provides a protection
similar to regular, disposable fuses. The
MPQ5884 does not shut down immediately after
triggering the fuse-like current limit. The higher
the current, the shorter the shutdown deglitch
time.

When Vcs is clamped to Viuw, if lour continues
increasing after Vcs reaches Vium, the fuse-like
current limit is triggered. The fuse-like current
limit can be calculated with Equation (3):

v
lFuse_cL(A) = m (A) (3)

Where lruse_ci is the fuse-like current limit.

A fuse capacitor is connected between the FUSE
pin and GND. When lour exceeds Iruse cL, a
current (lruse+) charges the FUSE capacitor, and
Iruse+ increases as Alour rises.

Alout can be estimated with Equation (4):

Aloyt = lout - IFuse_ct (4)

MPQ5884 Rev. 1.0
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The capacitor voltage (Vruse) is charged to the
fuse’s upper trip limit (Vruse 1) by IFuse+, then
Veuse is discharged to the fuse’s lower trip limit
(Vruse_L) with lryse+. Once Vruse drops to Vruse L
and lout > lruse_cL, the internal FUSE counter
adds 1. When the counter reaches 32, the
MPQ5884 shuts down and FLT# is pulled low.

When Alour < 1.5A, the deglitch time (truse)
depends on different Alour values following
Equation (5). In this scenario, truse can be
calculated with Equation (5):

truse(8)=Cruse(nF)*(0.2 - Aloyr(A)*0.128)  (5)

When 1.5A < Aloyur < 8A, truse depends on
different Alout values following Equation (6). In
this scenario, truse can be estimated with
Equation (6):

truse(S) = Cruse(nF) X 0.067 x Aloyr(A)*2  (6)

When Alout > 8A, lruse- is close to its maximum
value, so the deglitch time does not decrease as
significantly while lour increases. When
Cruse = 100nF, the longest deglitch time is about
15s, and the shortest deglitch time is about

10ms. Figure 4 shows the FUSE deglitch time vs.

loutr with fuse-like current limit of 15A while
CFUSE =100nF.

Fuse Deglitch Time vs. lgyr
Fuse-like current limit = 15A
| | |

Cfuse=100nF |

0.1

FUSE DEGLITCH TIME (s)

0.01 ‘ I
15 16 17 18 19 20 21 22 23 24 25

lout

Figure 4: Load Current vs. Fuse Time When
Fuse-Like Current Limit = 15A

Note that Kcs and VFUSE_HYS might have
variations. The variation of Kcs and accuracy of
Rcs influence the designed Iruse c. value and
Alout, which then influence the deglitch time.
Vruse_Hvs is the difference between Vruse 1 and
Veuse L, which means that Vryse vys is the
voltage range for Cruse.

This means that the Vryse_nys variations and the
Cruse accuracy directly influence the deglitch
time. These parameters should be taken into
consideration when calculating the deglitch time.

If lour decreases and Vcs drops below Vim
before counting to 32, the internal FUSE counter
starts to decrease. While the FUSE counter
decreases, the fuse capacitor is charged and
discharged by a current (lruse.), which can be
calculated with Equation (7):

IFUSE—(“A) =64.7 x (1 - IOUT / |FUSE_CL)(A) + guA (7)

The maximum value for Iruse- is 40uA. If the
FUSE capacitor discharges to Vruse L and lout <
Iruse_cL, the FUSE counter is subtracted by 1
until it reaches 0.

To enhance the FUSE counter’s stability, it is
recommended that the FUSE capacitance
exceed 10nF. Figure 5 shows the principles of
the fuse-like current limit.

FLT# | | I I | | I
| | | | !
Lo | | i | !
t L T T T T
| [ | | | |
N oo
| | [} .
TR T3 T T Time
lous R — b
|
lruse_cL Lot ‘ ‘
[l | |
[l |
L : : : ! Ti
bt (it I b 6 ime
VEuse R o b
| | | |
| I ] |
VFUSE | ‘ ‘ - i
! l l
Time

Figure 5: Fuse-Like Current Limit

Short-Circuit Current Limit

The short-circuit current limit is developed for
SCP. If a short circuit occurs, the inrush current
rises sharply, which might violate the internal
MOSFET'’s safe operating area. The MPQ5884
integrates an SCP threshold (lscp) to handle this
condition.

If the load current reaches lscp, the device shuts
down immediately to protect the M-FET, and the
FLT# pin asserts to low. A voltage spike occurs
on VIN when the device shuts down, so it is
recommended to add a TVS diode on the VIN
pin. The clamping voltage must be selected such
that the absolute maximum for the MPQ5884 is
not exceeded.

