®

MP5098

12V/5V, Low lq, Dual-Channel E-Fuse with
Current Monitoring and Low On Resistance

DESCRIPTION

The MP5098 is a 12V/5V, low quiescent current
(la), low on resistance (Rps(on)), dual-channel e-
fuse protection device with current monitoring. It
protects output circuitry from input transients,
as well as protects input circuitry from output
shorts and transients.

At start-up, the inrush current is limited by
limiting the output slew rate. The slew rate is
controlled via the SS pin capacitor (Css).

The maximum load current (l.oap max) at the
output is current-limited. The magnitude of the
current limit (lumi) is fixed internally.

Full protection features include output over-
voltage  protection  (OVP),  over-current
protection (OCP), short-circuit protection (SCP),
and thermal shutdown.

The output voltage (Vour) is limited by output
OVP. Each rail's output current (loutr) can be
monitored via a resistor connected between the
IMON1 and IMON2 pins.

The MP5098 is available in a space-saving
TQFN-10 (2mmx3mm) package.

FEATURES

e 12V/5V Integrated Dual E-Fuse
e Dual-Channel Current Limiting
e 24V/100ms Maximum Surge Input Voltage
(Vin) Tolerance for 12V Bus and 5V Bus
e 40mQ Low On Resistance (Ros(on))
e Low Quiescent Current (la):
o 210pA lq for 12V Bus
o 190pA Iq for 15V Bus
e Configurable Soft-Start Time (tss)
e Fixed Trip/Hold Current Limit (lLvur):
o Fixed 4A Trip lumir for 12V Bus
o Fixed 2.5A Hold ILIMIIT for 12V Bus
o Fixed 3A Trip lumir for 5V Bus
o Fixed 1.3A Hold It for 5V Bus
e 15V Over-Voltage Protection (OVP)
Threshold for 12V Viy Channel
e 5.7V OVP Threshold for 5V Viy Channel
e Over-Current Protection (OCP) with Hiccup
Mode
e Short-Circuit Protection (SCP)
e Thermal Shutdown (Latch-Off Protection)
e Available in a TQFN-10 (2mmx3mm)
Package

APPLICATIONS

e Hard-Disk Drives (HDDs)
e Solid-State Drives (SSDs)
e Hot Swap Applications

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 MP5098 — 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING
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mps MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP5098GDT TQFN-10 (2mmx3mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP5098GDT-Z).

TOP MARKING

BLB
YWW
LLL

BLB: Product code of MP5098GDT
Y: Year code

WW: Week code

LLL: Lot number

PACKAGE REFERENCE
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

PIN FUNCTIONS

Pin # Name |Description

1 N Channel 1 and channel 2 enable. The EN pin is a digital input that turns the regulator on
and off. Float EN or pull EN low to turn the regulator on; pull EN high to turn it off.

> IMON1 Channel 1 current moni_toring. Connect a resistor between the IMON1 and GND pins to
set the current monitor gain.

3 GND | System ground.

4 VIND Channe_l 2 supp!y voltage. Channel 2’s ty.pical input voltage (_V|N) is _5V. Use a ceramic
decoupling capacitor to decouple the VIN2 pin. Connect VIN2 using a wide PCB trace.

5 VOUT2 |Channel 2 output terminal.

6 IMON2 Channel 2 current monitoring. Connect a resistor between the IMON2 and GND pins to
set the current monitor gain.

7 SS2 Channel 2 soft start. Connect a capacitor between the SS2 and GND pins to set channel
2’s soft-start time (tss).

8 SS1 ?,hatnnel 1 soft start. Connect a capacitor between the SS1 and GND pins to set channel

S (ss.

9 VOUT1 |Channel 1 output terminal.

10 VIN{ Channe_l 1 supp!y voltage. Channel 2’s typical input voltage (\_/|N) is 1_2V. Use a ceramic
decoupling capacitor to decouple the VIN1 pin. Connect VIN1 using a wide PCB trace.

