MP5990

16V, 50A, 1mQ Rpson,
Fully Integrated Hot-Swap Solution
with PMBus Interface

DESCRIPTION

The MP5990 is a fully integrated, PMBus
compatible, compact hot-swap protection
device. It contains a hot-swap controller and a
high-side power MOSFET (HS-FET), which
allow it to operate as a standalone device. The
MP5990 can also operate as a hot-swap
controller in parallel with the multi-phase
MP5991. The device can achieve up to 50A of
continuous output current (lout) per device at
room temperature, and up to 60A of continuous
lout with airflow.

The device limits the backplane voltage drop by
limiting the inrush current to the load while a
circuit card is inserted into a live backplane
power source. The MP5990 limits the internal
MOSFET current (let) by controlling the gate
voltage (Veate) via the current limit (Ium)
reference input and soft-start ramp.

The MP5990 provides many features to simplify
system design, such as an integrated current
mirror to monitor loyr and integrated on-die
temperature-sensing. This eliminates the need
for an external current-sense power resistor,

power MOSFET, and temperature-sense device.

The MP5990 provides rich fault protections,
such as input voltage (Vi) over-voltage
protection (OVP), lour over-current protection
(OCP), short-circuit protection (SCP), and over-
temperature protection (OTP). The MP5990
detects power MOSFET gate, source, and drain
short conditions. The fault status can be
indicated with the fault report output (GOK).
The MP5990 also provides Vv under-voltage
warning (UVW), output over-current warning
(D_OC) and power good (PG) indication.

The PMBus interface provides V), input current
(), input energy (Ei), output voltage (Vour),
lour, input power (Pi), and output power (Pour)
telemetry. The MP5990 monitors and reports
fault statuses through the PMBus interface.

The MP5990 is available in an LGA-45
(5mmx7mm) package.

FEATURES

e 4V to 16V Operating Input Voltage (Vin)

Range

Maximum 50A of Output Current (lour)

Supports 60A of loyr with Air Flow

1mQ Integrated Power MOSFET

PMBus/I?C 1.3 Compatible

+1% IMON Reporting Accuracy

Built-In MOSFET Driver

Integrated Current-Sense with Sense Output

Configurable Over-Current Limit

Configurable Short-Circuit Current Limit

Built-In Insertion Delay

Configurable Soft Start (SS)

Built-In Fuse Health Reporting

Fault Signal Output (GOK)

Power Good Indication (PG)

Vin Under-Voltage Warning (UVW)

Fault Type Indication (FLT_TYPE)

Faults Auto-Record to the NVM

Vin OVP, SCP, OCP, and OTP with Options

for No Action, Latch, Retry, or Hiccup Mode

Intelli-Fuse Junction Temperature Monitoring

Intelli-Fuse Controller

Built-in NVM to Store Custom Configurations

High Precision E, PN, Pourt, and lour

Reporting

e Configurable TON_DELAY and
TOFF_DELAY

o NVM Write Protection

e Available in an LGA-45 (5mmx7mm)
Package

APPLICATIONS

Hot Swaps
PC Cards
Disk Drives
Servers

5G Telecom
Networking
Laptops

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 MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL APPLICATION

VDD33 In

V|NC

Lr

EN VDD33 GND Vour
VOUT *—9

Pull-Up VINSEN

OCREF

scL SCREF_
OCWREF

SDA MP5990 ON

ALT# cs
VIN_UVW#
PG/OCW#
VDD18

L
VOSEN :I:

PMBUS
Interface

Pull-Up

VIN_UVW#O
PG/OCW#0—H

FLT_TYPE

GOKE 0 GOK
ADDR p_ocl} 0 OC Warning
IMON  VTEMP MODE

Figure 1: MP5990 Standalone Application Circuit

MP5990 Rev. 1.1 MonolithicPower.com 2
4/19/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



mps MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL APPLICATION (continued)
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Figure 2: MP5990 (Master) + 1-Phase MP5991 (Slave) — Parallel Operation
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mP5 MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP5990GMA-xxxx** | LGA-45 (5mmx7mm) See Below 3

* For Tape & Reel, add suffix -Z (e.g. MP5990GMA-XxXxx-Z).

** “xxxx” is the configuration code identifier for the register settings stored in the NVM. Each “x” can be a
hexadecimal value between 0 & F. Contact an MPS FAE to create this unique number. “-0000” is the universal
configuration code with default values.

TOP MARKING

MPSYYWW
MP5990
LLLLLLL

MPS: MPS prefix

YY: Year code

WW: Week code
MP5990: Part number
LLLLLLL: Lot number

PACKAGE REFERENCE
TOP VIEW

FLT_TYPE

VIN [ )| vouT
VIN VOouT
VIN VOUT
VIN VOUT
VIN VOUT
VIN VOUT
VIN VOUT
VIN VOuT
VINSEN EN
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SDA ADDR
PG/OCW# |13 )%l OCREF

3+ a2l ® 0

£ 8282303858

S 26 8
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>

LGA-45 (5mmx7mm)
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mP5 MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

PIN FUNCTIONS

Pin # Name I/O |Description
12,3 4, System input power supply. The VIN pin is connected to the drain of the
5678, VIN All integrated power MOSFET
42,43 gratedp '
Input voltage (Vin) sensing. The VINSEN pin reads back Vin through the
9 VINSEN ATll [internal analog-to-digital converter (ADC). Connect VINSEN to the VIN rail via
a resistor divider.
10 ALT# D [O] |PMBus alert signal.
11 SCL D[] [PMBus clock signal.
12 SDA D [I/O] |PMBus data signal.

Multi-function pin. The PG/OCWH# pin can be configured for power good (PG)
or over-current warning (OCW) indication via register C7h, bit[13]. When this
pin is set to PG, this pin is the open-drain PG indicator. If the SS pin’s voltage
exceeds 340mV and Vour exceeds the PG setting threshold, PG asserts high.
When this pin is set to OCWH#, it acts as an open-drain OCW indicator. If the
sensed lout exceeds the OCW threshold, this pin asserts low.

13 PG/OCW# | D [Q]

Input under-voltage warning (UVW) open-drain indicator. If Vin drops below

14 VIN_UvW# | D [O] its configured UVW threshold, the VIN_UVWH# pin asserts low.

Junction temperature (T;) sense. Connect all the VTEMP pins of the e-fuse
slaves to the MP5990’s VTEMP pin. Place a minimum 10kQ resistor and a
15 VTEMP A[l] |maximum 1nF capacitor in parallel from VTEMP to AGND. The MP5990
senses the voltage on the VTEMP pin and reports the maximum T, of all Intelli-
Fuse phases.

Soft-start time (tss) setting. tss is set by an external capacitor connected to

16 SS AlQ] the SS pin. The internal circuitry controls the Vour slew rate during start-up.

Internal 3.3V LDO output. Place a 1pF decoupling capacitor close to the

17,45 VDD33 Power VDD33 and GND pins.

18, 44 GND A Ground.

1.8V LDO output. The VDD18 pin provides the power supply for the internal

19 vbD18 Power digital circuit. Connect a 1uF bypass capacitor from VDD18 to AGND.

Current-sense output. The CS pin’s voltage (Vcs) is compared to Vocrer to
determine the Intelli-Fuse over-current (OC) limit. Vcs can assert the D_OC pin
when it is compared to the OCWREF pin’s voltage (Vocwrer). Connect a
resistor from the CS pin to GND to generate Vcs.

20 cs A[O]

Current monitor output. The IMON pin’s output current (lout) is proportional
to the current flowing through the device. Place a resistor and a 2.2nF to
100nF capacitor in parallel from IMON to AGND. The MP5990 senses the
voltage on IMON and converts the voltage into the total lout report.

21 IMON | A[l/O]

OC limit reference. Vocrer is the digital-to-analog converter (DAC) output of
22 OCREF A[O] |the internal OC limit reference. The MP5990 compares Vocrer and Vcs to
determine the Intelli-Fuse OC limit.

PMBus address 4 LSB setting. Connect a resistor divider from the VDD18 to

23 ADDR A[ll |AGND pin to set the 4LSB of the PMBus address based on the ADDR pin’s
voltage.
o4 VOSEN Al Output voltage (Vour) sensing. The VOSEN pin reads back Vour through the

internal ADC. Connect VOSEN to the rail output via a resistor divider.

MP5990 Rev. 1.1 MonolithicPower.com 5
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meSs

MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

PIN FUNCTIONS (continued)

Pin #

Name

I/O

Description

25

SCREF_
OCWREF

A[O]

Short-circuit current limit reference and over-current warning (OCW)
reference. The SCREF_OCWREF pin is a DAC output that sets the short-
circuit current limit and OCW current limit. If Vss > 340mV and ON is high, the
pin transits from SCREF to OCWREF.

26

EN

D[1]

Enable control. The EN pin is a digital input that turns the MP5990 on and off.
Drive EN high to turn on the MP5990; drive it low to turn off the device.

27, 28, 29,

30, 31, 32,

33, 34, 35,
36

VOUT

A[O]

Output voltage. The VOUT pin is connected to the source of the integrated
power MOSFET.

37

D [O]

OC indication digital output. The D_OC pin is an open-drain output. If Vcs
exceeds Vocwrer, D_OC asserts low.

38

ON

D [O]

Power MOSFET on/off control. Pull the ON pin above 2V to turn on the e-
fuse power MOSFET; pull ON below 0.6V to turn off the e-fuse power
MOSFET. The e-fuse power MOSFET cannot be turned off by pulling ON low
externally.

39

GOK

D [1/O]

Intelli-Fuse open-drain fault reporting output, and multi-phase slave fault
detection input. The GOK pin is an open-drain output. If a fault occurs, GOK
asserts low and latches. The faults that can trigger GOK include input over-
voltage (OV) faults, output OC faults, short-circuit faults, over-temperature
(OT) faults, and FET health faults. When the MP5990 operates in parallel with
the MP5991, the GOK pin works as the input for the slave phases’ (MP5991)
fault detections. If GOK is pulled low by the slaves, then the master (MP5990)
pulls the ON pin low to disable the output.

40

FLT_TYPE

ATl

Intelli-Fuse fault type indication output. The FLT_TYPE pin reports the fault
type. During multi-phase operation, connect the FLT_TYPE pins together to
indicate the most serious fault in the system.

41

MODE

ATl

Mode selection. Connect a 120kQ (x10%) resistor from the MODE pin to
GND.

MP5990 Rev. 1.1
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mP5 MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

ABSOLUTE MAXIMUM RATINGS @

VIN (DC) i -0.3V to +20V
VN (1US) ....................................................... 24V
VIN (25N8) coiiieiiieiieee e 29V
NV OUT ettt -0.3V to +20V
VDD33....o e, -0.3V to +4V
VDDI18.....oiiieeieeeei e -0.3V to +2.2V
IMON, VINSEN, ADDR, FLT_TYPE, VTEMP,
VOSEN ..ottt -0.3V to +2.2V
All other pins ..., -0.3V to +4V
Continuous power dissipation (Ta = 25°C) @
................................................................. 5.46W
Junction temperature ............ccccvveeeeeennnns 150°C
Lead temperature .........ccccceeeeviniiiiieneeeenn. 260°C
Storage temperature................ -65°C to +150°C
ESD Ratings ©®

Human body model (HBM) .................. Class 1C
Charged device model (CDM)........... Class C2B
Recommended Operating Conditions @
Input voltage operating range.............. 4V to 16V

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

Thermal Resistance ® 6:n Oic
LGA-45 (5mmx7mm)........... 22.9....10.1...°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, To. The maximum allowable continuous power
dissipation at any ambient temperature is calculated by Pp
(MAX) = (T; (MAX) - Ta) / 6;a. Exceeding the maximum
allowable power dissipation can produce an excessive die
temperature, and the regulator may go into thermal shutdown.
Internal thermal shutdown circuitry protects the device from
permanent damage.

3) Followed ANSI/ESDA/JEDEC JS-001 for HBM and
ANSI/ESDA/JEDEC JS-002 for CDM.

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

5) Measured on JESD51-7, 4-layer PCB.

MP5990 Rev. 1.1
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MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

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

Parameters |  Symbol [Condition | Min | Typ | Max | Units
Supply Current
EN is low, low-power mode 1.2 2.5 mA
EN is low, regular power mode 11 22.5 mA
Quiescent current loin Both EN and ON are high, no 112 | 227 mA
load ' '
Fault latch off 11 22.4 mA
VDD33 Regulator and Under-Voltage Lockout (UVLO)
VDD33 regulator output VDD _
voltage 33 Ivbpss = OMA 3.22 | 332 | 342 Vv
VDD33 regulator load Avonss Ivbpasz = 25mMA 2 %
capability Ilvopss = 40mA 35 %
VDD33 UVLO rising VDD33vr 255 | 27 | 285 | Vv
threshold
VDD33 UVLO falling VDD33vn, 215 | 23 | 245 | Vv
threshold
VDD33 UVLO hysteresis VDD33hys 400 mv
VDD18 Regulator
1.8V regulator output voltage 1.78 1.8 1.82 V
i’é%;gﬁg;lator load Avpbpis lvbb1s = 30mMA 2 %
Vin Under-Voltage Protection (UVP) and Over-Voltage Protection (OVP)
Vin analog UVLO rising
threshold VIVTHRANA | isable digital Vin UVLO (C4h, | 20° | 32 | 335 Y
- {71 =
;Q?eiﬂ%llgg UVLO falling VIN_VTHF_ANA bit[7]=0) 2.55 2.7 2.95 V
Vi digital on/off threshold v Set by 35h, bits[6:0] and 36h, 0to Vv
configurable range © IN_ONOFFDCTL | hits[6:0] 63.5
Set the digital OVP threshold to
Vin analog OVP threshold VIN_ovP_ANA 20V via 55h, bits[6:0] 17 18.5 20 \%
Auto-retry mode, set the digital
Vin analog OVP hysteresis Vin_ovp_ana_Hys | OVP threshold to 20V via 55h, 1.2 \Y
bits[6:0]
VN digital OV configurable . Oto
ralll;;geg(e) 9 Vin_ove peTL | Set by 55h, bits[6:0] 63.5 \%
Enable (EN)
EN rising threshold VEN_ON 1.2 \Y;
EN falling threshold VEN_oFF 0.83 \%
EN high leakage lIHEN) EN = 3.3V 3.6 MA
Low-power mode, EN high to
PP | ON high, TON_DELAY =0 130 us
Enable delay :
t Regular power mode, EN high 05 10 S
DLY_RP to ON high, TON_DELAY = 0 : H
Power MOSFET
. Ty =25°C, IreT = 2A 1 1.25
On resistance Rpbson) T,= 125°C. lrer = 2A © 135 17 mQ
Off-state leakage current lorr Vin = 16V, power MOSFET off 1 A

MP5990 Rev. 1.1
4/19/2024
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mP5 MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, EN = high, Rcs = 2kQ, Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

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

ON output low voltage VoLoN 0.6 \%
ON output high voltage VoHoN 2 \%
ON output at no power Vonini VDD33 < UVLO threshold, EN =0, 0.6 \%

sink current = 100pA
FET on insertion delay time oLy on Vin and VDD33 > UVLO threshold 0.8 1.3 1.8 ms
ON reset from fault status, high

ON blanking time tonBLANK level trig mode 0.7 1 15 ms
Analog-to-Digital Converter (ADC)

Voltage range © FSanc (itg \%
Reference voltage -05% | 1.6 [+0.5%| V
ADC resolution © 10 bits
DNL® 1 LSB
INL ® 1 LSB
Sample rate © 780 kHz
Current Monitor Output (IMON)

IMON sense gain lout > 4A 9.9 10 10.1 | pA/A
IMON sense offset lout > 4A -1 +1 MA
Current-Sense (CS) Output for Over-Current Protection (OCP)

CS gain lcs / lout  |lout > 4A 9.6 10 10.4 | pA/A
CS gain offset lout > 4A -1 +1 MA

Over-Current Limit Reference (OCREF)