MPQ5884 Rev. 1.0
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mps MPQ5884 - 80V, 4.5mQ, E-FUSE AND SMART HIGH-SIDE SWITCH, AEC-Q100

The MPQ5884 short-circuit capability is tested
with the set-up according to AEC-Q100-012. For
shorts at the module (short-circuit inductance =
1uH, resistance = 20mQ) and shorts at the load
(short-circuit inductance = 5pH, resistance =
50mQ), the device can survive when Viy < 60V.

Fault Indicator

The MPQ5884 has a fault indicator function via
the FLT# pin. The FLT# pin is an open drain. It is
recommended to pull FLT# up by a 3.3V or 5V
external source through a 10kQ resistance,
which can effectively reduce the FLT# pin’s input
current if a fault occurs.

Reverse Battery Protection

If a reverse battery connection occurs, there is a
large current from VOUT to VIN through the M-
FET’s internal reverse diode. This results in IC
damage. To protect itself, the MPQ5884
provides reverse battery protection. If the
MPQ5884 detects a reverse battery protection
condition and the reverse voltage is below
-Vre_1H, the M-FET turns on immediately and
VOUT is pulled to VIN. This results in very low
power dissipation on the MPQ5884.

Reverse Load Protection

If the output voltage (Vour) > Vi, there is a
current flowing from VOUT to VIN through the
integrated diode if the device is off. This
produces significant heat and power loss. To
reduce power loss and heat, when Vour - Vin
exceeds VgL 1H, the MPQ5884’s M-FET turns on,
and FLT# is pulled to low. After the M-FET turns
on, Vi is pulled to Vour and the MPQ5884
continuously monitors the current from VIN to
VOUT. When the VIN-to-VOUT current exceeds
30mA, the M-FET turns off, and FLT# is pulled
to high.

Loss of Power Supply Protection

If the power supply is lost, then the device shuts
down, regardless of EN. For resistive or
capacitive loads, the device can easily handle
power supply loss. However, for an inductive
load, a current is absorbed from the
microcontroller unit's (MCU) general-purpose
input/outputs (GPIOs), which might damage the
device and the MCU. Therefore, for proper
protection against this status, it is recommended
to connect a 10kQ resistor between the MCU
GPIO and the MPQ5884’s pins.

Loss of Ground Protection

If the IC ground or module ground is lost, the
power switch turns off when it is the on state; if
the switch is in the off state, it stays in the off
state. To protect any device that is interfacing
with the MPQ5884, add a 10kQ resistor between
the MPQ5884’s logic pins and the MCU’s
GPIOs. Figure 6 shows the loss of IC GND.

Battery

MPQ5884

EN GND
t

Loss of IC GND

Figure 6: Loss of IC GND

Figure 7 shows the loss of module GND.
==
MCU
Loss of Module
T GND

Figure 7: Loss of Module GND

Cold Crank

Under cold-crank conditions, the battery’s
voltage drops rapidly. This may result in the
device shutting down. The MPQ5884 provides a
low-V N solution to maintain its output even if the
battery voltage drops to 6V.

Battery

T

Temperature Sensor

The MPQ5884 has an internal temperature
sensor that is close to the M-FET. The
temperature sensor can monitor the M-FET’s
junction temperature and output a voltage
through the TS pin. The junction temperature
(T,) can be estimated with Equation (8):

T,(°C) = 104.4°C/V x V1g(V) -59.3°C  (8)

Where T, is the M-FET’s junction temperature,
and V7s is the TS pin’s voltage. The temperature
sensor provides a way to monitor the M-FET’s T,
with £15°C accuracy. It is recommended to limit
T, within 150°C during normal operation.

MPQ5884 Rev. 1.0
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Thermal Shutdown

The MPQ5884’s internal controller detects the
power switch’s junction temperature. If the
junction temperature exceeds the thermal
shutdown threshold (168°C, typically), the FLT#
pin is pulled low for about 4ms, and the device

stays off until the temperature falls to its lower
threshold (148°C, typically).

Full Protection and Diagnostics

The MPQ5884 provides flexible protections and
diagnostic functions. Table 2 shows the fault
statuses and related trigger conditions, where
“H” is high and “L” is low.