ABSOLUTE MAXIMUM RATINGS ®

VINT, VOUTT ceeeeeeeee e -0.3V to +22V
Input positive transient (CH1 = 100ms)........ 24V
VINZy VOUT2 ceneieeieieeeeee e e e -0.3V to +15V
Input positive transient (CH2 = 100ms)........ 24V
All other pins......cccvivieeeeiiiee -0.3Vto +5V
Junction temperature................ -40°C to +150°C
Lead temperature ...........ccceevvvvevevennnennnnnne 260°C
Continuous Power Dissipation (Ta = 25°C) @®
TQFN-10 (2mmx3mm).......ccccvvvieeeneeeennnnes 3.1W
ESD Ratings

Human body model (HBM) ..................... 2000V
Charged device model (CDM).................. 1750V
Recommended Operating Conditions ©®
CH1 continuous voltage............. 10.8V to 13.8V
CH2 continuous voltage................. 4.6V to 5.5V

Operating junction temp (Ty) ....-40°C to +125°C

Thermal Resistance 6ua Ouc
TQFN-10 (2mmx3mm)

EV5098-D-00A ™ .. .ocoveven. 40....... 4...°C/W
JESD51-7® i, 70....... 5....°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,,, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) - Ta) / 84a. Exceeding the maximum allowable power
dissipation can produce an excessive die temperature, which
may cause 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.

) Measured on the EV5098-D-00A, 2-layer PCB, 54mmx46mm.
5) The value of 8,4 given in this table is 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.
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

ELECTRICAL CHARACTERISTICS

Vine = 12V, Vinz = 5V, Couti =
Ty = 25°C, unless otherwise noted.

Cout2 = 10pF, T, = -40°C to +125°C ©, typical values are tested at

Parameter | Symbol |Condition | Min | Typ | Max | Units
Supply Current
la_cH1 Ven is low 210 A
Quiescent current —
lo_cHz V en is low 190 MA
Isp_cH Ve~ is high 15 HA
Shutdown current —
Isp_cH2 V en is high 10 MA
Power MOSFET
R Ty =25°C 40 50 mQ
On resistance O T=2sec 65 LS
R Ty =25°C 40 50 mQ
PSON-CR2 T3, _ 125°C 65 | mQ
From V en is low to lourt rises up to
tEN_DELAY_CHI | 100mA, with 1A load resistor, SS1 is 220 bs
floati
Start-up delay oating —
From V enx is low to lourz rises up to
teN_DELAY.CH2 | 100mA, with 1A load resistor, SS2 is 220 bs
floating
Under-Voltage Lockout (UVLO) Protection and Over-Voltage Protection (OVP)
V“VLC(’:;F:'S'NG 96 | 10 | 104 | V
UVLO rising threshold Vone
UVLO_RISING 425 | 435 | 445 | V
_CH2
VUvLO FALLING_ 9.1 Vv
UVLO falling threshold o
UVLO_ FALLING 265
_CH2
VovpP_GCH1 13.8 15 16 \Y
Output OVP threshold Vour oo 55 57 59 v
tove oh Coutt = 10pF with 30Q load resistor, > s
Output OVP response - Vint = 12V to 18V/10us H
time i Coutz = 10uF with 10Q load resistor, 5 s
OVPCHZ | \/inp = 5V to 7V/10us H
Current Limit (IlLimir)
lLvit during normal lumiT_cH1 -10% 4 +10% | A
operation lumIT_cH2 -10% 3 +10% | A
Constant-current limit lumir_cc_cHt ) 2.5 A
during normal operation | lumr cc cHz @ 1.3 A
. teL_cH1 15 us
) =
[LimiT response time toL ore 15 us
|L|MIT2'S;—‘E1C_CC_ 8 A
Secondary lumit @) I
LIMIT_SEC_CC_ 8 A
CH2

MP5098 Rev. 1.0
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mps MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

ELECTRICAL CHARACTERISTICS (continued)

Vint = 12V, Vinz = 5V, Coutt = Cour2 = 10WF, Ty = -40°C to +125°C ©, typical values are tested at
Ty = 25°C, unless otherwise noted.

Parameter Symbol Condition Min Typ | Max | Units
Hiccup mode on time toN_HiccurP 2 ms
Hiccup mode off time toFF_HiccupP 200 ms
Current Monitoring (IMON1/IMON2)
Current-sense gain Gimont 32 HA/A
9 Gimonz 34 HA/A
loFFSET_cH1 0.45 2 3.5 A
- ff =
Current-sense offset lOFFSET_cH2 0.8 2.3 3.8 A
Current monitor voltage
range Vimon 0 25 \Y
Enable (EN) Control
EN falling threshold VEN_FALLING 095 | 1.15 | 1.35 Vv
EN hysteresis VEN_HYs 800 mV
EN pull down Ren pp 0.77 MQ
resistance
Soft Start (SS)
Iss_cH1 4 5.5 7 MA
Soft-start current lss orz 7 55 7 uA
Thermal Shutdown
Thermal shutdown @ [ Tsp | | | 155 | | °C

Notes:

6) Guaranteed by over-temperature correlation. Not tested in production.
7) Guaranteed by engineering sample characterization.
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mps MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL CHARACTERISTICS

Vint = 12V, Vine = 5V, Ta = 25°C, unless otherwise noted.