Vee at Vout < 80% of Vin, Ts =25°C | 570 635 699 mV

OCREF internal max Vee at Vour < 80% of Vi,
current limit clamp VOCREE_CLAWP | 1 '~ 250C ©) 370 | 440 | 570 | mV
Vout 2 80% of Vin 1.9 2 2.1 V
gﬁgt'izo‘r’]"tieggf"em ©OC) | toc ke |Vour = 90% of Vin, Vocrer 2 0.3V 220 us
OCREF DAC operatin Oto
range © P 9 FSpacocrer 18 \%
DAC reference VOCREFREF 1.74 1.76 1.78 V
. Resolution 6 bit
Resolution ©
utl ADAC_OCREF 28 mV
OCREF DAC buffer sink A Isink = 200PA, Vocrer = 0.31V 6 %
ability OCREF_S! Isink = 200PA |, Vocrer = 1.76V 1 %
OCREF DAC buffer source A Isource = 200uA, Vocrer = 0.31V -4 %
ability OCREFSO IsourcE = 200puA, Vocrer = 1.76V -1 %
Short Circuit Current Limit Reference (SCREF)
SC limit = 40A 0 0.16 \%
SCREE volt ‘ SC limit = 60A 0.24 0.3 0.36 \%
 vorlage range for Vscumr | SC limit = 80A 048 | 06 | 072 | V
short-circuit current limit —
SC limit = 120A 0.96 1.2 1.44 \Y
SC limit = 100A 1.68 \
i?g&::é;cg;t current limit lLmiTsc Vscrer > 1.68V 100 A
MP5990 Rev. 1.1 MonolithicPower.com 9
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MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, EN = high, Rcs = 2kQ, Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

Parameters Symbol Condition Min | Typ | Max | Units
Short-cwcu_lt prggectlon tsc 200 ns
response time
Short-circuit start-up Vour < 1/8 of Vin, MOSFET
protection timer ISCTMER | o irrent is regulated by Vee 211 32 ms
SCREF DAC voltage range © | FSpac screr Oltg Vv
SCREF DAC reference VSCREF REF 174 | 1.76 | 1.78 \%

. Resolution 6 bits
Resolution ©

ADAC OCREF 28 mV
SCREF DAC buffer sink A Isink = 200pA, Vscrer = 0.31V 6 %
ability SCREFST T Tlsink = 200uA, Vscrer = 1.76V 1 %
SCREF DAC buffer source A Isource = 200pA, Vscrer = 0.31V -2 %
ability SCREFSO  1lsource = 200pA, Vscrer = 1.76V -1 %
Soft Start (SS)
SS pull-up current Iss Vin = 12V, Rss = 0.8MQ 13 15 17 MA
SS pull low voltage VoL_ss Sink current = 10mA 0.2 \%
SS MOSFET off-state _ _
leakage current ILkG_ss ON =0, Vss = 3.3V 1 MA
SS internal comparator Transit from SCREF to
threshold Vssi | oCWREF 340 mv
GOK Output and Comparator
Output low voltage VoL_cok Sink current = 10mA 0.3 \%
GOK off-state leakage current lLkG_cok Veok = 3.3V 3 MA
GOK int | pull- ist
o internal pull-up resistor Roor T 370 KO
GOK comparator low
threshold VGok_TH Fault status 1.05| 1.16 1.3 \%
GOK comparator hysteresis VGok Hys 900 mV
GOK fault delay time 10 15 uS
D_OC Output
Output low voltage VoL_poc Sink current 10mA 0.3 \%
D_OC bar off-state leakage _
current ILke_poc Vboc = 3.3V 1 MA
Vout = 90% of Vi,
D_OC high to low threshold Vpoc_TH 0.3V < Vocwrer < 1.8V, 95% | 100% | 105% | Vocwrer
Rwmope = 120kQ

OCW Output
OCW low voltage VoLcok Sink current = 10mA 0.3 \%
OCW high leakage current ILcok Vocw = 3.3V 1.5 2.3 MA
FET Short Detection
FET drain-to-source short o o o
analog entry threshold Vout_psTH 85% | 90% | 95% VIN
FET drain-to-source short o o o
analog recovery threshold Vout_FAULTH 65% | 70% | 75% Vin
GS stort protection delay tosst  |Vss>VDD33-0.7 200 | 250 | 300 | ms
MP5990 Rev. 1.1 MonolithicPower.com 10
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MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, EN = high, Rcs = 2kQ, Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

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

Fault Type Indication Output (FLT_TYPE) Total 6 Types

ELC-L—(TG)YPE voltage during Ver_tvpesc | Short-circuit fault 15 \%

FLT_TYPE voltage during OC fault during normal

OCP VRLTTYPEOC | b aration and soft start 1.16 1.2 1.24 v

FLT_TYPE voltage during Ove-temperature (OT) fault,

OTP and Vin OVP VRTTveeOT |y over-voltage (OV) fault 0865 | 0.9 | 0.935 v

FLT_TYPE voltage during

FET GS and DS short Ve tyPepss | FET DS and GS short event 0.57 0.6 0.63 \%

(F;LOTKHU'TIE voltage during |, s | GOK fault event 0275 | 03 | 0325 | V

FLT_TYPE voltage at other VELT_TYPEOTHER 0.08 0.1 0.12 \%

faults

MODE

MODE source current IMoDE 9 10 11 MA

xiggofvvo'tage setting Viwooe | Ruooe = 120kQ 096 | 12 | 144 | v

VTEMP

VTEMP sense gain © 8.7 mV/°C

VTEMP sense output © T;=25°C 370 mV

Thermal Shutdown

OT threshold © | Tiow | 145 °C

PMBus Timing Characteristics (1IMHz) ®©®

Operating frequency range 10 1000 kHz

Bus free time Betw_egn a stop and start 0.5 us
condition

Hold time 0.26 us

Repeat(_ad start condition 0.26 us

set-up time

Stop condition setup time 0.26 us

Data hold time 0 ns

Data set-up time 50 ns

Clock low timeout 25 35 ms

Clock low period 0.5 uS

Clock high period 0.26 50 us

Clock/data falling time 120 ns

Clock/data rising time 120 ns

Note:

6) Guaranteed by design or characterization data. Not tested in production.
7) The device supports 100kHz, 400kHz, and 1MHz bus speeds. The PMBus timing parameters in this table are for operation at 1MHz. If the
PMBus operating frequency is 100kHz or 400kHz, refer to the SMBus specifications for timing parameters.

MP5990 Rev. 1.1
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mps MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL CHARACTERISTICS
Vin = 12V, Cout = 330pF, Rcs = Rimon = 2kQ, Ta = 25°C, unless otherwise noted.
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mps MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL CHARACTERISTICS (continued)
Vin = 12V, Cout = 330pF, Rcs = Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

IMON Gain Accuracy vs. Output

Case Temperature Rise vs.
Output Current
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mps MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 12V, Cout = 330pF, Rcs = Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

VIN Hot Plug

VIN Hot Plug

loutr = 0A lout = 10A
e |
crz v o b /
. IN 1
CH1: Vour t . : - CH1: Vour t . -
A : |
CH3: GOK -_ CH3: GOK Dﬁ
CH4: In | ; e CH4: In |
. Q i o | el _g ] o i S [
Shutdown through VIN Shutdown through VIN
lout = 0A lout = 50A
CH2: Vin t CH2: VN Rt o \ I S S S
CHl VOUT ........ \ .............. CHl VOUT L |.
F
CH3:ON [er CH3:SS o } \
CH4: In 4 . - CH4: Iin 8 |
T S - ol L @ o a Ju T
Start-Up through EN Shutdown through EN
loutr = 10A lout = 50A
,,,,,,,,,,,,,,,,,,,, |
CH2: GOK [> ' / CH2: GOK [l : \3
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..... TR ]
CH3: EN rm ] CH3: EN | 8 !
.......... | b |
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i v @ o o JoThe s S | o 0 L8 o L aew O | e
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mps MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Cout = 330uF, Rcs = Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

Start-Up via On Command
lout = 10A, PG on = 10V

Shutdown via On Command
lout = 50A
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CH2: PG 2] T, m_—————— CH2: PG "\ SN S NN S WU ITTUNS, ROV ST NPT ST
4 4
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@ 9. o [ e O [ hed o e B L a5 | e
Total OCP
Lo L Per-Phase OCP
Total OCP limit = 55A, fault timer = 2ms, Per-ph OCP limit = 60A. latch-off mod
latch-off mode er-phase imit = , latch-off mode
CH1: Vour @ .
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............................. CHI: Vour —
CH2: GOK  Iopfeeioeeeieeeeiee e . y
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CH3: IMON m—-/_ ) B |
CH4: I IDV 1 CHA: I Il}/ i |
R S 7 9 T o 8 ] o
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Per-phase OCP limit = 60A, retry 6 times | - 80A latch-off mod
mode, auto retry time = 200ms LmIT = » latch-oi moae
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- CH2: GoK [ X
CHL: Vour  fg .. CH1: Vour [ o~ :
e I w | | ( .... \
m-nll . P 1 =
FLT_TYPE K ‘ S FLT_TYPE : )
CH4: In o ‘ | CH4: I I® -
IR S Y @ PR, e e o
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mps MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Cout = 330uF, Rcs = Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

SCP
lumir = 100A, latch-off mode

Short-Circuit Start-Up

CH2: GOK  |ef S
- \" CH2: Vin t
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e I T . e
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CH4 In o o = g S 1 j'
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@ ot @ o o s B ] obd O O .
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mps MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Cout = 330uF, Rcs = Rimon = 2kQ, Ta = 25°C, unless otherwise noted.

| D | R~ B
CH: Vour R =
CH2: b e Tl . . N D I S I
MP5990-CS MP5990-CS
CHS3: CH3:
,,,,,,,, o) ~ [T— ——
MP5991-CS1 MP5991-CS1 2
cHa: Bb CH4:
: MP5991-CS2
MP5991-CS2
@ s 4.00ms 125MS/! [N 28 Now 2} S0V % o T N "
8 ¢ Lo e B [ BR Tl 8 L me e
17

Current Balance during Start-Up

while Paralleling
1 MP5990 and 2 MP5991s work in parallel,

Rimon = Rcs per device, lout = 0A

Current Balance during Start-Up

while Paralleling
1 MP5990 and 2 MP5991s work in parallel,
Rimon = Rcs per device, lout = 45A

MP5990 Rev. 1.1

4/19/2024

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

© 2024 MPS. All Rights Reserved.



mP5 MP5990 - 16V, 50A, 1ImQ, INTELLIGENT HOT-SWAP SOLUTION WITH PMBUS

FUNCTIONAL BLOCK DIAGRAM

va]
Charge
vop33[ —K———{ LDO Pump
¥) 120A
Current f)
Sense N
. |
® ® @ I%
h [ ]vour
[ AMP VDD33
IMON - <
B I'= (Vi / 800KQ) & S 640kQ
SCP Limit|
+
+ —l AMP J
d — S 80kQ
> Fast-Off Comp. VDD33 Soft Stan
A4
1 ——{ | ss
cs[ ] + v VDD33 ]
— BE
Amp IN OUT
’( — MODE
ocREF[_}
L/T 2 VTEMP
SSRDY EN
SCREF_ Analog .
OCWREF L Control Logic b oc
VDD33 VDD33
370kQ
' | ] cok
~ o |_ |
PGIOCW# | z z
|
I L ) 3 X [ ] on

OCW_SC_REF (C5h .
Digital Control

ON Logic :
VIN_UVV\[ ]—l_ I@l 9 Logic

VIN_OV_FAULT_
LIMIT (55h

o
SDA
IMON
- IOUT_OC_FAULT_ ALT#
iy
VINSEN VINSEN
OT_FAULT_LIMIT
VOSEN VOSEN READ " (4Fh) GND
FLT TYPE| Mux ADC || TEMPERATURE (8Dh) I:

ADDR[ |—ARDR

VTEMP | .

Figure 3: Functional Block Diagram
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OPERATION

The MP5990 is a fully integrated, PMBus
compatible, compact hot-swap protection
device. It contains a hot-swap controller and a
high-side power MOSFET (HS-FET), which
allow it to operate as a standalone device. The
MP5990 can also operate as a hot-swap
controller that works in parallel with the multi-
phase MP5991. The device can achieve up to
50A of continuous output current (lout) per
device at room temperature, and up to 60A of
continuous loyut with airflow.

The device limits the backplane voltage drop by
limiting the inrush current to the load while a
circuit card is inserted into a live backplane
power source. The MP5990 limits the internal
MOSFET current (Iret) by controlling the gate
voltage (Veate) via the current limit (ILmit)
reference input and soft-start ramp.

The MP5990 provides rich fault protections,
such as input voltage (Vi) over-voltage
protection (OVP), lour over-current protection
(OCP), short-circuit protection (SCP), and over-
temperature protection (OTP). The MP5990
detects power MOSFET gate, source, and drain
short conditions. The fault status can be
indicated with fault report output (GOK). The
MP5990 also provides Vi under-voltage
warning (UVW), output over-current warning
(D_0OC) and power good (PG) indication.

Enable (EN) Control and Low-Power Mode

The EN pin controls the MP5990’s on/off state.
When Vv exceeds its rising threshold, VDD33
is generated, regardless of the EN pin’s status.
The MP5990 provides regular power mode and
low-power mode (LPM). In regular power mode,
the PMBus interface, access to the non-volatile
memory (NVM), and control circuitries are all
live, even when EN is low. EN controls the
output of the ON pin, which turns the MOSFET
on and off. When EN is low, the quiescent
current (lon) is about 11mA in regular power
mode.

When LPM is enabled (ADVANCE_CTRL
(F1h), bit[12] = 1) and EN is low, most of the
control circuitries are disabled to reduce the
power consumption to 1.2mA. The PMBus
interface and NVM are still accessible when the
MP5990 is disabled. Connect EN to VDD33 for
automatic start-up via VIN.

MOSFET On/Off Control (ON)

The ON pin is an output signal that turns the
MOSFET on and off. In standalone operation,
the MP5990 drives ON above 2V to turn on the
power MOSFET. The MP5990 internally pulls
ON below 0.6V to turn it off.

In multi-phase applications, the ON pins of the
e-fuse slaves are connected to the MP5990’s
ON pin. Then the MP5990 works as a master to
control the system’s on/off sequence.

Soft Start (SS)

The MP5990 limits the inrush current with a
controlled output voltage (Vour) ramp-up slew
rate. The SS capacitor (Css) determines the
soft-start time (tss). When ON is pulled high and
the insertion delay time ends, a constant
current source proportional to Viy charges Css.
Vour rises at a similar slew rate to Vss. Css can
be calculated with Equation (1):

_ Oxtgg

SS
RSS
Where Rss is 0.8MQ.

For example, a 100nF capacitor sets tss to
8.9ms. If the load capacitance is extremely
large, the current required to maintain the
preset tss exceeds the start-up current limit. In
this scenario, the rising time is limited by the
load capacitor and the start-up current limit
(lumr_su). Float the SS pin to generate a fast
ramp-up voltage. A current source (12uA) pulls
up the MOSFET gate. The gate charge current
controls the Vour rising time. Meanwhile, tss is
about 1.5ms, which is the minimum soft-start
time.

C )

Start-Up Sequence

Figure 4 on page 20 shows the start-up
sequence in regular power mode.

t0 to t1: At t0, Vin rises immediately once the
MP5990 is hot plugged into a live backplane.
After Vin exceeds its UVLO threshold, VDD33
starts ramping up. At tl1, VDD33 reaches its
UVLO rising threshold. Once the VDD33 power
is ready, the GOK pin is high by default.

MP5990 Rev. 1.1
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t1 to t2: The power-on reset (POR) signal waits
for all power supplies to be stable. After POR,
the data in the multiple-time programmable
(MTP) memory starts loading into the operating
registers to initialize system configuration. After
MTP copying ends, the system initialization
delay (configured via DOh) starts. All analog-to-
digital converter (ADC) channels start except
for the ADDR channel. ON is low during this
stage to keep the MOSFET off.

t2 to t3: Once the system initialization delay
ends, the OCREF and SCREF_OCWREF pins
output their limit settings.

The PMBus address is set by detecting the
ADDR pin voltage. Once the ADDR sample is
obtained, the PMBus starts communication. If
the MP5990 is configured for LPM, the device
enters LPM once the system initialization delay
ends.

t3 to t4: At t3, EN asserts high. If OPERATION
(01h) is set to 0x80 (its default value) before t3,
TON_DELAY starts counting. TON_DELAY
does not start if an ON command is not

received.

t4 to t5: When the TON_DELAY time expires,
ON pulls high to initiate the power MOSFET
insertion delay time.

t5 to t6: At t5, the insertion delay time ends and
the gate current source starts to charge the
power MOSFET’s gate. Once the MOSFET’s
gate voltage exceeds the turn-on threshold, the
MP5990 starts to turn on the MOSFET with the
controlled Vour slew rate to limit the inrush
current.

t6 to t7: When the MP5990 detects that Vss
exceeds 340mV and ON is high, the output of
SCREF_OCWREF transitions from the SCP
limit (SCREF) to the over-current warning limit
(OCWREF). The SCREF and OCWREF levels
can be set via register OCW_SC_REF (C5h). If
Vour reaches the PG high threshold and the
PG/OCW pin is selected to be PG, then PG
asserts high.

t7 to t8: At t8, soft start ends. At this point, the
MOSFET is fully enhanced and can deliver
energy to the output.