Table 2: Fault Table

IC Status Fault Condition EN | OLD | OUT FT Recover
Normal mode N/A H L H H N/A
Low-la mode N/A (Vbs < Vi TH) H H H H N/A
Shutdown mode N/A L L L H N/A
Open-load detection N/A L H L H N/A
mode
Low la mode auto-exit Vbs >= Via_TH H H H L Pull down OLD pin
Open load detected Vout > VoLp_TH L H H L Vour < Voip_T -
VoLb Hys
H within
lout exceed fuse-like lout > Iruse_cL, part shuts truse, L .
current limit down after truse N/A L after Toggle EN pin
shutdown
lout exceeds short- SCP is triggered, device .
circuit threshold shuts down immediately N/A L L Toggle EN pin
Reverse battery self- Auto-recover if fault
protection ViN<-Vra NA L H condition removed
Reverse load protection Vourt - ViN > VRL_TH N/A H L lout > 30mA.
Thermal shutdown T>Tsp N/A L L (4ms) T <Tsp - Tsp_nvs
Loss of GND IC or module GND loss | N/A | N/A | L H | Auto-recover if fault
condition removed

AEC Q100-012 Test Grade A Certification

Short-circuit reliability is critical for smart high-
side power switch devices. The AEC-Q100-012
standard is used to determine the reliability of the

the ISO7637-2 and ISO16750-2 tests for a 24V
system. Table 5 on page 21 shows the
ISO21780 tests for a 48V system.

Table 3: Tests in ISO7637-2 and 1ISO16750-2 for

devices when operating under a continuous 12V System

short-circuit condition. Different grade levels are Standard | Test Item | Level | Description
specified according to the pass cycles. This 1 v 150V/2ms
device is qualified with the highest level, Grade

A, which is a short-to-GND certification after 2a v 112V/50ps
being tested 1 million times. 7637-2 2b Vi 10\/(42”“ =
There applicable test modes are listed below: 3a IV 220V/01ps
1. Cold repetitive short-circuit test (long pulse) 3b \% 150V/0.1us
2. Cold repetitive short-circuit test (short pulse) éﬁrandp Us- = 42V
Transient Disturbances Tests 16750.0 |_TestB R < Sms
The MPQ5884 meets requirements specified in Reverse Us = - 30V
ISO7637-2, 1SO16750-2, and ISO 21780 Polarity t < 60s
standards based on the application circuit. Voltage

Table 3 shows the 1ISO7637-2 and ISO16750-2

tests in a 12V system. Table 4 on page 21 shows

MPQ5884 Rev. 1.0 MonolithicPower.com 20
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Table 4: Tests in ISO7637-2 and 1SO16750-2 for Table 5: Tests in 1ISO21780 for 48V System

24V System Standard Test Item Description
Standard | Test ltem Level | Description Test 02 Case
31V /2s
1 IV | -600V/1ms 1
2a \% 112V/50us Test 05 Case 54V / 120s
20V/ RN = ;
7637-2 2b v 00 21780 Test 06 60V / 60min
3a v -300V/0.1us Test 04 70V / 40ms,
3b v 300V/0.1ps Load Dump tr = 0.7ms
Load - 58V Test 05 24V [ 10s,
Dump Test Us- = 58 Starting Profile tr = 5ms
B tr < 5ms
16750-2 R
everse Us = - 30V
Polarity t <60
Voltage S

MPQ5884 Rev. 1.0
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APPLICATION INFORMATION

Figure 8 shows the MPQ5884’s typical application circuit. Table 6 shows the design guide index.

13, 14, 15,
27, 28, 29, 30 16-26
Vin = VIN vouT Vour
6V to 60V
Cc2 C1
o 1UF == 0.1yF —L o5
1 1206 0603 0603
L =
N 12
EN en  MPQ5884 R5
10kQ 0603 s B AN TS
R2 ] 10kQ 0603
oLD OLD
10kQ 0603 , R6
R3 10 FLT# —ANVVWV +5V
cs cs 10kQ 0603
o3 10k 0603 R4 R7
= 01-3\1/': gg;? ND Fault
0603 10kQ 0603
= = L 1uF i
I 0603 =
Figure 8: Typical Application Circuit
Table 6: Design Guide Index
Pin # Pin Name | Component | Design Guide Index
13, 14, 15, . ) , — .
27 28, 29, VIN C1.C2, D1 Select!ng the Input CapaC|.tor (VIN, Pln.s 13-15, 27-30)
30 Selecting the Input TVS Diode (VIN, Pins 13-15, 27-30)
16—26 VOUT C5 Selecting the Output Capacitor (VOUT, Pins 16-26)
11 FUSE C4 Selecting the FUSE Capacitor (FUSE, Pin 11)
10 CS R4, R5, C3 | Selecting the CS Resistor and Capacitor (CS, Pin 10)
1 OLD R2 Enable Low-la Mode or Open-Load Detection (OLD, Pin 1)
2 FLT# R6, R7 Fault Report (FLT#, Pin 2)
3 TS R5 Temperature-Sense Output (TS, Pin 3)
4-9 GND - Ground Connection (GND, Pins 4-9)
12 EN R1 Enable Power Output (EN, Pin 12)