Quiescent Current vs. Input Quiescent Current vs. Input
Voltage Voltage
12V e-fuse V e-fuse
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mps MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL CHARACTERISTICS (continued)

Vint = 12V, Vine = 5V, Ta = 25°C, unless otherwise noted.

Vixy UVLO Threshold vs.

Vin UVLO Threshold vs.

Temperature Temperature
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mps MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL CHARACTERISTICS (continued)

Vint = 12V, Vine = 5V, Ta = 25°C, unless otherwise noted.

Current Limit vs. Temperature Current Limit vs. Temperature
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL PERFORMANCE CHARACTERISTICS
Vint = 12V, Vine = 5V, Ta = 25°C, unless otherwise noted.
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vint = 12V, Vine = 5V, Ta = 25°C, unless otherwise noted.
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vint = 12V, Vine = 5V, Ta = 25°C, unless otherwise noted.
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vint = 12V, Vine = 5V, Ta = 25°C, unless otherwise noted.
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vint = 12V, Vine = 5V, Ta= 25°C, un

SCP Recovery

less otherwise noted.
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MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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OPERATION

The MP5098 is a 12V/5V, dual-channel e-fuse
with current limiting. It is designed to limit the
inrush current to the load while a circuit card is
inserted into a live backplane power source.
This limits the backplane’s voltage drop and the
dV/dt to the load. The MP5098 offers an
integrated solution that can monitor the input
voltage (Vin), output voltage (Vour), output
current (lout), and die temperature. This
eliminates the need for an external current-
sense resistor, power MOSFET, and thermal-
sensing device.

Under-Voltage Lockout (UVLO) Protection

Channel 1 can be used in the 12V system, and
channel 2 can be used in the 5V system. High
energy transients can occur during normal
operation or hot swap. These transients are
determined by the wire’s parasitic inductance
and resistance, as well as the VCC capacitor
(Cvce). If a power-clamped TVS diode is not
used, then the e-fuse should be able to
withstand the transient voltage. The MP5098
integrates a high-voltage MOSFET and a high-
voltage circuit at VCC to guarantee safe
operation.

If Vin drops below the under-voltage lockout
(UVLO) threshold, then the output is disabled.
Once Vi exceeds the UVLO threshold, the
output is enabled.

Soft Start (SS)

Connect a capacitor to the SS pin to set the
soft-start time (iss). tss is a function of the soft-
start capacitor (Css). A constant-current source
charges Css, and the SS voltage (Vss) ramps
up. Vout ramps up at a similar slew rate to Vss.

tss can be calculated with Equation (1):
)= 1V x Cg (NF)
ISS

Where tovpr is tss between 0% and 100% of
Vour, and Iss is the soft-start current.

Output Over-Voltage Protection (OVP)

The MP5098 provides output over-voltage
protection (OVP) to protect the downstream
load from surge voltages at the input. An
accurate, fast comparator monitors Vour. If Vour

(1)

tDV/DT (mS

exceeds the OVP threshold, then the gate
voltage (Veate) of the internal MOSFETs is
pulled down. Vgate is regulated at a certain
value to keep Vour clamped at the OVP
threshold. Fast loop response speed (typically
2us) reduces the over-voltage (OV) overshoot.

Over-Current Protection (OCP)

If an over-current (OC) fault occurs (e.g. the
load exceeds the current limit [lumr cHx] or a
short occurs), then over-current protection
(OCP) is triggered and the part enters constant-
current mode. If the OC condition remains after
150us, then the part enters hiccup mode and
shuts down. After a 200ms off time (torr), the
part starts up again. The MP5098 repeats this
operation until the OC condition has been
removed.

Channel 1’s current limit (lumi_chi) is set at 4A
internally, and its constant-current limit
(lumit cc_cHi) is set at 2.5A. Channel 2’s current
limit (lumir cHe) is set at 3A internally, and its
constant-current limit (lumr cc ch2) is set at 1.3A.