Vin — VDD33 UVLO On
VDD33 |

'
POR I | _SCREF

|
|
|
|
SCREF/ 11

|
VDD18 , T
I<— |
OCWREF I" dystem Initialization, DOh
lerle——»
EN : L T

i |
MTP Copying, 0.2ms v}Ian EN On

ON

TON_DELAY

A,

OCREF

SS

GATE

VOUT

| | |
to t1 t2 t3

E-Fuse Insertion

Delay

t4 t5 t6 t7

Figure 4: Start-Up Sequence in Regular Power Mode
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Figure 5 shows the start-up sequence in LPM.
In LPM, ADVANCE_CTRL (F1h), bit[13] selects
whether the device should enter the optional
MTP copying mode or initiate the system

initialization delay time after EN pulls high. If
bit[13] is set to 0, then the MP5990 starts
TON_DELAY after EN goes high. This
sequence is different from regular power mode.

V, —/— VDD33 UVLO On
IN |
VDD33 .

VvDD18
SCREF/

| SCREF | |
OCWREF

OCWREF

EN

ON

|
|
MTP Copying + System :
|
|

OCREF

I

|

|

|

|

| POR +MTP Copying + |Wait EN On | | |
| System Initialization | | ITON_DELAY |
:,_L,: ' [ [
|

|

I

|

|

; [

|

GATE

|
T
[
|
T
|
|
|
|
T T
| |
[ [
| |
| |
SS ! !
| |
| |
| |
T T
| | |
| | |
| | |
| | |
[ [ |
| | |
] ] ]
[ [ |
| | |
| | |
[ [
| |
|

T
|
[
|
|
!
|
|
|
T
|
|
|
|
[
|
]
[
|
[
|
[

t0 t1 t2 t3

| A
E-Ause Insertio

| Delay

|

t4 t5 t6

Figure 5: Start-Up Sequence in Low-Power Mode

Current-Sense Output (CS)

The CS pin provides a current proportional to
lout flowing through the device. Vcs is used for
over-current (OC) limiting, OC warning
indication, and parallel operation with start-up
current balancing. The current-sense gain is
10pA/A while the MOSFET is fully on. A resistor
(Rcs) on the CS pin generates Vcs. lcs can be
estimated with Equation (2):

les= loyr X LOpA/A 2
Vcs can be calculated with Equation (3):
Vs = los ¥Res (3)

Once Vcs reaches Vocrer, the internal circuit
regulates Veare to maintain a constant Igger.

Output Current Monitor (IMON)

The MP5990 provides a high-accuracy
MOSFET current monitor output (IMON). The
current monitor gain is 10pA/A. Connect a
resistor (Rimon) between the IMON and GND
pins. The recommended IMON voltage (Vimon)
range is OV to 1.6V, which is also within the
internal ADC-sensing limit. IMON can be
estimated with Equation (4):

lvon = lour X LOPA/A (4)
Vimon can be calculated with Equation (5):
\/IMON = IIMON ><RIMON (5)

If there is no bandwidth requirement, place a
2.2nF to 100nF capacitor from IMON to GND to
smooth the indicator voltage.

MP5990 Rev. 1.1
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The MP5990 can operate in parallel with
multiple MP5991s or other devices for high-
current applications. The current-balance loop
balances the start-up current for each active
channel. Connect the IMON pins of all devices
together for current balancing. The sensed
current from each active IMON pin is summed,
then divided by the number of active channels.
The resulting average load current (l.oap)
provides a value for the total | oap.

Start-up current balancing is essential to
achieve the thermal advantages of parallel
operation. Current sharing/balancing can aid
power loss by dissipating the heat across the
devices and the large area.

The MP5991’s current balance is achieved by
comparing the sensed CS current (Ics) of each
device to the average current. This creates an
appropriate Vgate adjustment for each Intelli-
Fuse during start-up. The equivalent average
Rimon (R|MON_AVG) can be calculated with
Equation (6):

Rimon_ave = Res /' N (6)
Where N is the number of active devices.

Over-Current Limit Reference (OCREF)

The OCREF pin is a DAC output that sets the
over-current reference (Vocrer), Which can be
configured to be between 0V and 1.76V via
register OC_REF (C6h).

The MP5990’s lLoaD is limited by Vocrer and the
external current-sense resistor (Rcs). To
regulate Vgate, Vcs is compared to Vocrer
through an amplifier. This prevents the Intelli-
Fuse current from exceeding the current limit
set by VOoCREE.

To protect the MP5990 from overheating during
start-up, the OCREF pin has an internal clamp
voltage (Vocrer cLame) that depends on Vv and
Vour (see Figure 6). If Vour is below 80% of Vi,
then VOCREF_CLAMP is Vee (about 635mV with a
negative temperature coefficient). If Vour
exceeds 80% of VN, then VOCREF_CLAMP is
released to 2V.

-
-

t

Figure 6: OCREF Internal Clamp Voltage

If Vocrer iSs below VOCREF_cLAMP, the actual
current-limit reference voltage is determined by
Vocrer. If Vocrer exceeds Vocrer ciavpe, the
actual current-limit reference voltage is
determined by Vocrer cLamep.

Over-Current Protection (OCP)

The MP5990 provides two types of OCP: Vivon-
based total OCP and Vcs-based OCP on the
Intelli-Fuse.

In multi-phase applications, Intelli-Fuse OCP
can set the per-phase OCP limit. The total OCP
limit can set the system’s total OC limit.

The Intelli-Fuse over-current limit (Iumr) is a
function of the CS resistor (Rcs), current-sense
gain (Gcs), and Vocrer. lumir can be calculated
with Equation (7):
- VOCREF (7)
LIMIT G R
cs *Res

The MP5990’s current limit can exceed the
normal maximum load current, allowing for
tolerances in the current-sense value.

Intelli-Fuse OCP during Start-Up

If Vcs exceeds VocRer during SS, VGATE is
regulated to maintain a constant lget. If Vour is
below 1/8 of Vv and the MOSFET current is
regulated by Vocrer for 2.1ms, then the
MOSFET turns off as a faulty latch condition
and GOK is pulled low (see Figure 7 on page
23).

MP5990 Rev. 1.1
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VGS t

VOUT

|
|
|
GOK |
1

>
2.1ms t

Figure 7: Failed Start-Up with Output Hard Short

Intelli-Fuse OCP at Normal Operation

If Vour exceeds 80% of Vi, then the internal
clamp voltage (Vocrer cLavpe) is released to 2V
and Veare is close to the internal charge pump
voltage. Once SS finishes, the MP5990 begins
normal operation.

Once Vcs (configured via an external resistor)
exceeds Vocrer, the internal circuitry regulates
Veate t0 maintain a constant current on the
MOSFET. To limit loyr, the MOSFET’s gate-to-
source (GS) voltage (Vgs) is regulated from
3.3V to 1V. The response time is about 14ps.
lour may have a small overshoot during this
response time.

If lout exceeds the current limit (Iuwt), then the
internal fault timer (220us) starts. If lout drops
below Imit within the fault timer period, then the
device resumes normal operation. If lour
exceeds Iywr for 220us, then the MOSFET
latches off and GOK pulls low (see Figure 8).

A

GOK

lreT ‘
|1 _~GOK Detection Delay
|

~50us
ON H

ro
| 1.2V

!
VELT_TYPE 0.1V | 0.3V

.
-

t

Figure 8: Intelli-Fuse OCP Behavior

If an Intelli-Fuse OC fault occurs, FLT_TYPE
outputs 1.2V for about 50us to indicate an
OCP_FUSE fault. Then FLT_TYPE releases to
0.3V since ON is pulled low internally. The
MP5990 samples the FLT_TYPE voltage during

the 50us hold time, then stores the detailed
fault types to FAh, bits[2:0].

In latch-off mode, FLT_TYPE can be reset to
0.1V by cycling the power on VIN, VDD33, or
EN, or by sending an ON command. Then the
MOSFET turns on with soft start.

In hiccup mode, the MOSFET tries to soft start
automatically and GOK is released high after
the retry delay time ends. FLT_TYPE reset
back to 0.1V after the retry delay time expires.

Total OCP

The MP5990 senses the total output current
(Irro) through Vivon. The sensed ADC value is
converted into a direct lour. Rmon Can be
configured via IOUT_CAL_GAIN (38h) and
stored in the NVM. The sensed lour can be
used for lour reporting, OCW, and OCP. The
total phase number should be configured via
IOUT_GAIN_PHASE (4Dh) and stored in the
NVM.

The total over-current limit (lrre_umr) IS
configured via IOUT_OC_FAULT_LIMIT (46h),
and the total OC delay time (trr peiay) is
configured by register PRT_DELAY (E8h). Total
OCP can be configured for different protection
modes via RETRY_TIMES (F4h) and
PROTECT_CFG (E6h). These modes include
no action, latch-off, retry (1 time to 14 times),
and hiccup mode.

If the total current exceeds Irr_umit for the total
OCP fault timer, then the MP5990 pulls ON low
to turn off all the paralleled devices. Then GOK
pulls low to indicate that the fault event
occurred. Meanwhile, the PG and SS pins pull
low and the FLT_TYPE pin pulls to 0.3V (see
Figure 9).

A

Vour

PG

GOK

ON Total OCP Delay

A
"

I _umir

I

\J

Figure 9: Total OCP Behavior
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Short-Circuit Current Limit (SCREF)

If the load current increases rapidly due to a
short circuit, the current may exceed Iumr
before the hot-swap OC control loop can
respond. If the Intelli-Fuse current reaches the
short-circuit current limit (lum_sc), a fast turn-off
circuit in the Intelli-Fuse is enabled to turn the
MOSFET off. The total short-circuit response
time is about 200ns. If a short-circuit event
occurs, the ON and GOK pins pull low.

To determine Iuwr_sc, the MP5990 samples the
SCREF voltage during the insertion delay time
after ON exceeds its UVLO threshold (see
Figure 10). The short-circuit current limit is held
once the insertion delay time ends. Changing
the SCREF voltage after the insertion delay
time does not affect the short-circuit current. To
select a new short-circuit current limit, the user
must initiate the next insertion delay.

A/\’

o

—/ Sample the SCREF voltage and hold
SC limit during insertion delay

VDD33

SCREF /

Insertion Delay Time

ON -

SS

-
-

t

Figure 10: SCREF Samples and Holds the Short-
Circuit Limit

The MP5990 provides five short-circuit levels.
The level is selected by the SCREF voltage,
which can be configured via OCW_SC_REF
(C5h) and stored in the NVM. Table 1 shows
the short-circuit current limit at different SCREF
voltages.

Tablel: SCP Limit Selection Table

Vscrer (V) SCP Limit (A)
<0.16 40

0.24 to0 0.36 60

0.48t0 0.72 80

0.96 t0 1.44 120
>1.68 100

The MP5990 provides short-circuit protection
(SCP) to protect the part from a severe OC
events, such as an output hard short to ground.

If the MOSFET current exceeds lumit sc, the
MOSFET turns off immediately, and GOK and
SS pull low. FLT_TYPE indicates 1.5V for about
50us to indicate SCP has occurred, then the
ON pin is pulled low internally (see Figure 11).

A

GOK

200ns, !
i<

A lummsc
I:
|

|

FET |: |

I 1 ~50ps

T ——

T
ON GOK Detection Delay J¥E|
l

1.5V |

- + -—
VLT TvPE 0.1V 0.3V

\/

Figure 11: SCP Behavior

When a fault is cleared in latch-off mode,
FLT_TYPE can be reset to 0.1V by cycling the
power on VIN, VDD33, or EN, or by sending an
ON command. Then the power MOSFET turns
on with soft start.

In hiccup mode, the MOSFET tries to SS
automatically, and GOK pulls high after the
retry delay time ends. FLT_TYPE resets back
to 0.1V after the retry delay time expires.

Input Voltage Sensing (VINSEN)

The MP5990 senses Vv through the VINSEN
pin. A resistor divider is connected from VIN to
GND and tapped to VINSEN. Figure 12 shows
the V| sense connection.

VINSEN RIN_UP
MP5990

RIN_DN
> l

RO_UP

RO_DN

AGND

Figure 12: Vin and Vout Sensing

The recommended top resistance for VINSEN
is 75kQ, and the recommended bottom
resistance is 4.99kQ. Place a 10nF capacitor in
parallel with the bottom resistor.
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The sensed ADC value is converted into a
direct Viy value. The VINSEN divider ratio can
be configured via VIN_SCALE (E4h) and stored
in the NVM. The sensed V\y is used for Vi
reporting, P reporting, Ein reporting, power
MOSFET drain-to-source short detection, Vin
UVW alerts, and V\y OVP.

Output Voltage Sensing (VOSEN)

The MP5990 senses Vour through the VOSEN
pin. A resistor divider is connected from VOUT
to GND and tapped to VOSEN. Figure 12 on
page 24 shows the Vour sense connection. The
recommended top resistor for VOSEN is 75kQ,
and the bottom resistor is 4.99kQ. Place a 10nF
capacitor in parallel with the bottom resistor.

The sensed ADC value is converted into a
direct Vour value. The VOSEN divider ratio can
be configured via VOUT_SCALE_LOOP (29h)
and stored in the NVM. The sensed Vour is
used for Vour reporting, Pour reporting,
MOSFET drain-to-source short detection, and
PG indication.

Temperature Sensing (VTEMP)

The MP5990 senses the on-die temperature
and reports this value to the PMBus. When
VDD33 exceeds its UVLO threshold and the
MP5990 is in active mode, the VTEMP pin
outputs a voltage proportional to T;. The
VTEMP output voltage (Vrempe) is 8.7mV/°C with
a 152.5mV offset. Vtemp can be calculated with
Equation (8):

Vo= T, x8.7mV+152.5mV  (8)

For example, if T; is 100°C, then V+remp is about
1.022V. If Vtemp is OV, then T; is about -18°C.
The total temperature sense range is -18°C to
+140°C. When T; is below -18°C, VTEMP
remains at OV.

In multi-phase applications, the VTEMP pins of
each Intelli-Fuse can be connected to the
MP5990’s VTEMP pin (see Figure 13). VTEMP
indicates the highest T, of all the Intelli-Fuses.
The MP5990 senses the voltage on VTEMP
and reports the maximum temperature to the
PMBus. The sensed temperature is used for
system temperature monitoring, over-
temperature warning (OTW), and OTP. Place a
maximum 1nF capacitor and a minimum 10kQ
resistor on the VTEMP pin to filter noise.

; |VTEMP
i

« VTEMP
Rreme T Creme Intelli-Fuse
Intelli-Fuse Slave 1
Master
MP5990 AGND
VTEMP

Intelli-Fuse
Slave 2

Figure 13: Multi-Fuse Temperature-Sense in
Parallel Operation

Power Good (PG) Indicator

The PG/OCWH# pin can be configured to PG or
OCW# via ON_HICCUP_DLY (C7h), bit[13].
When this pin is set as PG, PG stays low until
all of the following conditions are met:

e The ON pin is high
] Vss > 340mV

e Vour > the PG rising threshold, which is
configured via POWER_GOOD_ON (5Eh)

e No DS short event is occurring
PG pulls low if any of the following events occur:

e Shutdown events: EN turns off, Vin UVLO,
VDD33 UVLO, or an off command is
received

e Fault events: DS short, total OCP, V\y OVP,
OTP, or GOK fault (slave fault). If any of the
above fault events are detected, PG de-
asserts low immediately

e Vour < PG falling threshold, which is
configured via POWER_GOOD_OFF (5Fh)

e Vss < 340mV, which is enabled when
EFUSE_CFG (C4h), bit[11] is setto 1

GOK Report

The GOK pin is an open drain with an internal,
weak pull-up, active-low signal that reports
Intelli-Fuse faults. If a fault occurs, GOK pulls
low.

Pull GOK up to the VDD33 via a 10kQ to 100kQ
resistor. During start-up, the GOK voltage (Vo)
rises according to Vppss.

In multi-phase applications, the GOK pins of
each Intelli-Fuse are connected together. The
MP5990 provides a comparator on the GOK pin

MP5990 Rev. 1.1
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for control during parallel operation. If the GOK
voltage is below 1.5V, the MP5990 registers a
system fault and pulls ON low to turn off all
paralleled devices. If any of the paralleled
devices has fault event, the system shuts down.

D_OC and OCW# Reporting

The MP5990 provides two OCW indicators:
D_OC and OCWH#.