Selecting the Input Capacitor (VIN, Pins 13-
15, 27-30)

For the best performance, a minimum 1pF
ceramic capacitor with X5R or X7R dielectrics is
highly recommended due to its low ESR and
small  temperature  coefficients. It s
recommended to use another lower-value
capacitor (e.g. 0.1uyF) with a small package size
(0603) to absorb high-frequency switching noise.
Place the smaller capacitor as close to VIN and
GND as possible.

Selecting the Input TVS Diode (VIN, Pins 13-
15, 27-30)

To prevent the voltage on VIN from exceeding
the absolute maximum value, it is recommended
to add a bidirectional TVS diode (SMBJ54CA) to
protect the device. Place the TVS diode as close
to VIN and GND as possible.

Selecting the Output Capacitor (VOUT, Pins
16—-26)

For the best performance, it is recommended to
use 0.1uF (0603) ceramic capacitors with X5R or
X7R dielectrics to absorb high-frequency noise.
Place the smaller capacitor as close to VOUT
and GND as possible.
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Selecting the FUSE Capacitor (FUSE, Pin 11)

To enhance the FUSE counter’'s stability, it is
recommended for the FUSE capacitance to
exceed 10nF. It is recommended to use small
package size (0603) ceramic capacitors with
COG or NPO dielectrics to ensure a consistent
capacitance across the full temperature range.
Place the smaller capacitor as close to FUSE
and GND as possible.

Selecting the CS Resistor and Capacitor (CS,
Pin 10)

The fuse-like current limit is set by a resistor
connected from the CS pin to ground. Select the
CS resistor (Rcs) appropriately. Rcs can be
calculated with Equation (9):

1 3V
Res(Q) = — x
cs(@) kecs  Iruseg (A)

(9)

For example, the fuse-like current limit is about
20A when Rcs = 681Q).

Place a minimum 10kQ resistor between the
MCU’s GPIO and the MPQ5884’s CS pin. In
addition, place a 100nF capacitor at GPIO to
filter the noise. Do not place a capacitor directly
at the CS pin, because this capacitor would
impact the internal close loop’s stability.

Enable Low-lg Mode or Open-Load Detection
(OLD, Pin 1)

The MPQ5884 switches to low-la mode by
pulling the OLD pin high when the EN is high.
The MPQ5884 switches to open-load detection
mode by pulling the OLD pin high when EN is
low.

Fault Report (FLT#, Pin 2)

The FT pin is an open-drain output. If using the
FT pin, connect it to a 3.3V or 5V power supply
via a pull-up resistor (R6, which is recommended
to be about 10kQ). FT asserts low if a fault
occurs.

Temperature-Sense Output (TS, Pin 3)

The TS pin voltage reflects the M-FET’s junction
temperature. See Equation (8) on page 19 for
the detailed calculation method.

Ground Connection (GND, Pins 4-9)

See the PCB Layout Guidelines section on page
26 for more details.

Enable Power Output (EN, Pin 12)

EN is a digital control pin that turns the device on
and off. When the EN pin voltage exceeds 1.5V,
the MPQ5884 turns on.

Pulse-Width Modulation (PWM) Switching

The MPQ5884 can be used for PWM switching.
To ensure that the die temperature does not
exceed the maximum rating, consider the turn-
on and turn-off energy.

Figure 9 shows the typical waveforms of EN,
Vour, and lour when the MPQ5884 executes
PWM switching with a resistance load.

At to, EN turns from low to high, and MPQ5884
starts up.

At t2, EN turns from high to low; the MPQ5884
shuts down, and Vout and lout begin to drop.

At t3, Vour and lout drop to zero.