Current Monitoring

The MP5098 provides current monitoring for
both channel 1 and channel 2. The IMONx pin
generates a current proportional to channel 1
and channel 2's load current (lLoap cHx).
Connect a resistor to IMONx to generate the
current monitor voltage (Vimonx). The effective
Vivonx range is between 0V and 2.5V to
guarantee that the sensing results are linear.
Vimonx can be calculated with Equation (2):

Vimonx(MV) = Givonx X IOUT(A) X Rimonx(kQ)
+ lossreT_cHx X Rimonx(kQ) 2

Where Gimon cHx is the current-sense gain,
Rimon chx is the current-sense resistor, and
lorrseT chx iS the current-sense offset.

Short Circuit Protection (SCP)

If the lLoap cHx increases rapidly due to a short
circuit, the current may exceed luwr crx before
the control loop can respond. If the current
reaches the secondary luwir level (8A), then
short-circuit protection (SCP) is triggered and
the fast turn-off circuit turn offs the MOSFET
(see Figure 1 on page 15). This limits the peak
current through the MOSFET to maintain V.
The total short-circuit response time is less than

MP5098 Rev. 1.0
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1us. Once the e-fuse turns off, the part starts up
after a delay (200ms). If the short still remains,
then Vgare is regulated to maintain the current
at its lumir level, and the part enters hiccup
mode after a 200ms off time (torr). The MP5098
repeats this operation until the short circuit has
been removed.

Enable

EN is a digital control pin that enables and
disabled the current-limit MOSFET. Pull EN low

or float EN to turn the current-limit MOSFET on;
pull EN high to turn it off. An internal 770kQ
resistor connected between EN and GND
allows EN to float to start up the device.

Thermal Shutdown

Thermal shutdown monitors the silicon die
temperature to prevent the chip from operating
at exceedingly high temperatures. If the
temperature exceeds 155°C, then the part
shuts down.

MP5098 Rev. 1.0
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APPLICATION INFORMATION
Setting the Soft-Start Time (tss)

The soft-start time (tss) is a function of the soft-
start capacitor (Css). tss can be calculated with
Equation (3):

(ms) = 1V x Cg (NF)

ISS

(3)

tDV/DT

Where tpvor is tss between 0% and 100% of Vour.

Design Example

Table 1 shows a design example following the
application guidelines for the specifications.

Table 1: Desigh Example

Vini 12V
Vourti 12V
Vinz 5V
Vour2 5V

Figure 3 on page 19 shows the detailed
application schematic. The typical performance
and waveforms are shown in the Typical
Characteristics section on page 7 and the Typical
Performance Characteristics section on page 10.
For more device applications, refer to the related
evaluation board datasheet.

PCB Layout Guidelines

Efficient PCB layout is critical for stable operation.
For best results, refer to Figure 2 and follow the
guidelines below:

1. Place the high-current paths (VIN and VOUT)
close to the device using short, direct, and
wide traces.

2. Place the input capacitors as close to the VIN
and GND pins as possible.

3. To improve thermal performance, connect the
VIN pad to the large VIN plane, and the
VOUT pad to the large VOUT plane.

4. Place Css as close to SS pin as possible.

Figure 2: Recommended PCB Layout

MP5098 Rev. 1.0
11/2/2021

MonolithicPower.com 18
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



mes

MP5098 - 12V/5V, DUAL-CHANNEL E-FUSE WITH CURRENT MONITORING

TYPICAL APPLICATION CIRCUIT

Vi = 10.8V
Ith1) 13.2V Vouti = Vini
© _T_ VIN1 VOUTA1 _T_ o
C|N1 COUT1
10uF T T 10uF
I SSi
Csst
100nF T
Vpp = 45V
Iit\jé 5.5V Voutz = Vinz
o T VIN2 VOUT2 T o
Cinz MP5098 Coury
10pF T T 10uF
o T
SS2
100nF
00nF T IMON1 . o
- § R1
_ 20kQ
ON|OFF © EN =3
IMON2 . o
g R2
z 20kQ
GND
1

Figure 3: Typical Application Circuit
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PACKAGE INFORMATION
TQFN-10 (2mmx3mm)
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RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

/OQOQOQOO

Pinl —» 1B ire 1l e
Reel ABCD ABCD ABCD ABCD
Diameter /

— >

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
TQFN-10 .
MP5098GDT-Z (2mmx3mm) 5000 N/A N/A 13in 12mm 8mm
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