The D_OC pin is an open-drain, active-low
output that reports an OCW condition when
Vour 2 90% of Vin. If Vcs exceeds the OCWREF
voltage (Vocwrer), D_OC is driven low. Once
Vcs drops below Vocwrer (the typical hysteresis
voltage is 25mV), D_OC is released high again.
Pull D_OC up to the VYDD33 pin via a 10kQ to
100kQ resistor.

If PG/IOCWH# is set as OCW# and It exceeds
the total OCW threshold, then OCW# pulls low
immediately to indicate a total OCW event.
Once I drops below the total OCW threshold,
OCWH# is released high again. The total OCW
limit can be configured via
IOUT_OC_WARN_LIMIT (4Ah).

VIN_UVW# Reporting

The VIN_UVW# pin is an open-drain, active-low
output. Once Vv drops below the Vv under-
voltage warning (UVW) threshold, VIN_UVW#
pulls low immediately. When V) rises above the
Vin UVW threshold, VIN_UVWH# is released high
again. The Vi UVW threshold can be
configured via VIN_UV_WARN_LIMIT (58h).

Pull VIN_UVW# up to the VDD33 voltage via a
10kQ to 100kQ resistor.

Fault Type Indication (FLT_TYPE)

The MP5990 reports the fault type via the
FLT_TYPE pin’s voltage. Table 3 shows the
FLT_TYPE voltage (Ve 71vee) for each fault
condition.

Table 2: Fault Type Indication

In multi-phase applications, the FLT_TYPE pin
of each Intelli-Fuse can be connected to the
MP5990’s FLT_TYPE pin to indicate the most
serious fault event in the system. The voltage
indicates the associated value when the fault is
real and the MOSFET has turned off. For
example, if Intelli-Fuse OCP occurs, FLT_TYPE
outputs 1.2V when the 220us hold time ends
and the MOSFET starts to turn off. If multiple
faults occur simultaneously, the higher voltage
has higher priority. For example, if an Intelli-
Fuse OCP and OTP (absolute 145°C limit is
triggered) fault occur simultaneously,
FLT_TYPE is set to 1.2V. Figure 14 shows
FLY_TYPE indication based on Table 2.

Fault Occurs

GOK

GOK Detection Delay
ENE Sample FLT_TYPE voltage

and store to FAh

ON ~50us

Depends|On the Fault Events

VELT_TYPE 0.1V 0.3V

\

Figure 14: FLT_TYPE Indication

If any of the fault events listed in Table 2 occur,
GOK pulls low immediately and the FLT_TYPE
pin outputs the corresponding voltage (see
Figure 14). The ON pin pulls low after a delay
time, which includes the GOK detection delay
time (Ous to 15us, as set by register E8h) plus a
50us sample delay time. The FLT_TYPE pin
voltage is sampled and stored to the register
FAh. Once the delay time ends, the FLT_TYPE
pin voltage is released to 0.3V.

If a fault not mentioned in Table 2 occurs (e.g.
total OCP or Vremp-sensed OTP), then the GOK,
ON and SS pins pull low immediately, and
FLT _TYPE indicates 0.3V (see Figure 15 on
page 27).

If CFG_EXT (F5h), bit[5] is set to 1, the
Fault Type \Y — ' !
SCPyp = MP5990 does not sample the FLT TYPE
Intelli-Fuse OCP 12V voltage when the faults not listed in Table 2
OTP (absolute 145°C limit), 0.9V oceur.
Vin OVP (absolute 18.5V limit) '
DS/GS/GD short 0.6V
GOK fault 0.3V
No fault 0.1V
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Fault occurs here

GOK

Sample FLT_TYPE voltage

ON ~50us /

0.3V

VFLT_TYPE 0.1V

o

t
Figure 15: FLT_TYPE Indication of Other Faults
Do not connect a resistor from the FLT_TYPE

pin to GND. Never short the FLT_TYPE pin to
ground.

Additional Protections

The MP5990 provides additional protections,
described below.

Over-Temperature Protection (OTP)

The MP5990 provides three types of OTP:
MOSFET (Intelli-Fuse) on-die temperature
protection, controller on-die temperature
protection, and Vtemp-sensed OTP.

The MP5990 senses T; internally on the
MOSFET. If T, exceeds the 145°C threshold,
the MOSFET turns off, and GOK and SS pull
low. If there is no higher-priority fault,
FLT _TYPE outputs 0.9V for about 50us to
indicate an OT fault, then ON is pulled low
internally.

The MP5990 senses the MOSFET temperature
via the VTEMP pin. The ADC-sensed value is
converted into a direct temperature for the
MOSFET. If the sensed temperature exceeds
the OT threshold, the MP5990 pulls ON low to
turn off the MOSFET. Meanwhile, GOK and SS
are pulled low immediately. The Vriewp-sensed
OT threshold can be configured Vvia
OT_FAULT_LIMIT (4Fh). The protection mode
can be set via RETRY_TIMES (F4h).

If the temperature drops below the falling
threshold in latch-off mode, the MOSFET does
not turn on again and soft start is not initiated
until power is cycled on VIN, VDD33, or EN, or
an ON command is received.

In hiccup mode, the retry delay time initiates
when T; falls below the falling threshold. Once
the retry delay time expires, the MOSFET tries
to soft start automatically and GOK is released
high. The retry delay time can be configured via
ON_HICCUP_DELAY (C7h). FLT_TYPE resets

back to 0.1V after the retry delay time expires.

The MP5990 also monitors the controller's on-
die temperature. Once the on-die temperature
exceeds 165°C, the MOSFET turns off
immediately. Controller on-die OTP provides
latch-off and hiccup mode.

Vin Over-Voltage Protection (Vi OVP)

The MP5990 monitors Vin via the VINSEN pin.
The Vv over-voltage (OV) rising threshold can
be configured via VIN_OV_FAULT_LIMIT (55h).
If Vin exceeds the OV rising threshold, the ON,
GOK, and SS pins are pulled low immediately.

The MP5990 has an absolute 18.5V input OVP
limit, which works when VIN_OV_FAULT_LIMIT
(55h) is set above 18.5V. If Vv exceeds 18.5V
and there is no other high-priority fault, the
MOSFET turns off and FLT_TYPE indicates
0.9V for 50ps to indicate an OV event.

If the 18.5V V\y OVP is triggered in latch-off
mode, once V\y drops below its falling threshold
(17.3V), there are a few methods to reset
FLT_TYPE to 0.1V and turn on the MOSFET
with a soft start:

e Poweris cycled on VIN, VDD33, or EN
¢ An ON command is received

If the 18.5V Vin OVP is triggered in hiccup
mode, then the retry delay time initiates when
VIN falls below 17.3V. Once the retry delay time
expires, the MOSFET tries to soft start
automatically and GOK is released high.
FLT_TYPE resets to 0.1V after the retry delay
time expires.

Damaged Intelli-Fuse MOSFET Detection

The MP5990 can detect a shorted power
MOSFET during start-up. Once VDD33
exceeds 2.7V and ON exceeds 1.4V, the
MP5990 recognizes the condition that Vour
exceeds 90% of Vv before the insertion delay
finishes as a shorted MOSFET. If Vour exceeds
90% of Vi during start-up, GOK pulls low and
FLT_TYPE indicates 0.6V for 50us to indicate a
DS/GS/GD fault.

If Vour drops below 70% of Vin, the MOSFET
does not turn on again and soft start is not
initiated until power is cycled on VIN, VDD33, or
EN, or an ON command is received.

MP5990 Rev. 1.1
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Power MOSFET Not Fully On

After the MP5990 is enabled and Vour begins
ramping, the device recognizes a MOSFET not
fully on fault event if all of the following
conditions are met:

e Vss>VDD33-0.7V

e Vgs<Vcp-0.7V

¢ No OC event has occurred

¢ No SC event has occurred

When these conditions are met, this indicates
that the MOSFET is not fully on. The MP5990
stops regulating the gate voltage and turns off
the MOSFET after a 250ms delay. Meanwhile,
GOK and SS pull low (see Figure 16).
FLT_TYPE indicates 0.6V for 50us to indicate a

DS/GS/GD fault. Then FLT_TYPE is released
to 0.3V.

/\p\/ S ————————— e
Vin our /

~ MP5990 UVLO
VDD33

1av gy
7

ON Vss_ciawe 1

Ss

GOK

T e

t
Insertion Delay 250ms

Figure 16: Power MOSFET Not Fully On Fault in
Latch-Off Mode

In latch-off mode, the MOSFET does not turn
on again and soft start is not initiated until
power is cycled on VIN, VDD33, or EN, or an
ON command is received.

In hiccup mode, the MOSFET tries to soft start
automatically and GOK pulls high after a retry
delay time.

Maximum SS Fault

The MP5990 detects the voltage of SS pin (Vss)
to check whether the MOSFET is fully
enhanced. The maximum SS timer starts
counting when ON exceeds its rising threshold.
If Vss is below 340mV when the maximum SS
timer finishes, then ON, GOK, and SS pull low.
The maximum SS fault protection mode can be
configured to latch-off or hiccup mode via
EFUSE_CFG (C4h), bit[13]. The maximum SS

fault timer can be configured via
MAX_SS TIMER (C7h). The maximum fault
timer is 600ms.

GOK Fault

A comparator on the GOK pin controls parallel
operation. If the GOK voltage is below 1.5V,
FLT _TYPE indicates 0.3V. Then the MP5990
registers a system fault and turns off the
MOSFET with a 50us delay time.

The GOK fault can be configured to latch-off or
hiccup mode via RETRY_TIMES (F4h).

In latch-off mode, the MOSFET does not turn
on again and soft start is not initiated until
power is cycled on VIN, VDD33, or EN, or an
ON command is received.

In hiccup mode, the MOSFET tries to soft start
automatically and GOK pulls high after a retry
delay time.

For standalone operation, GOK has an internal
370kQ pull-up resistor to avoid falsely triggering
a GOK fault when there is no external pull-up
resistor.

Under-Voltage Lockout (UVLO) Protection

The MP5990 has two Vin UVLO protections.
The first is an absolute Vi UVLO protection,
with a fixed 3.2V rising threshold and 2.9V
falling threshold. The second is a PMBus-
configurable Viy UVLO. The rising and falling
thresholds can be configured via VIN_ON (35h)
and VIN_OFF (36h). The PMBus-configurable
Vin UVLO protection can be disabled via
VIN_PROTECT_EN (E6h), bit[0].  The
protection mode can be configured via
EFUSE_CFG (C4h), bit[7].

The MP5990 can start up only when both
VDD33 and Vv exceed their respective UVLO
rising thresholds. The actual Vv UVLO rising
threshold that the MP5990 responds to is the
larger value between VIN_ON (35h) and 3.2V.

The MP5990 shuts down when either the
VDD33 drops below its UVLO falling threshold
(typically 2.3V) or Vi drops below its UVLO
falling threshold.
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The actual Vv UVLO falling threshold that the
MP5990 responds to is the larger value
between VIN_OFF (36h) and 2.9V.

These UVLO protections cannot be set to latch-
off mode.

Input and Output Transient Protection

The hot-swap system experiences positive
transients on the input during a hot plug or rapid
turn-off with a high current due to parasitic
inductance in the input circuit. For input
transient protection, place a transient voltage
suppressor (TVS) diode 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 Vour more negative, the MOSFET may
not turn off properly. Place an output voltage
clamp diode on the output to limit negative
transients. It is recommended to use a Schottky
diode with a low forward voltage.

Parallel Operation

The MP5990 can be used in parallel operation
with the Intelli-Fuse (MP5991) to support higher
currents with a maximum 20-phase limit. The
MP5990 works as a master to control the
system’s start-up/shutdown sequences.

The following connections are required for
multiple fuses in parallel operation (see the
Typical Application section on page 3 for more
details):

1. Connect the VIN pins to the same input bus.

2. Connect the VOUT pins to the same output
bus.

3. Tie the ON pins together for start-up
sequence control.

4. Tie the SS pins together for soft start
sequence control.

5. Tie the GOK pins together for system fault
control.

6. Design the CS resistor (Rcs) with the same
resistance for each phase.

7. Tie the IMON pins together and design the
total system IMON resistor (Riwon) @s Rcs /
N, where N is the phase count. This helps to
achieve soft start current balance control.

Tie the OCREF pins together.

Connect a 120kQ resistor to each MODE
pin.
10. Tie the VTEMP pins together so that

VTEMP always reports the highest T, of all
phases.

11. When applicable, connect all the FLT_TYPE
pins together to indicate the most serious
fault event in the system.
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PMBUS/I’C COMMUNICATION

General Description

The power management bus (PMBus) is an
open-standard power management protocol
that defines a means of communicating with
power conversion and other devices. It is a two-
wire, bidirectional serial interface, consisting of
a data line (SDA) and a clock line (SCL). The
lines are externally pulled to a bus voltage
when they are idle. Connecting to the line, a
master device generates the SCL signal and
device  address, then arranges the
communication sequence. This is based on the
I°C operation principles.

The MP5990 supports 100kHz, 400kHz, and
1MHz bus timing requirements. The timing and
electrical characteristics of the PMBus can be
found in the Electrical Characteristics section
on page 11 or in the PMBus Power System
Management Protocol Specification, part 1,
revision 1.3, available at http://PMBus.org.

PMBus/I’C Address

To support multiple devices using the same
PMBus/I?’C interface, the MP5990 provides a

configurable PMBus address via the ADDR pin
or register ADDR_PMBUS (D2h).

The device address is a 7-bit code that ranges
between 0x00 and Ox7F. The 3MSB (most
significant bits) are set by D2h, bits[6:4]. The
4L SB (least significant bits) can be set by either
D2h or the ADDR pin.

The device’s 4LSB address configuration mode
can be selected by D2h, bit[7]. When bit[7] = 1,
the 4LSB are determined by the lower 4 bits in
D2h. When bit[7] = 0, the ADDR voltage
determines the 4LSB.

The ADDR voltage is configured by the resistor
divider from VDD18 to GND. Figure 19 on page
31 shows the recommended connections for
the pin. Table 3 shows the resistor values for
the different device address.

The address 00h is reserved as the all call
address. Do not set 00h as the MP5990’s
unique device address.

Table 3: PMBus 4LSB Address Setting from ADDR

PMBus Address ADDR Rropr (kQ) Reot (kQ)
Bits[3:0] Voltage (V) 1% 1%

Oh 0 - 0

lh 0.031 3.32 0.059
2h 0.057 3.32 0.11
3h 0.084 3.32 0.162
4h 0.116 3.32 0.226
5h 0.156 3.32 0.316
6h 0.205 3.32 0.43
7h 0.266 3.32 0.576
8h 0.340 3.32 0.768
9h 0.430 3.32 1.05
Ah 0.540 3.32 1.43
Bh 0.675 3.32 2

Ch 0.844 3.32 2.94
Dh 1.048 3.32 4.64
Eh 1.301 3.32 8.66
Fh 1.500 3.32 16.5

MP5990 Rev. 1.1
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VvDD18
MP5990
ADDR Rrop
<-——ADC
Reortom
AGND

Figure 19: Recommended Circuit Design for
PMBus Address Pin Set

PMBus Communication Failure

A data transmission fault occurs when data is
not properly transferred between devices.
There are several data transmission faults,
listed below.

e Sending too little data

e Reading too little data

e The host sends too many bytes

¢ Reading too many bytes

e Improperly set read bit in the address byte
e Unsupported command code

The communication failure is recorded into
STATUS_CML (7Eh). The CLEAR_FAULTS
(03h) command can clear the fault record.

1) | S | Slave Address | Wr Command Code P |

PMBus/I?C Transmission Structure

The MP5990 supports 5 kinds of transmission
structures with or without packet error checking
(PEC):

1. Send command only
Write byte
Write word
Read byte
Read word

The MP5990 supports the PEC mechanism,
which can improve reliability and make
communication more robust. The PEC is a
CRC-8 error checking byte, calculated on all the
message bytes (including addresses and
read/write bits). The MP5990 only processes
the message if the PEC is correct. If the PEC
byte sent to the MP5990 is incorrect, then 7Eh,
bit[5] is set and latched. The ALT# pin does not
indicate low when the PEC byte is incorrect.

The PEC is calculated in CRC-8, calculated
with the polynomial in Equation (8):

a ks

C(x)=x®+x>+x"+1 (8)

Figure 20 shows the supported PMBus/I°C
transmission structure without PEC.

Figure 21 on page 32 shows the supported
PMBus/I?C transmission structure with PEC.

To read or write to the MP5990’s registers, the
PMBus/I°’C command must be compliant with
the byte number of the registers in the register
map.