EN } } I | [ I |
I I (. | I
! [ | [ I |
; I I
I I
! | |
} I I
1 | 1
to Ity P 1t its 1te 1t 1t Time
I I I [ I I
Vout Lo | I \ \
I [ I [ I I
I I I I
I N I N\ I I I
! I\ 1 | I\ ! I |
} } | I I\ I I
L o\ | I :
to ;tw }tz }(3 }tA }ts }ts }t7 }ts Time
| [ I (. I I
lour ! (I | (. I I
! [ | [ I |
I I I I
! AN | A I |
! I\ 1 | I\ ! | I
! I\ | 1\! I I
— : ‘ ; Time
I I I

Figure 9: PWM Switching

The heat dissipation on the MPQ5884 during
one PWM switching cycle (to to t4) can be
calculated with the equations below.

The MPQ5884’s heat dissipation during one
PWM cycle (Qoiss) can be estimated with
Equation (10):
t
Qpiss = ft04 Vour * loutpdt (10)

The MPQ5884’s dispassion power during PWM
switching (Poiss) can be calculated with Equation

(11):
]
Poiss = fewm * Qpiss = rwnlla Qpiss (11)

Where fpwm is the frequency during PWM
switching.
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The rising junction temperature (Ty,a) can be
estimated with Equation (12):

Tya=64a % Ppiss (12)

Where 6,4 is the MPQ5884’s thermal resistance
(see the Electrical Characteristics section on
page 5). The MPQ5884’s junction temperature
(T,) can be calculated with Equation (13):

Ty=Toa+Ta (13)
Where Ta is ambient temperature.

It is recommended to limit the MPQ5884’s
junction temperature below 150°C. Considering
the EN on delay and EN on time, it is
recommended to set the PWM on time to be
longer than 100us. When the duty cycle = 50%,
the maximum PWM frequency for the resistive
load is about 5kHz.

Driving Capacitive Loads

When driving a capacitive load, there is an inrush
current with a high input voltage due to the
MPQ5884’s fast turn-on. In this scenario, SCP
might be triggered by the inrush current. The
MPQ5884 can drive a 60uF capacitor directly
under the full temperature and full operation
voltage without triggering SCP. If the capacitive
load exceeds 60pF, it is recommended to apply
a PWM signal on EN during start-up. Note that
after SCP is triggered, the MPQ5884 latches off
for about 1ms; the MPQ5884 cannot recover
during this period, even if EN is reset.

It is recommended to apply 500Hz with a duty
cycle =50% or a lower PWM frequency signal on
EN.

Switching-Off Inductive Loads

When switching off an inductive load, a large
amount of unclamped inductive switching (UIS)
energy dissipates on the internal MOSFET. The
load current should be limited with different
inductive loads subject to the M-FET's UIS
limitation (see Figure 10).

Figure 10 shows the MPQ5884’s schematic
when driving an inductor load. The output
voltage (Vout) is negative as the load switch
turns off.

VBAT

Figure 10: Driving an Inductive Load

Figure 11 shows the typical inductive load’s
switching off waveform.

A |

|
EN

\J

Vout|  Vgar |

\J

lout |

toecay

Figure 11: Inductive Load Switching-Off
Waveform

During switching, the drain-to-source voltage is
clamped by the power FET’s drain-to-source
breakdown voltage (BVpss). During the current
decay period (tpecav), the energy dissipated on
the high-side load switch (E piss ) can be
calculated with Equation (14) through Equation
(18):

Epss = Jo ™ BVoss X lour(®dt  (14)

DISS 0

Where BVpss can be calculated with Equation
(15):

Vout = Vear - BVpss (15)
lout can be estimated with Equation (16):

vV V, R
lour(® = =2* + (IOFF - %) e, t<tpecay (16)
toecay can be calculated with Equation (17):

loFp*R + |VOUT|) (17)

t =Lx In(
DECAY ™ R Vourl
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For simplification, Episs can be estimated with E
quation (18):

= LOBar * Vourl) lorrXR + [Vourl
Bpee = =700 [|OFFXR -VourlIn (W)]('] 8)

When the load is a pure inductor (or R can be
ignored), Episs can be calculated with Equation
(19):

_ LxBer o Vear + IVourl

EDISS T ) X Vout! (19)
To prevent the device from damage, Episs should
not exceed the single-pulse energy value (see
the Absolute Maximum Ratings section on page
5). Repetitive pulse energy means that the
MPQ5884 can handle this energy for one million
cycles, and MPQ5884 does not experience any
degeneration.

Figure 12 shows the maximum allowable current
for an inductive load.