2) | S | Slave Address | Wr Command Code Data Byte

[a]r]

3) | S | Slave Address | Wr Command Code Data Byte Low Data Byte High P |

4) | S | Slave Address | Wr Command Code S | Slave Address | Rd | A | Data Byte | NA | P |

5) | S | Slave Address | Wr Command Code S | Slave Address | Rd | A | Data Byte Low | A | Data Byte High | NA| P |

S = Start [] Masterto Slave
P = Stop [] slave to Master

A = Acknowledge
NA = Not Acknowledge

Wr = Write (Bit Value = 0)
Rd = Read (Bit Value = 1)

Figure 20: Supported PMBus/I°C Transmission Structure without PEC

MP5990 Rev. 1.1
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1) | s | Slave Address |Wr Command Code PEC Byte P |

2) [s] slave Address | wr Command Code Data Byte PEC Byte P

3) |s] slave Address | wr Command Code Data Byte Low Data Byte High PEC Byte P

4) || slave Address | wr Command Code s | slave Address [Rd [A| DataByte |A| PECByte [NA[P]

ol

) | S | Slave Address | Wr Command Code S | Slave Address | Rd | A | Data Byte Low | A | Data Byte High | A I

[ PEcByte [nNA|P]

S = Start

P = Stop

A = Acknowledge

NA = Not Acknowledge

[] Master to Slave
[J slave to Master
Wr = Write (Bit Value = 0)
Rd = Read (Bit Value = 1)

Figure 21: Supported PMBus/I?’C Transmission Structure with PEC

PMBus Reporting and Status Monitoring

Table 4: PMBus-Monitored Parameters

The MP5990 supports real-time monitoring of Parameter Resolution Register
the e-fuse operation parameters and statuses Input energy 1J/LSB 86h
via the PMBus interface. Vin 31.25mV/LSB 88h
Table 4 lists the monitored parameters. Vour 31.25mV/LSB 8Bh
lout 62.5mA/LSB 8Ch
Temperature 1°C/LSB 8Dh
Pout 1W/LSB 96h
Pin 1W/LSB 97h

PG - 79h, bit[11]

Total OC fault - ?9821 tz)l;{t[[47]]

Total OC warning - 7Bh, bit[5]

OP warning - 7Bh, bit[0]

OT fault - 7Dh, bit[7]

OT warning - 7Dh, bit[6]

79h, bit[3];

Vin UVLO ] 7Ch, bit[[4]]

Vin UV warning - 7Ch, bit[5]

Vin OVP - 7Ch, bit[7]

Slave fault - 79h, bit[9]
CML fault - 7Eh

MP5990 Rev. 1.1
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SUPPORTED PMBUS COMMAND LIST

Default Value for the 4-Digit
Command Name Code Type Bytes «.0000” Code 9
OPERATION 01h R/W 1 80h
CLEAR_FAULT 03h Send byte 0 -
CLEAR_LAST_FAULT 08h Send byte 0 -
LAST_FAULT _RESTORE 0Ch Send byte 0 -
POWER_CYCLE OFh Send byte 0 -
WRITE_PROTECTION 10h R/W 1 00h
STORE_ALL 15h Send byte 0 -
RESTORE_ALL 16h Send byte 0 -
CAPABILITY 19h R 1 DOh
VOUT_SCALE_LOOP 29h RIW 2 0140h
VIN_ON 35h R/W 2 0023h
VIN_OFF 36h R/W 2 0020h
IOUT_CAL_GAIN 38h R/W 2 0280h
IOUT_CAL_OFFSET 39h R/W 2 0000h
IOUT_OC_FAULT_LIMIT 46h R/W 2 0037h
IOUT_OC_WARN_LIMIT 4Ah RIW 2 0034h
IOUT_GAIN_PHASE 4Dh R/W 2 0002h
OT_FAULT_LIMIT 4Fh R/W 2 007Dh
OT_WARN_LIMIT 51h R/W 2 006Eh
VIN_OV_FAULT_LIMIT 55h R/W 2 0048h
VIN_OV_WARN_LIMIT 57h R/W 2 0044h
VIN_UV_WARN_LIMIT 58h R/IW 2 0022h
POWER_GOOD_ON 5Eh R/W 2 0080h
POWER_GOOD_OFF 5Fh R/W 2 0070h
TON_DELAY 60h R/W 2 0064h
TOFF_DELAY 64h R/W 2 0000h
OP_WARN_LIMIT 6Ah R/W 2 00A1lh
STATUS_BYTE 78h R 1 0
STATUS _WORD 79h R 2 0
STATUS I10UT 7Bh R 1 0
STATUS_INPUT 7Ch R 1 0
STATUS TEMPERATURE 7Dh R 1 0
STATUS CML 7Eh R 1 0
REV_ID 80h R 1 0
READ_EIN 86h R 6 0
READ_VIN 88h R 2 0
READ_VOUT 8Bh R 2 0
READ_IOUT 8Ch R 2 0
READ _TEMPERATURE 8Dh R 2 0
READ_POUT 96h R 2 0

MP5990 Rev. 1.1
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SUPPORTED PMBUS COMMAND LIST (continued)

Default Value for the 4-Digit
Command Name Code Type Bytes «.0000” Code 9
READ_PIN 97h R 2 0
PMBUS_REV_CONST 98h R 1 33h
VENDOR_ID 99h R 3 4D5053h
PRODUCT_ID 9Ah R 6 4D5035393930h
REV_CONST 9Bh R 1 0
READ_VIN_PEAK Alh R 2 0
READ_PIN_PEAK A3h R 2 0
READ_VOUT_PEAK A5h R 2 0
READ_IOUT_PEAK A6h R 2 0
READ_TEMP_PEAK AFh R 2 0
CONFIG_ID COh R/W 2 0000h
CONFIG_CODE_REV Cih R/W 2 0002h
PRODUCT_REV_USER C2h R/W 2 0000h
REV_CONST_CFG C3h RIW 1 00h
EFUSE_CFG C4h R/W 2 6888h
OCW_SC_REF C5h RIW 2 OFE5h
OC_REF Cé6h R/W 1 2Bh
ON_HICCUP_DLY C7h R/W 2 1019h
SYS_INITIAL_DELAY DOh R/W 2 0005h
ADDR_PMBUS D2h R/W 2 0040h
VIN_CFG E3h R/W 2 0000h
VIN_SCALE E4h R/W 2 0140h
TEMP_TUNE E5h R/W 2 CF5Ch
PROTECT_CFG E6h R/W 2 55EBh
VIN_PROTECT_LEVEL E7h R/W 2 00AOh
PRT_DELAY E8h R/W 2 5555h
SMBALERT_MASK E9h R/W 2 8000h
LEVEL_SEL EBh R/W 2 0401h
ADVANCE_CTRL Fih R/W 2 0D60h
RETRY_TIMES Fah R/W 2 0000h
CFG_EXT F5h R/W 2 0000h
CHECK_SUM_FUNC F8h R 2 0
FAULT_RECORD FAh R 2 0
FAULT_RECORD_LAST FBh R 2 0
CLEAR_MTP_FAULT FEh Send byte 0 -
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meSs

REGISTER MAP
OPERATION (01h)

The OPERATION command controls the power MOSFET, which provides another way to control the
hot-swap on/off function via the PMBus. This command can turn the power MOSFET on and off under
host control and re-enable the power MOSFET after a fault-triggered shutdown.

Command OPERATION
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function | X X X X X X X
Bits Bit Name Description
1’'b0: Turn off the power MOSFET
! ON_OFF_STATE 1’b1: Turn on the power MOSFET
6:0 RESERVED Always write into 6’b 00 0000.

CLEAR_FAULT (03h)

The CLEAR_FAULT command clears all the status faults of the read-only STATUS registers
(78h~7Eh). This command is write-only. There is no byte for this command.

CLEAR_LAST_FAULT (08h)

The CLEAR_LAST_ FAULT command clears the last fault stored in NVM, and can clear the last faults
stored in FBh (this function is optional). The information stored in FBh is cleared if F5h, bit[6] is set to 1.
This command is write-only. There is no byte for this command.

LAST_FAULT_RESTORE (0Ch)

The LAST_FAULT_RESTORE command restores the latest fault information in the NVM to register
FBh. This command is write-only. There is no byte for this command.

POWER_CYCLE (OFh)

The POWER_CYCLE command turns the power MOSFET off for approximately 5 seconds. Then the
power MOSFET restarts automatically. This command is write-only. There is no byte for this command.
WRITE_PROTECTION (10h)

The WRITE_PROTECTION command controls writing to the PMBus device. This provides protection
against accidental changes. This command is not intended to provide protection against deliberate
changes to a device’s configuration or operation. All supported commands can have their parameters
read, regardless of the WRITE_PROTECTION settings.

Command | WRITE_PROTECTION
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function WRITE_PROTECTION
Bits Bit Name Description
8’b0000 0000: Enable writes to all commands
8'b01x0 0000: Disable all writes except to the PAGE, OPERATION,
7:0 WRITE_PROTECTION WRITE_PROTECTION

8’1000 0000: Disable all writes except to the WRITE_PROTECTION commands
Others: No action. Keep the previous setting
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STORE_ALL (15h)

The STORE_ALL command stores all registers to the NVM. It can be configured by F5h, bit[3] to select
whether to store the fault information from FAh to the NVM after sending a 15h command. If F5h, bit[3]
is set to 0, all registers are stored to the NVM, including FAh. If F5h, bit[3] is set to 1, all registers
besides FAh are stored to the NVM. This command is write-only. There is no byte for this command.

RESTORE_ALL (16h)

The RESTORE_ALL command restores all registers from the NVM. This command is write-only. There
is no byte for this command.

CAPABILITY (19h)

The CAPABILITY command provides 1 byte to return the key capabilities that the PMBus device can
support. The MP5990 always return 0xDO.

Command | CAPABILITY
Format | Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R R R R R R
Function MAX_BUS_SPEED X X
Bits Bit Name Description
7 PEC_SUPPORT 1’b1: Packet error checking (PEC) is supported
6:5 MAX_BUS_SPEED 2’b10: The maximum supported bus speed is 1IMHz
4 SMBALERT SUPPORT ;;grlt:rl;o(rj]g\éi%?o?:fg‘l have an SMBALERT# pin and does support the SMBus
3 NUMERIC_FORMAT 1'b0: Numeric data is in Linearl1, ULinear16, SLinear16, or direct format
2 AVSBUS_SUPPORT 1’b0: The AVSBuUSs is not supported
1.0 RESERVED 1’bx: Reserved

VOUT_SCALE_LOOP (29h)
The VOUT_SCALE_LOOP command sets the Vour divider ratio (see Figure 22).

Vour
MP5990
Rrop
ADC VOSEN
Reor
AGND

Figure 22: Output Voltage Sense Circuit Design

Command VOUT_SCALE_LOOP
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function X X X X X VOUT_SCALE_LOOP
Bits Bit Name Description
15:11 RESERVED Unused. X indicates writes are ignored and reads are always 0.
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Sets VOUT_SCALE_LOOP, calculated with the following equation:

10:0 VOUT_SCALE_LOOP
VOUT_SCALE_LOOP =5120 x Reot / (Rtop + RBoT).
VIN_ON (35h)
The VIN_ON command sets the V\y under-voltage lockout (UVLO) rising threshold.
Command | VIN_ON
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function X X X X X X X X X VIN_ON
Bits Bit Name Description
15:7 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the Vin UVLO rising threshold, calculated with the following equation:
Rising threshold = (VIN_ON + 1) x Resolution.

Where VIN_ON is bits[6:0] of this command, and Resolution is determined by
6:0 VIN_ON C4h, bit[6] and E7h, bit[7].

500mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 0; supports up to 64V
250mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 1; supports up to 32V
125mV/LSB when C4h, bit[6] = 1; supports up to 16V

VIN_OFF (36h)
The VIN_OFF command sets the Vv under-voltage lockout (UVLO) falling threshold.

Command | VIN_OFF
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X X X VIN_OFF

Bits Bit Name Description

15:7 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the Vin UVLO falling threshold, calculated with the following equation:
Falling threshold = VIN_OFF x Resolution

Where the VIN_OFF is bits[6:0] of this command and Resolution is determined
6:0 VIN_OFF by C4h, bit[6] and E7h, bit[7].

500mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = O; supports up to 64V
250mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 1; supports up to 32V
125mV/LSB when C4h, bit[6] = 1; supports up to 16V

IOUT_CAL_GAIN (38h)

The IOUT_CAL_GAIN command sets the lout report gain. The reported lour is returned via PMBus
command READ_IOUT (8Ch).

Command IOUT_CAL_GAIN
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W RW
Function I X X X X X IOUT_CAL_GAIN
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Bits Bit Name Description

15:11 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the lout calculation gain, calculated with the following equation:

10:0 IOUT_CAL_GAIN IOUT_CAL_GAIN = 12.8 / (Gimon X Rimon X N),
Where Givon is 10pA/A, Rivon is the equivalent resistor of the IMON pin, and N is
phase count in parallel operation.

IOUT_CAL_OFFSET (39h)

The IOUT_CAL_OFFSET sets any offsets in the lout sense circuit. Typically, this command is used with
IOUT_CAL_GAIN (38h) to minimize the current-sense circuit error.

Command IOUT_CAL_OFFSET
Format Two’s complement
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X IOUT_CAL_OFFSET

Bits Bit Name Description

15:9 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the lout calculation offset. It is in two’s complement format. Bit[8] is the
signed bit. The current list below shows the binary data and the real-world
current values.

8’b 0000 0000: 0
8:0 IOUT_CAL_OFFSET 8'b 0000 0001: (+1 x 0.0625) A
8b 0111 1111: (+127 x 0.0625) A
8'b 1000 0000: (-128 x 0.0625) A
8'b 1000 0001: (-127 x 0.0625) A
8'b 1111 1111: (-1 x 0.0625) A

IOUT_OC_FAULT_LIMIT (46h)

The IOUT_OC_FAULT_LIMIT command sets the limit for the Viwon-based total over-current protection
(OCP).

Command IOUT_OC_FAULT_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W RW
Function | X X X X X X IOUT_OC_FAULT LIMIT

Bits Bit Name Description

15:10 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

9:0 IOUT_OC_FAULT_LIMIT Sets the limit for the Vimon-based total OCP. 1A/LSB.

IOUT_OC_WARN_LIMIT (4Ah)
The IOUT_OC_WARN_LIMIT command sets the warning limit for the Vimon-based total OCP.

Command IOUT_OC_WARN_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function I X X X X X X IOUT_OC_WARN_LIMIT
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Bits Bit Name Description
15:10 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
9:0 IOUT_OC_WARN_LIMIT  Sets the warning limit for Vimon-based total OCP. 1A/LSB.

IOUT_GAIN_PHASE (4Dh)
The IOUT_GAIN_PHASE command sets the paralleled phase count.

Command IOUT_GAIN_PHASE
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X IOUT_GAIN_PHASE

Bits Bit Name Description

15:10 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the e-fuse phase count for the lour PMBus report, calculated with the
following equation:
9:0 IOUT_GAIN_PHASE IOUT_GAIN_PHASE =2 x N

Where N is the e-fuse phase count.

OT_FAULT_LIMIT (4Fh)
The OT_FAULT_LIMIT command sets the over-temperature (OT) fault limit for a Vremp-based OT fault.

Command OT_FAULT_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X X OT_FAULT_LIMIT

Bits Bit Name Description

15:8 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

7:0 OT_FAULT_LIMIT Sets the OT fault limit for a Vremp-based OT fault. 1°C/LSB.

OT_WARN_LIMIT (51h)
The OT_WARN_LIMIT command sets the warning limit for a Vtemp-based over-temperature (OT) fault.

Command | OT_WARN_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function X X X X X X X X OT_WARN_LIMIT
Bits Bit Name Description
15:8 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
7:0 OT_WARN_LIMIT Sets the OT warning limit for a Vtemp-based OT fault. 1°C/LSB.
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VIN_OV_FAULT_LIMIT (55h)
The VIN_OV_FAULT_LIMIT command sets the Vv over-voltage (OV) fault limit.

Command VIN_OV_FAULT_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function | X X X X X X X X X VIN_OV_FAULT_LIMIT

Bits Bit Name Description

15:7 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the Vin OV fault threshold, calculated with the following equation:
Vin OV threshold = VIN_OV_FAULT_LIMIT x Resolution

] Where VIN_OV_FAULT_LIMIT is bits[6:0] of this command and Resolution is
6:0 VIN_OV_FAULT_LIMIT " getermined by C4h, bit[6] and E7h, bit[7].

500mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = O; supports up to 64V

250mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 1; supports up to 32V

125mV/LSB when C4h, bit[6] = 1; supports up to 16V
VIN_OV_WARN_LIMIT (57h)

The VIN_OV_WARN_LIMIT command sets the V\y over-voltage (OV) warning limit.

Command VIN_OV_WARN_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function X X X X X X X X X VIN_OV_WARN_LIMIT

Bits Bit Name Description

15:7 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Set the Vin OV warning threshold, calculated with the following equation:
Vin OV warning = VIN_OV_WARN_LIMIT x Resolution.

Where VIN_OV_WARN_LIMIT is bits[6:0] of this command and Resolution is
6:0 VIN_OV_WARN_LIMIT " getermined by C4h, bit[6] and E7h, bit[7].

500mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 0; supports up to 64V

250mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 1; supports up to 32V

125mV/LSB when C4h, bit[6] = 1; supports up to 16V
VIN_UV_WARN_LIMIT (58h)

The VIN_UV_WARN_LIMIT command sets the V\y under-voltage warning (UVW) limit.

Command VIN_UV_WARN_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X X X VIN_UV_WARN_LIMIT
Bits Bit Name Description
15:7 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
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Set the Vin UVW threshold, calculated with the following equation:
Vin UVW threshold = VIN_UV_WARN_LIMIT x Resolution.

] Where VIN_UV_WARN_LIMIT is bits[6:0] of this command and Resolution is
6:0 VIN_UV_WARN_LIMIT  getermined by C4h, bit[6] and E7h, bit[7].

500mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = O; supports up to 64V
250mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 1; supports up to 32V
125mV/LSB when C4h, bit[6] = 1; supports up to 16V

POWER_GOOD_ON (5Eh)
The POWER_GOOD_ON command sets the power good (PG) rising threshold.

Command | POWER_GOOD_ON

Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X POWER_GOOD_ON
Bits Bit Name Description
15:10 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
9:0 POWER_GOOD_ON Sets the voltage at which PG pulls high. 62.5mV/LSB.

POWER_GOOD_OFF (5Fh)
The POWER_GOOD_OFF command sets the power good (PG) falling threshold.

Command POWER_GOOD_OFF
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W RW
Function I X X X X X X POWER_GOOD_OFF

Bits Bit Name Description

15:10 RESERVED Unused. X indicates writes are ignored and reads are always 0.

9:0 POWER_GOOD_OFF Sets the voltage at which PG pulls low. 62.5mV/LSB.

TON_DELAY (60h)
The TON_DELAY command sets the turn-on delay between EN and ON.

Command TON_DELAY
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X X TON_DELAY
Bits Bit Name Description
15:8 RESERVED Unused. X indicates writes are ignored and reads are always 0.
7:0 TON DELAY Sets the delay from when EN asserts high to when the ON signal starts to rise.
- 0.1ms/LSB.
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TOFF_DELAY (64h)
The TOFF_DELAY command sets the turn-off delay between EN and ON.

Command TOFF_DELAY
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function | X X X X X X X X TOFF_DELAY

Bits Bit Name Description

15:8 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

70 TOFE_DELAY Set the delay from when EN de-asserts to when the ON signal drops low.

0.1ms/LSB.

OP_WARN_LIMIT (6Ah)
The OP_WARN_LIMIT command sets the input over-power (OP) warning limit.

Command OP_WARN_LIMIT
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function I X X OP_WARN_LIMIT

Bits Bit Name Description

15:14 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

13:0 OP_WARN_LIMIT Sets the input OP warning limit. 4W/LSB.

STATUS_BYTE (78h)

The STATUS_BYTE command returns 1 byte of information with a summary of the most critical
statuses and faults.

Command | STATUS_BYTE

Format Unsigned binary

Bit 7 6 5 4 3 2 1 0

Access R R R R R R R

Function X

Bits Bit Name Description
Indicates whether the NVM is busy.
7 NVM BUSY 1’b0: NVM access is idle
- 1’bl: The NVM is busy. The NVM cannot be accessed and PMBus writes are

ignored

Indicates whether the output is off. VOUT may be off due to a protection, EN
going low, or a command.

6 OFF )
1’b0: VOUT is on
1’b1: VOUT is off
5 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
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4 IOUT_OC_FAULT
3 VIN_UV_FAULT
2 TEMPERATURE
1 CML

0 MAX_SS_FAULT

STATUS_WORD (79h)

Indicates whether an lout over-current (OC) fault has occurred. If Vimon-based
total OCP occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h)
command to reset this bit.

1’b0: No lout OC fault has occurred
1’b1: An lout OC fault has occurred

Indicates whether a Vin under-voltage (UV) fault has occurred. If a Vin UV fault
occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h) command to
reset this bit.

1’b0: No Vin UV fault has occurred
1’b1: A Vin UV fault has occurred

Indicates whether an over-temperature (OT) fault or warning has occurred. If a
Vtemp-based OT fault or warning has occurred, this bit is set and latched. Send a
CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No OT fault or warning has occurred
1’b1: An OT fault or warning has occurred

Indicates whether a PMBus communication fault has occurred. If a PMBus
communication related fault occurs, this bit is set and latched. Send a
CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No CML fault has occurred
1’b1: A CML fault has occurred

Indicates whether the slave experiences a maximum SS fault. If Vss is below
340mV when the maximum soft start time ends, this bit is set.

1’b0: No maximum SS fault has occurred
1’b1: A maximum SS fault has occurred

The STATUS_WORD command returns 2 bytes of information with a summary of the device
fault/warning condition. The higher byte gives more detailed information of the fault conditions. The
lower byte shares this information with register STATUS_BYTE (78h).

Command STATUS _WORD
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function X X X
Bits Bit Name Description
15 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
Indicates whether an lout/Pout fault or warning has occurred. If an lout fault and
warning or Pout warning occurs, this bit is set and latched. The CLEAR_FAULTS
14 IOUT POUT command (03h) can reset this bit.
1’b0: No lout/Pour fault and warning
1’'b1: An lout/Pour fault or warning has occurred
Indicates whether an input voltage, current, or power fault/warning has occurred.
If any of these input faults/warnings occur, this bit is set and latched. Send a
13 INPUT CLEAR_FAULTS (03h) command to reset this bit.
1’b0: No input fault/warning has occurred
1’'b1: An input fault/warning has occurred
12 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
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11 PG

10 RESERVED

9 SLAVE_FAULT

8 WATCH_DOG

7 NVM_BUSY

6 OFF

5 RESERVED

4 IOUT_OC_FAULT
3 VIN_UV_FAULT
2 TEMPERATURE
1 CML

0 MAX_SS_FAULT

Indicates the power good (PG status).

1’b0: PG is high
1'bl: PGis low

Unused. X indicates that writes are ignored and reads are always 0.

Indicates whether a slave fault has occurred. If an e-fuse slave has a fault or the
fault from Table 2 on page 26 occurs, GOK is pulled low and this bit is set and
latched. Send a CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No slave faults have occurred
1’bl: Slave faults have occurred

Indicates whether the watchdog timer from the monitor block has overflowed.
The monitor value calculation has a watchdog timer. If the timer overflows, the
monitor value calculation state machine and the timer are reset. Meanwhile, this
bit is set and latched. Send a CLEAR_FAULTS (03h) command to reset this bit.

1’b0: The watchdog timer has not overflowed
1’b1: The watchdog timer has overflowed

Indicates whether the NVM is busy.

1’b0: NVM access is idle
1’b1: The NVM is busy. The NVM cannot be accessed and PMBus writes are
ignored

Indicates whether the output is off. VOUT may be off due to a protection, EN
going low, or a command.

1’b0: VOUT is on
1’b1: VOUT is off

Unused. X indicates that writes are ignored and reads are always 0.

Indicates whether an lout over-current (OC) fault has occurred. If Vimon-based
total OCP occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h)
command to reset this bit.

1’b0: No lout OC fault has occurred
1’b1: An lout OC fault has occurred

Indicates whether a Vin under-voltage (UV) fault has occurred. If a Vin UV fault
occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h) command to
reset this bit.

1’b0: No Vin UV fault has occurred
1’b1: A Vin UV fault has occurred

Indicates whether an over-temperature (OT) fault or warning has occurred. If a
Vremp-based OT fault or warning has occurred, this bit is set and latched. Send a
CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No OT fault or warning has occurred
1’b1: An OT fault or warning has occurred

Indicates whether a PMBus communication fault has occurred. If a PMBus
communication related fault occurs, this bit is set and latched. Send a
CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No CML fault has occurred
1’b1: A CML fault has occurred

Indicates whether the slave experiences a maximum SS fault. If Vss is below
340mV when the maximum soft start time ends, this bit is set.

1’b0: No maximum SS fault has occurred
1’b1: A maximum SS fault has occurred
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STATUS_IOUT (7Bh)

The STATUS_IOUT command returns 1 data byte with the detailed lour fault and warning status.

Command STATUS_IOUT
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R R R R R R R R
Function | X X X X X
Bits Bit Name Description
Indicates whether an lour over-current (OC) fault has occurred. If Vimon-based
total OCP occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h)
7 IOUT OC FAULT command to reset this bit.
1’b0: No lout OC fault has occurred
1’b1: An lout OC fault has occurred
6 RESERVED Unused. X indicates writes are ignored and reads are always 0.
Indicates whether an lout over-current (OC) warning has occurred. If Vimon-based
total OC warning occurs, this bit is set and latched. Send a CLEAR_FAULTS
5 IOUT OC WARNING (03h) command to reset this bit.
1’b0: No lout OC warning has occurred
1’b1: An lour OC warning has occurred
4:1 RESERVED Unused. X indicates writes are ignored and reads are always 0.
Indicates whether an output over-power (OP) warning has occurred. If an output
OP warning occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h)
0 POUT OP WARN command to reset this bit.

STATUS_INPUT (7Ch)

1’b0: No output OP warning has occurred
1’b1: An output OP warning has occurred

The STATUS_INPUT command returns 1 data byte with input fault or warning messages.

Command | STATUS_INPUT
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R R R R R R R R
Function X X X
Bits Bit Name Description
Indicates whether a Vin over-voltage (OV) fault has occurred. If Vin exceeds the
value set by VIN_OV_FAULT_LIMIT (55h), this bit is set and latched. Send a
7 VIN OV FAULT CLEAR_FAULTS (03h) command to reset this bit.
1’b0: No Vin OV fault has occurred
1'b1: A Vin OV fault has occurred
Indicates whether a Vin over-voltage (OV) warning has occurred. If Vin exceeds
the value set by VIN_OV_WARN_LIMIT (57h), this bit is set and latched. Send a
6 VIN OV WARNING CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No Vin OV warning has occurred
1’b1: A Vin OV warning has occurred

MP5990 Rev. 1.1
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Indicates whether a Vin under-voltage (UV) warning has occurred. If Vin falls
below the value set by VIN_UV_WARN_LIMIT (58h), this bit is set and latched.
5 VIN UV WARNING Send a CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No Vin OV fault has occurred
1’b1: A Vin QV fault has occurred

Indicates whether a Vin under-voltage (UV) fault has occurred. If Vin falls below
the value set by VIN_OFF (36h), this bit is set and latched. Send a
4 VIN UV FAULT CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No Vin UV fault has occurred
1’b1: A Vin UV fault has occurred

Indicates whether Vin under-voltage lockout (UVLO) has occurred. If Vin falls
below the value set by VIN_OFF (36h), this bit is set regardless of EN. This bit is

3 VIN_UVLO live.

1'b0: No Vin UVLO fault has occurred
1'bl: Vin UVLO fault has occurred

2:0 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

STATUS_TEMPERATURE (7Dh)

The STATUS TEMPERATURE command returns 1 data byte with temperature fault or warning
messages.

Command I STATUS_TEMPERATURE
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R R R R R R R R
Function X X X X X

Bits Bit Name Description

Indicates whether a sensed over-temperature (OT) fault has occurred. If the
Vremp-sensed temperature exceeds the OT fault limit set by OT_FAULT_LIMIT

(4Fh), this bit is set and latched. Send a CLEAR_FAULTS (03h) command to
7 OT_SENSED_FAULT reset this bit.

1'b0: No Vremp-sensed OT fault has occurred
1'bl1: A Vremp-sensed OT fault has occurred

Indicates whether a sensed over-temperature (OT) warning has occurred. If the

Vtemp-sensed temperature exceeds the OT warning limit set by

OT_WARN_LIMIT (51h), this bit is set and latched. Send a CLEAR_FAULTS
6 OT_SENSED_WARN (03h) command to reset this bit.

1’b0: No Vremp-sensed OT warning has occurred
1’b1: A Vremp-sensed OT warning has occurred

5:1 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Indicates whether the controller experiences an over-temperature (OT) fault. If
the controller’'s temperature exceeds its OT threshold, this bit is set and latched.

0 (F),;\I-L_J(L:'(FDNTROLLER_ Send a CLEAR_FAULTS (03h) command to reset this bit.
1’b0: No controller OT fault has occurred

1’b1: A controller OT fault has occurred
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STATUS_CML (7Eh)
The STATUS_CML command returns 1 data byte with the memory and communication fault messages.

Command
Format

Bit

Access
Function I

Bits

~
[o)]

Bit Name

STATUS_CML
Unsigned binary
4 3
R R R
X X

9]
N
[EnY
o

Py
Py
Py

Description

3:2

INVALID_CMD

INVALID_DATA

PEC_FAILED

NVM_CRC_FAULT

RESERVED

COMMU_OTHER_
FAULT

NVM_SIG_FAULT

Indicates whether an invalid PMBus command was received. If the MP5990
receives an unsupported command code, this bit is set and latched. Send a
CLEAR_FAULTS (03h) command to reset this bit.

1’b0: No invalid PMBus command has been received
1'bl: An invalid PMBus command has been received

Indicates whether invalid PMBus data was received. If the MP5990 receives
unsupported data, this bit is set and latched. Send a CLEAR_FAULTS (03h)
command to reset this bit.

1'b0: No invalid PMBus data has been received
1’bl: Invalid PMBus data has been received

Indicates whether a PMBus packet error checking (PEC) fault has occurred. The
PMBus interface supports the use of the PEC byte that is defined in the SMBus
standard. The PEC byte is transmitted by the MP5990 during a read transaction
or sent to the MP5990 during a write transaction. If the PEC byte sent to the
MP5990 during a write transaction is incorrect, the command is not executed and
this bit is set and latched. Send a CLEAR_FAULTS (03h) to reset this bit.

1'b0: No PEC fault has been detected
1'bl: A PEC fault has been detected

Indicates whether a CRC fault has occurred. While storing operating memory
data to the NVM, the MP5990 calculates a CRC code for each bit and saves the
final CRC code to the NVM. While restoring the NVM data to the operating
memory, the MP5990 recalculates the CRC code with each bit. The MP5990
checks the CRC results when the restoring process is done. If the CRC result
does not match what is stored during the storing process, the e-fuse shuts down
and this bit is set and latched. Send a CLEAR_FAULTS (03h) command to reset
this bit.

1’b0: No NVM CRC fault has been detected
1’b1: An NVM CRC fault has been detected

Unused. X indicates that writes are ignored and reads are always O.

If a start or stop condition interrupts the data transmission, this bit is set. This bit
is in latch-off mode. Send a CLEAR_FAULTS (03h) command to reset this bit.

While restoring data from the NVM to the memory, the device checks the
signature register in address 00h of the NVM first. If the signature register is
0x1234, the restoration process stops immediately and this bit is set and latched.
Send a CLEAR_FAULTS (03h) command to clear this bit.

1’b0: No NVM signature fault has occurred
1’b1: An NVM signature fault has occurred

MP5990 Rev. 1.1
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REV_ID (80h)

The REV_ID commands returns the silicon revision number and can express the version of silicon
when the metal changes. This value is fixed in the analog design.

Command REV_ID
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R R R R R R R
Function REV_ID

Bits Bit Name Description

7:0 REV_ID Returns the silicon revision number.

READ_EIN (86h)
The READ_EIN command returns the input energy (En). The calculation method follows PMBus

requirement.

Byte Byte Name Description
6 RESERVED Unused. X indicates writes are ignored and reads are always 0.
5 SAMPLE_COUNT_HIGH Counts the sample numbers, which is 24 bits in total. 100us/LSB.
4 SAMPLE_COUNT_MID Counts the sample numbers, which is 24 bits in total. 100us/LSB.
3 SAMPLE_COUNT_LOW  Counts the sample numbers, which is 24 bits in total. 100us/LSB.
2 ACCU_ROLL_COUNT Counts the input energy (Ein) accumulator roll counters.
1 EIN ACCU HIGH Counts the Ein counter, which is 16 bits in total. The MSB is the signed bit.
- - 1WILSB.
0 EIN_ACCU_LOW Counts the E counter, which is 16 bits in total. The MSB is the signed bit.