Output Inductance vs. Max
Allowable Load Current

10

0.1

OUTPUT INDUCTANCE (mH)

0 5 10 15 20 25 30
MAX ALLOWABLE LOAD CURRENT (A)

Figure 12: Maximum Allowable Output Current
with Various Load Inductance

If the MPQ5884 is used to switch an inductive
load, the unclamped inductance can cause the
power switch to break down. The energy ratings
in the Absolute Maximum Ratings section on
page 5 should not be exceeded. If additional
inductive energy handling is required, a TVS
diode can be used to absorb the entirety of the
inductive energy. The anode should be
connected to ground, and the cathode should be
connected to VOUT.

Loss of Input Supply or Load

If the input supply is lost, the output cable’s
inductance can cause a negative transient on
VOUT. If the load is lost, the supply cable’s
inductance can cause a positive transient
voltage on VIN. To suppress both transients, it is
recommended to place two TVS diodes in a
back-to-back configuration on the VIN pin. The
clamping voltage must be selected such that the
absolute maximum for the MPQ5884 is not
exceeded. Figure 13 shows this schematic.

VIN

SMBJ54CA%

MPQ5884

Figure 13: Loss of Input Supply or Load with
External Components
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PCB Layout Guidelines ("

An optimized PCB layout is very important for
proper operation. A 4-layer layout is strongly
recommended to improve thermal performance.
For the best results, refer to Figure 14 and follow
the guidelines below:

1. Use a large plane to connect to VIN, VOUT,
and GND directly.

2. Place the ceramic input capacitor and output
bypass capacitor as close to VIN and VOUT
as possible to minimize noise.

3. Place the FUSE capacitor as close to the
FUSE pin as possible to minimize noise.

4. Place the CS resistor as close to the CS pin
as possible to minimize noise.

5. Use large copper areas to minimize
conduction loss and thermal stress.

6. Use multiple vias to connect the power
planes to the internal layer.

Note:

11) The recommended PCB layout is based on the circuit in Figure

15 on page 27.

Top Silk and Top Layer
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Figure 14: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUIT

13, 14, 15,
_ 27, 28, 29, 30 16—26
Vin = VIN VOuT Vour
6V to 60V D1 c2 C1 C5
1pF 0.1uF ——0.1uF
SMBJ54CA 100V 100V 100V
1206 0603 0603
N .|  MPQ5884
EN AN EN RS
10kQ 0603 Ts AN o TS
R2 ; 10kQ 0603
oLD AAAY oLD
10kQ 0603 R6
R3 10 FLT# e VAVAY o +5V
(of] AAAY cs 10kQ 0603
10kQ 0603 R4
cs3 6810 R7
—— 0.1yF 0603 FUSE GND Fault
10V 11 —
| o603 ca 4-9 10kQ 0603
= = 0.1uF
10V =
0603

Figure 15: Typical Application Circuit
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PACKAGE INFORMATION

QFN-30 (5mmx6mm)
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SECTION A-A

NOTE:

1) THE LEAD SIDE IS WETTABLE.
2) ALL DIMENSIONS ARE IN MILLIMETERS.

3) EXPOSED PADDLE SIZE DOES NOT INCLUDE MOLD

FLASH.

4) LEAD COPLANARITY SHALL BE 0.08 MILLIMETERS

MAX.
5) JEDEC REFERENCE IS MO-220.
6) DRAWING IS NOT TO SCALE.
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CARRIER INFORMATION
Deta‘il A /\/Pin )
1 g ) o o ) § o 1 o) =1
0 T 1 ) o) ) 3 51 + 8
0 g g o 1 ) ) 5
7 0 o )
7 0 i 0 0 i o ) ) +\ [+
N 0 o 0 i ) 1
[ i g 3 o ) o) § i 5
[0 £ g} g ) o
Detail A
Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Part Number Description Reel Tube Tray Diameter V-I\-I?c?ti ;Iatzﬁ
MPQSEBIGQIE- (Sr?;’)\(‘g’;r?m) N/A N/A 364 N/A N/A N/A

/OOOOOOOO

Pl n 1 —'> 1 ) 1 ) 1 ° 1 °
Reel ABCD ABCD ABCD ABCD
Diameter /

_—>
Feed Direction
. . . Carrier Carrier
Package Quantity/ | Quantity/ | Quantity/ Reel
Part Number Description Reel Tube Tra Diameter Tape Tape
P y Width Pitch
MPQ5884GQJE- QFN-30 .

AEC1-7 (5mmx6mm) 5000 N/A N/A 13in 12mm 8mm
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