READ_VIN (88h)
The READ_VIN command returns the sensed V.

1W/LSB.

Command | READ_VIN
Format Linearll
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function READ_VIN
Bits Bit Name Description
These bits are configured by register C4h, hit[9] to select linear mode or direct
mode.
In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement
15:0 READ VIN mantissa (bits[10:0] = Y). The reported Vin can be calculated with the following

equation:
Reported Vin=Y x2~ N

In direct mode, bits[15:11] are always 0000, while bits[10:0] are the actual
calculated bits. 31.25mV/LSB.
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READ_VOUT (8Bh)

The READ_VOUT command returns the sensed Vour.

Command

Format

Bit 15 14
Access R R

Function I

Bits Bit Name

13

12

READ_VOUT
Linearll
11 10 9 8 7 6
R R R R R R R R R R R R
READ_VOUT

4
IN
w
N
=
o

Description

15:0 READ_VOUT

READ_IOUT (8Ch)

These bits are configured by register C4h, bit[9] to select linear mode or direct
mode.

In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement
mantissa (bits[10:0] = Y). The reported Vour can be calculated with the following
equation:

Reported Vour =Y x2~ N

In direct mode, bits[15:11] are always 0000, while bits[10:0] are the actual
calculated bits. 31.25mV/LSB.

The READ_IOUT command returns the measured lour.

Command READ_IOUT
Format Linearll
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function READ_IOUT
Bits Bit Name Description
These bits are configured by register C4h, bit[9] to select linear mode or direct
mode.
In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement
15:0 READ 10OUT mantissa (bits[10:0] = Y). The reported lout can be calculated with the following

READ_TEMPERATURE (8Dh)
The READ_TEMPERATURE command returns the measured temperature.

equation:
Reported lour=Y x 2" N

In direct mode, bits[15:14] are always 0000, while bits[13:0] are the actual
calculated bits. 62.5mA/LSB.

Command I READ_TEMPERATURE
Format Direct
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function X X X X X X X X READ_TEMPERATURE

Bits Bit Name Description

15:8 RESERVED Unused. X indicates writes are ignored and reads are always O.

7:0 READ_TEMPERATURE  Returns the temperature sensed on the VTEMP pin. 1°C/LSB.
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READ_POUT (96h)
The READ_POUT command reports the output power (Pour).

Command READ_POUT
Format Linearll
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function | READ_POUT

Bits Bit Name Description

These bits are configured by register C4h, bit[9] to select linear mode or direct
mode.

In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement

15:0 READ_POUT mantissa (bits[10:0] = Y). The reported Pour can be calculated with the following
equation:

Reported Pour =Y x2"N
In direct mode, bits[15:0] is the actual calculated bits. IW/LSB.

READ_PIN (97h)
The READ_PIN command reports the input power (Pn).

Command READ_PIN
Format Linearll
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function READ_PIN

Bits Bit Name Description

These bits are configured by register C4h, bit[9] to select linear mode or direct
mode.

In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement

15:0 READ_PIN mantissa (bits[10:0] = Y). The reported P can be calculated with the following
equation:

Reported Pn=Y x2 "N
In direct mode, bits[15:0] is the actual calculated bits.1W/LSB.

PMBUS_REVISION (98h)

The PMBUS_REVISION command reads the PMBus revision to which the device is compliant. It is
read-only.

Command PMBUS_REVISION
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R R R R R R R R
Function PMBUS_REVISION

Bits Bit Name Description

The default value is 33h, which means Part | Revision is 1.3, and the Part Il

7:0 PMBUS_REVISION L
- Revision is 1.3.
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VENDOR_ID (99h)
The VENDOR_ID command returns company identification. It is block read.

PRODUCT_ID (9Ah)
The PRODUCT_ID command returns the part name. It is block read.

REV_CONST (9Bh)
The REV_CONST command returns the manufacturer’s revision number. It is read only.

Command REV_CONST
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R R R R R R R R
Function X X X X X X X

Bits Bit Name Description

71 RESERVED Unused. X indicates writes are ignored and reads are always 0.

0 REV_CONST Returns the manufacturer’s revision number. This value can be configured via

REV_CONST_CFG (C3h).

READ_VIN_PEAK (A1h)

The READ_VIN_PEAK command returns the peak Viv sample value. It is read-clear data. The peak
value is the maximum value between the two read commands.

Command READ_VIN_PEAK
Format Linearll
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function READ_VIN_PEAK

Bits Bit Name Description

These bits are configured by register C4h, hit[9] to select linear mode or direct
mode.

In linear mode, bits[15:11] are the signed two’s complement value for the

exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement

15:0 READ VIN PEAK mantissa (bits[10:0] = Y). The peak Vi can be calculated with the following
- T equation:

Peak ViNn=Y x2~"N
At direct mode, bits[15:11] is always 0000, bit[10:0] is the actual calculated bits.
31.25mV/LSB.
READ_PIN_PEAK (A3h)

The READ_PIN_PEAK command returns the peak P\ sample value. It is read-clear data. The peak
value is the maximum value between the two read commands.

Command READ_PIN_PEAK
Format Linearll
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function READ_PIN_PEAK
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Bit Name

Description

15:0

READ_PIN_PEAK

READ_VOUT_PEAK (A5h)

The READ_VOUT_PEAK command returns the peak Vour sample value. It is read-clear data. The peak
value is the maximum value between the two read commands.

Command
Format
Bit
Access
Function I

Bits

15 14 13
R R R
Bit Name

12

These bits are configured by register C4h, hit[9] to select linear mode or direct
mode.

In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement
mantissa (bits[10:0] = Y). The peak P can be calculated with the following
equation:

Peak Pn=Yx2"N
In direct mode, bits[15:0] is the actual calculated bits. 1W/LSB.

READ_VOUT_PEAK
Linearll
11 10 9 8 7 6 5
R R R R R R R R R R R R
READ_VOUT_PEAK

N
w
N
=
o

Description

15:0

READ_VOUT PEAK

READ_IOUT_PEAK (A6h)

The READ_IOUT_PEAK command returns the peak lour sample value. It is read-clear data. The peak
value is the maximum value between the two read commands.

These bits are configured by register C4h, bit[9] to select linear mode or direct
mode.

In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement
mantissa (bits[10:0] = Y). The peak Vour can be calculated with the following
equation:

Peak Voutr=YXx2~N

In direct mode, bits[15:11] is always 0000, bits[10:0] is the actual calculated bits.
31.25mV/LSB.

Command | READ_IOUT_PEAK
Format Linearll
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function
Bits Bit Name Description
These bits are configured by register C4h, bit[9] to select linear mode or direct
mode.
In linear mode, bits[15:11] are the signed two’s complement value for the
exponent (bits[15:11] = N), while bits[10:0] are the signed two’s complement
15:0 READ IOUT PEAK mantissa (bits[10:0] = Y). The peak Vour can be calculated with the following

equation:
Peak lout= Y Xx2"N

In direct mode, bits[15:14] is always 0000, while bits[13:0] is the actual calculated
bits. 62.5mA/LSB.
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READ_TEMP_PEAK (AFh)

The READ_TEMP_PEAK is used to read TEMP peak sample value. It is read-clear data. The peak
value is the maximum value between the two read commands.

Command READ_TEMP_PEAK
Format Direct
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function X X X X X X X X READ_TEMP_PEAK

Bits Bit Name Description

15:8 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

7:0 READ_TEMP_PEAK No negative value. 1°C/LSB.

CONFIG_ID (Co0h)
The CONFIG_ID command sets the 4-digit part number.

Command CONFIG_ID
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function CONFIG_ID

Bits Bit Name Description

15:0 CONFIG_ID Sets the 4-digit part number.

CONFIG_CODE_REV (C1h)
The CONFIG_CODE_REV command sets the configuration code revision.

Command CONFIG_CODE_REV
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function | CONFIG_CODE_REV

Bits Bit Name Description

15:0 CONFIG_CODE_REV Sets the configuration code revision.

PRODUCT_REV_USER (C2h)
The PRODUCT_REV_USER command provides 2 bytes to set the product revision for the user.

Command PRODUCT_REV_USER
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function

Bits Bit Name Description

15:0 PRODUCT_REV_USER  Sets the production revision.
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REV_CONST_CFG (C3h)
The REV_CONST_CFG stores the silicon revision number, which can also be read via 9Bh.

Command REV_CONST_CFG
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function | REV_CONST_CFG

Bits Bit Name Description

7:0 REV_CONST_CFG Stores the silicon revision number.

EFUSE_CFG (C4h)
The EFUSE_CFG command configures functions related to the MP5990.

Command EFUSE_CFG
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X X
Bits Bit Name Description
15 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Configures the controller’'s over-temperature protection (OTP fault protection
CONTROLLER_OTP_CF mode.

G 1’b0: Hiccup mode
1’b1: Latch-off mode

14

Configures the maximum SS fault protection mode.
13 SLAVE_MAX_SS_CFG  1'h0; Hiccup mode
1’b1: Latch-off mode

12 RESERVED Always set to 0.

Enables slave fault detection by monitoring the SS pin. If this function is enabled,
the MP5990 indicates that the slave is experiencing a fault when the EN/ON/PG
11 SLAVE SS FLT EN pins are all high, and the SS pin is pulled low by the e-fuse slave.

1’b0: Disabled
1’bl: Enabled

Enables the device to pull the SS pin low if a fault occurs.

10 SS_CFG 1’b0: Do not pull the SS pin low if a fault occurs
1’b1: Pull the SS pin low if a fault occurs

Configures the report format of the MP5990.

1’b0: Direct mode
1’bl: Linear mode

When selecting linear mode, the device tunes the exponent automatically. For

9 RPT_FORMAT the voltage-related reports (e.g. Vin and Vour), the device has a
31.25mV/62.5mV resolution, up to 64V. For current-related reports (e.g. lout), the
device has a 0.0625A/0.125A/0.25A/0.5A/1A resolution, up to 1023A. For power-
related reports (e.g. Pin and Pour), the device has
IW/2W/AW/8W/16W/32W/64W, up to 6.5535kW.
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Sets the Vin over-voltage protection (OVP) mode.
8 VIN_OVP_MODE 1’b0: Latch-off mode
1’b1: Hiccup mode
If Vin under-voltage lockout (UVLO) is enabled by E6h, bits[0], this bit can
configure the Vin UVLO response. The Vin UVLO thresholds are set by registers

35h and 36h. If the response is set to no action, UVLO does not set the
7 VIN_UVLO_FAULT corresponding bits in FAh, and the ON, GOK, SS, and PG pins do not pull low.

1’b0: No action
1’bl: Action

Combine this bit with VIN_PRT_SEL (E7h), bit[7]) to configure Vi-related
protection resolutions (e.g. VIN_ON, VIN_OFF, and VIN_OV).

6 VIN_PRT_RESO 500mV when VIN_PRT_RESO =0, and VIN_PRT_SEL = 0.
250mV when VIN_PRT_RESO =0, and VIN_PRT_SEL =1
125mV when VIN_PRT_RESO =1, and VIN_PRT_SEL =0 or 1

5:0 RESERVED Always set to 6b’00 1000.

OCW_SC_REF (C5h)
The OCW_SC_REF command sets the OCWREF and SCREF voltage levels for slave devices.

Command OCW_SC_REF
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X SCREF OCWREF

Bits Bit Name Description

15:12 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the SCREF voltage level, which selects the short-circuit protection (SCP)
level at 40A, 60A, 80A, 100A, and 120A. 28mV/LSB.

Sets the OCWREF voltage level. If the CS voltage (Vcs) exceeds Vocwrer, D_OC
asserts. 28mV/LSB.

11:6 SCREF
5:0 OCWREF

OC_REF (C6h)
The OC_REF command set the OCREF voltage for the slaves.

Command OC_REF
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function X X OCREF
Bits Bit Name Description
7:6 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
5:0 OCREF Sets the OCREF voltage for Vcs-based over-current protection (OCP).
28mV/LSB.
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ON_HICCUP_DLY (C7h)
The ON_HICCUP_DLY command sets the ON signal timeout and hiccup delay time.

Command ON_HICCUP_DLY
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W RW
Function | X X MAX_SS TIME HICCUP_DLY
Bits Bit Name Description
15:14 RESERVED Unused. X indicates writes are ignored and reads are always 0.
Sets pin 13 to have the power good (PG) or over-current warning (OCW) output.
13 PG_MUX 1’b0: PG
1'bl: OCW

Sets the maximum soft start (SS) time. The maximum SS timer starts counting
when the ON pin exceeds its rising threshold. If Vss is below 340mV when the

12:9 MAX_SS_TIME timer finishes, ON and GOK are pulled low. 40ms/LSB with a maximum of
600ms.
Sets the hiccup delay time. 20ms/LSB with a maximum of 10.22s. Do not set the
8:0 HICCUP_DLY hiccup delay time to Oms, regardless of whether latch-off mode or hiccup mode is

selected.

SYS_INITIAL_DELAY (DOh)
The SYS_INITIAL_DELAY command sets the system initialization delay time.

Command SYS_INITIAL_DELAY
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function | X X X X X X X X X X X X DELAY_MASTER
Bits Bit Name Description
15:4 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the controller system initialization delay time. The timer starts when NVM
3.0 DELAY_MASTER copying ends. When the system initialization delay is over, the MP5990 starts to
detect if EN is high. 10ms/LSB.

ADDR_PMBUS (D2h)

The ADDR_PMBUS command configures the device address, including pin configurations and register
configurations.

Command ADDR_PMBUS
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W RW

Function X X X X X

Bits Bit Name Description

15:11 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
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Configures the I12C timeout function.
Bit[10] sets whether an I>C timeout resets the 1°C state machine.

1’b0: Do not reset
1'bl: Reset

10:8 12C_TIMEOUT_CFG Bits[9:8] determine whether SDA and SCL are used for a timeout.

2’b00: The timeout is always counted

2’b01: The timeout starts to count while SCL is pulled low

2’b10: The timeout starts to count while SDA is pulled low

2’b11: The timeout starts to count while both SCL and SDA are pulled low

Selects the PMBus address configuration mode.

1'b0: The PMBus address is configured by the ADDR pin. The final PMBus

7 ADDR_CFG address is set by bits[6:4] of this command and the 4LSB set via the ADDR pin
1’b1: The PMBus address is configured by the register. The final PMBus address
is set by bits[6:4] and bits[3:0] of this command

6:4 ADDR_PMBUS_3MSB Sets the 3MSB of the PMBus address.
Sets the 4LSB of the PMBus address.

When bit [7] of register ADDR_PMBUS (D2h) is 0, the PMBus address 4-LSB is
3.0 ADDR_PMBUS 4LSB set by the ADDR pin. ADDR_PMBUS_4LSB returns the 4-LSB.

When bit [7] of register ADDR_PMBUS (D2h) is 1, the 4-LSB of the PMBus
address is set by ADDR_PMBUS_4LSB.

VIN_CFG (E3h)
The VIN_CFG command sets the V\y sense offset.

Command VIN_CFG
Format Two’s complement
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X X X X X X VIN_TUNE

Bits Bit Name Description

15:4 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Trims the Vin sense with the gain and offset. Tune the offset with 1 ADC

3:0 VIN_TUNE value/LSB. It is two’s complement format.

VIN_SCALE (E4h)
The VIN_SCALE command sets the V\\ sense scale loop.

Command | VIN_SCALE
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function X X X X X VIN_SCALE

Bits Bit Name Description

15:11 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Sets the Vin scale, calculated with the following equation:

10:0 VIN_SCALE
VIN_SCALE = 5120 x Rsor / (Rtop + Reor)
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Figure 23 shows the Vy sense circuit.

Vi
MP5990
R
ADCY VINSEN ToP
L R
goT
AGND

Figure 23: Vin Sense Circuit Design

TEMP_TUNE (E5h)

The TEMP_TUNE command sets the temperature-sense gain and offset. The temperature can be
calculated with Equation (9):

Real Temperature (1°C/LSB) = (VTEMP (V) x 320 + TEMP_OFFSET_TUNE) x GAIN_TUNE / 256 (9)

Command TEMP_TUNE
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function | TEMP_OFFSET_TUNE GAIN_TUNE

Bits Bit Name Description

Sets the temperature-sense offset. It is in two’s complement format. Bit[15] is the
signed bit. The offset can be calculated with the following equation:

TEMP_OFFSET_TUNE= -VTEMP_OFFSET x 320
Where VTEMP_OFFSET is 152.5mV.
Sets the temperature-sense gain, calculated with the following equation:
7:0 GAIN_TUNE GAIN_TUNE = 256 / (320 x VTEMP_GAIN)
Where VTEMP_GAIN is 8.7mV/°C.

15:8 TEMP_OFFSET_TUNE

PROTECT_CFG (E6h)
The PROTECT_CFG command configures e-fuse protection.

Command PROTECT_CFG
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function X X X X X X X
Bits Bit Name Description
15 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
oTP Enable the controller’'s over-temperature protection (OTP).
14 CONTROLLER_EN 1'b0: Disabled
1'b1: Enabled
13 RESERVED Always set to 0.
Configures whether a protection can be asserted during NVM fault recording.
12 PROTECT_ASSERT 1'b0: Assert at any time
1’b1: Assert when not storing to the NVM
11 RESERVED Always set to 0.
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10 MAX_SS_FAULT_EN
9 RESERVED

8 PROTECT RECORD

7 FLT_TYPE_EN

6 RESERVED

5 OCP_TOTAL_EN

4 RESERVED

3 SLAVE_GOK_FAULT_EN
2 RESERVED

1 OTP_PWR_EN

0 VIN_PROTECT_EN

VIN_PROTECT_LEVEL (E7h)

Enables maximum SS fault protection.

1’b0: Disabled
1’bl: Enabled

Always set to 0.
Enables the device to store the fault register (FAh) to the NVM.

1'b0: Disabled
1'bl: Enabled

Enables the device to detect the e-fuse slave fault type by the FLT_TYPE pin.

1’b0: Disabled
1'b1: Enabled

Always set to 0.
Enables the e-fuse controller’s total over-current protection (OCP).

1’b0: Disabled
1’bl: Enabled

Always set to 0.
Enables slave fault detection by monitoring the GOK pin.

1'b0: Disable slave fault detection
1’bl: Enable slave fault detection by monitoring the GOK pin. If GOK pulls low
due to the e-fuse slave, the MP5990 recognizes a slave fault status

Always set to 0.
Enables over-temperature protection (OTP) by sensing the VTEMP voltage.

1'b0: Disabled
1’bl: Enabled

Enables Vin related protections, including over-voltage protection (OVP) and
under-voltage protection (UVP).

1’b0: Disabled
1’bl: Enabled

The VIN_CFG command configures Vv reporting and protection-related functions.

Command

Format

Bit 15 14 13 12
Access RW R/W R/W R/W

Function X X X X

VIN_PROTECT_LEVEL
Unsigned binary
11 10 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW RW RW RW RW
X X X X VIN_OVP_HYS X X X X

Bits Bit Name Description
15:8 RESERVED Unused. X indicates writes are ignored and reads are always 0.
Combine this bit with VIN_PRT_RESO (C4h, bit[6]) to configure Vin-related
protection resolutions (VIN_ON, VIN_OFF, and VIN_OV).
7 VIN_PRT_SEL

500mV when VIN_PRT_RESO = 0 and VIN_PRT_SEL =0
250mV when VIN_PRT_RESO =0 and VIN_PRT_SEL =1
125mV when VIN_PRT_RESO =1 and VIN_PRT_SEL =0or 1.
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Sets the Vin over-voltage protection (OVP) hysteresis.

3'b000: 7LSB
3'b001: 6LSB
3'b010: 5LSB
3'b011: 4LSB
3b100: 3LSB
3b101: 2LSB
3b110: 1LSB
6:4 VIN_OVP_HYS 3b111:0LSB

The Vin OV falling threshold is configured via VIN_OV_FAULT_LIMIT (55h),
calculated with the following equation:

Vin OV falling threshold = (VIN_OV_FAULT_LIMIT - VIN_OVP_HYS) x Resolution
Where Resolution is determined by C4h, bit[6] and E7h, bit[7].

500mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = O; supports up to 64V
250mV/LSB when C4h, bit[6] = 0 and E7h, bit[7] = 1; supports up to 32V
125mV/LSB when C4h, bit[6] = 1; supports up to 16V

3.0 RESERVED Always returns 0.

PRT_DELAY (E8h)
The PRT_DELAY is used to set the delay time of slave fault (GOK) and total OCP fault.

Command PRT_DELAY
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function | X X X X X X X X OCP_DELAY
Bits Bit Name Description
15:12 RESERVED Always set to 5.
i SLAVE_GOK_ . . . .
11:8 FAULT DELAY Sets the slave GOK fault detection delay time. 1us/LSB with a maximum of 15us.
7:4 RESERVED Always set to 5.
Sets the over-current protection (OCP) delay. The resolution can be configured
via F5h, bit[4] .
3.0 OCP_DELAY

500us/LSB when F5h, bit[4] = 0, up to 7.5ms
100ps/LSB when F5h, bit[4] = 1, up to 1.5ms

SMBALERT_MASK (E9h)
The SMBALERT_MASK command masks the faults and warnings to assert ALT#.

Command SMBALERT_MASK
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Function I

Bits Bit Name Description

1'b0: No mask
15 INVALID_CMD 1’b1: If an PMBus invalid command is received, ALT# does not assert
14 INVALID_DATA 1'b0: No mask

1’b1: If invalid PMBus data is received, ALT# does not assert
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1'b0: No mask

13 PEC_FAILED 1’b1: If a PMBus packet error check failure is received, ALT# does not assert
1’b0: No mask

12 NVM_SIG_FAULT 1’b1: If the NVM has a signature fault, ALT# does not assert
1’'b0: No mask

1 COMM_OTHER 1'bl: If a different communication fault is received, ALT# does not assert
1’b0: No mask

10 SLAVE_GOK_FAULT 1'b1: If a slave GOK fault is received, ALT# does not assert
1’b0: No mask

9 SLAVE_MAX_SS 1'b1: If a slave’s maximum SS fault is received, ALT# does not assert
1’b0: No mask

8 TOTAL_OC_FAULT 1’b1: If total input over-current protection (OCP) occurs, ALT# does not assert
1’b0: No mask

! OP_WARN 1’b1: If an input over-power warning is received, ALT# does not assert
1’b0: No mask

6 VIN_OV_FAULT 1’b1: If an input over-voltage (OV) fault is received, ALT# does not assert
1’b0: No mask

> VIN_UVLO 1’b1: If input UVLO occurs, ALT# does not assert
1'b0: No mask

4 OT_SENSED_FAULT 1I’'b1: If a Vremp-sensed over-temperature (OT) fault is received, ALT# does not
assert
1’b0: No mask

3 UV_WARN 1’b1: If an input under-voltage (UV) warning is received, ALT# does not assert
1'b0: No mask

2 OC_WARN 1’b1: If an input OC warning is received, ALT# does not assert
1’b0: No mask

L VIN_OV_WARN 1’b1: If an input OV warning is received, ALT# does not assert

0 OT_SEN_WARN 1’b0: No mask

1’b1: If a Vremp-sensed OT warning is received, ALT# does not assert

LEVEL_SEL (EBh)

The LEVEL_SEL command sets the over-temperature protection (OTP) hysteresis for the Vrevp-based
OTP.

Command | LEVEL_SEL
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Access RW R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Function X X X X X X X X X X X X X X OTP_HYS

Bits Bit Name Description
15:2 RESERVED Always write to 0.

Select Vtemp based on OTP hysteresis.

2’h00: 20°C
1:0 OTP_HYS 2'h01: 25°C
2’p10: 30°C
2’p11: 35°C
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ADVANCE_CTRL (F1h)
The ADVANCE_CTRL command configures some advanced functions for the MP5990.

Command
Format

Bit

Access
Function I

Bits

ADVANCE_CTRL
Unsigned binary
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W RW
X X GATECLK_CFG

Bit Name Description

15

14

13

12

11

10

Sets the 12C voltage.
12C_VOL_SET 1'bl: 1.8V
1'b0: 3.3V

Configures the PMBus communication behavior during the system initialization
state or a NVW storing/restoring state.

COMM_INITIAL 1’b0: Acknowledge (ACK) the PMBus address, but do not acknowledge (NACK)
PMBus commands
1’b1: NACK PMBus address

Configure whether MP5990 enters system initial delay and NVM copy again when
exit low power mode,

1’b0: Disabled

1'b1: Enabled

Enables low-power mode (LPM).
LPM_EN_CFG 1'b0: Disabled

1’b1: Enabled

LPM_COPY_CFG

Enables the last faults recorded to the NVM to be cleared by the 08h command.
CLR_NVM_LAST _ .
FAULT_EN 1’b0: Disabled

1’b1: Enabled
RESERVED Always set to 0.

Enables the device to restore the NVM after EN turns on or an on command is
received.

1’b0: Disabled
1’b1: Enabled

Enables the NVM CRC function.
CRC_PROTECT_EN 1’b0: Disabled
1’b1: Enabled

RESERVED Always set to 0.

NVM_COPY_EN

Enables the calculation for the watchdog function. This can prevent the
calculation state machine from running out of control. If this function is enabled,

the calculation state machine is reset when the state is unchanged for more than
CAL_WATCH_DOG_EN  700ys.

1’b0: Disabled
1’b1: Enabled

Enables the bandgap chop function, which can reduce amplifier's input offset
voltage.

1’b0: Disabled
1’b1: Enabled

BG_CHOP_EN
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Configures the gate clock function. Enable this function to reduce the controller’s
power loss.

Bit[4] is reserved and always set to 0.
Bit[3] enables NVM operation.

1’b0: Disabled. The gate clock for NVM operation always works
1’b1: Enabled. The gate clock only works after sending 15h and 16h commands

4:0 GATECLK_CFG Bit[2] enables register writing.

1’b0: Disabled. The gate clock of the write command always works
1’b1: Enabled. The gate clock only works when sending a write command

Bit[1] is reserved and always set to 0.
Bit[0] enables PMBus communication.
1’b0: Disabled
1’b1: Enabled

RETRY_TIMES (F4h)

The RETRY_TIMES command sets the protection mode, including latch-off, retry, hiccup mode. If a
new protection mode is selected, it must be activated by cycling the VIN, VDD33, or EN signal.

Command RETRY_TIMES

Format Unsigned binary

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Function | OTP_RETRY_TIMES X X X X OCP_RETRY_TIMES
Bits Bit Name Description

Sets the Vtemp-based over-temperature protection (OTP) mode.

15:12 OTP_RETRY_TIMES 4’b0000: Latch-off mode
- - 4’b0001~4'h1110: Retry mode. The retry times are set by bits bits[15:12]

4’h1111: Hiccup mode
11:8 RESERVED Always set to 0.
Set slave faults (GOK) protection mode.

7:4 SLAVE_GOK_ 4’b0000: Latch-off mode
FAULT_RETRY_TIMES  4h0001~4’h1110: retry mode, and retry times is the value of bits[7:4]
4’h1111: Hiccup mode

Sets the total over-current protection (OCP) mode.

3:0 OCP RETRY TIMES 4’b0000: Latch-off mode
- - 4’b0001~4'h1110: retry mode, and retry times is the value of bits[3:0]

4’h1111: Hiccup mode

CFG_EXT (F5h)
The CFG_EXT command configures the MP5990’s extended functions.

Command | CFG_EXT

Format Unsigned binary

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Access RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Function X X X X X X X X X X
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Bit Name

Description

15:8

3.2

1.0

RESERVED

OCW_EN

CLR_FAULT_CFG

FAULT DET_CFG

OCP_TIME_SEL

NVM_RCD_CFG

RESERVED

CHECK_SUM_FUNC (F8h)

The CHECK_SUM_USER_CODE command provides 2 bytes to return the check sum code (CRC
code) for the user code. When the MP5990 sends the 15h command to store configuration information
to the NVM, this command returns a CRC code for the user code, which are stored to the NVM. When
the MP5990 sends 16h command or starts NVM copying after VDD33 starts up, this command returns
a CRC code for the user code, which is exported from the NVM. This is read-only register.

Unused. X indicates that writes are ignored and reads are always 0.
Enables over-current warning (OCW).

1’b0: Disabled
1’b1: Enabled

Configures whether to clear the FBh register value after sending a 08h command
to clear the NVM’s latest fault.

1’b0: Do not clear the FBh value
1’b1: Clear the FBh value

Configures the fault conditions under which the MP5990 detects the FLT_TYPE
pin voltage. Slave faults are detected when GOK or SS goes low.

1’b0: Any fault
1’bl: Slave faults

Selects the resolution of the total over-current protection (OCP) timer.

1’b0: 500us /LSB
1’b1: 100us /LSB

Configure the NVM storing mode.

Bit[3] selects whether to store protection information when sending a 15h
command.

1’b0: Store all protection information
1’b1: Do not store any protection information

Bit[2] selects whether to store a section or just the protection word when the
protection recording function is enabled.

1’b0: Store section
1’b1: Just protection

Always write to 2’b00.

Command | CHECK_SUM_FUNC
Format Unsigned binary
Bit 15 14 13 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R
Function

Bits Bit Name Description

15:0 CHECK_SUM_FUNC These bits are read-only.
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FAULT_RECORD (FAh)

The FAULT_RECORD command stores all the current fault bits of system. The related bit is setto 1 if a
fault occurs.

Command FAULT_RECORD
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function X X X X

Bits Bit Name Description

15 RESERVED Unused. X indicates that writes are ignored and reads are always 0.

Indicates whether a CRC fault has occurred. While storing the operating memory
data to the NVM, the MP5990 calculates a CRC code for each bit and saves the
final CRC code to the NVM. When restoring the NVM data to the operating
memory, the MP5990 recalculates the CRC code for each bit. The MP5990
14 NVM CRC FAULT checks the CRC results when the restoration process is complete. If the CRC
- - result does not match what is stored in the storing process, the VR shuts down
and this bit is set.

1'b0: No NVM CRC fault has been detected
1'b1: An NVM CRC fault has been detected

While restoring data from the NVM to the memory, the device checks the
signature register in address 00h of the NVM first. If the signature register is
13 NVM SIG FAULT 0x1234, the restoration process stops immediately and this bit is set.

1’b0: No NVM signature fault has occurred
1’b1: An NVM signature fault has occurred

12 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
Indicates whether the controller experiences an over-temperature (OT) fault.

1 OTP CONTROLLER Once the controller’s temperature exceeds its OT threshold, this bit is set.

FAULT 1’b0: No controller OT fault has occurred

1'b1: A controller OT fault has occurred
Indicates whether the slave experiences a maximum SS fault. If the SS pin is still
low when the maximum soft start time ends, this bit is set.

10 MAX_SS_FAULT _
1'b0: No maximum SS fault has occurred
1'b1: A maximum SS fault has occurred

9 RESERVED Unused. X indicates that writes are ignored and reads are always 0.
Vin over-voltage (OV) fault indicator. Once the sensed Vin exceeds the Vin OV
fault limit, this bit is set.

8 VIN_OV_FAULT
1'b0: No Vin OV fault has occurred
1’b1: A Vin OV fault has occurred

7 RESERVED Unused. X indicates writes are ignored and reads are always 0.
Indicates whether a slave GOK fault has occurred. If a slave has faults, GOK
pulls low and this bit is set.

6 SLAVE_GOK_FAULT
1'b0: No slave faults have occurred
1'b1: A slave fault has occurred
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5 IOUT_OC_FAULT

4 VIN_UVLO_FAULT

3 OT_SENSED_FAULT
2:0 FAULT_TYPE

FAULT_RECORD_LAST (FBh)

Indicates whether an lout over-current (OC) fault has occurred. If loutr OCP
occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h) command to
reset this bit.

1’b0: No lout OC fault has occurred
1’b1: An lout OC fault has occurred

Indicates whether a Vin under-voltage (UV) fault indicator. C4h, bit[7] selects
whether to report this fault. If the sensed Vin falls below the Vin falling threshold
after EN pulls high, this bit is set.

1’b0: No Vin UV fault has occurred
1’b1: A Vin UV fault has occurred

Indicates whether
temperature sensed via VTEMP exceeds
OT_FAULT_LIMIT (4Fh), this bit is set.

1’b0: No sensed OT fault has occurred
1’b1: A sensed OT fault has occurred

an over-temperature (OT) fault has occurred. If the
the OT fault limit set by

Indicates whether a fault type detected by FAULT_TYPE has occurred.

3’b00x: No fault has occurred

3’b010: A GOK fault has occurred

3'b011: A FET DS/GS short fault has occurred

3'b100: An over-temperature fault (145°C limit) or OV fault (18.5V limit) has
occurred

3’b101: An OC fault based on Vcs has occurred

3’b110: Short-circuit fault

The FAULT_RECORD_LAST stores the last system fault. The related bit is set to 1 if the fault has
occurred, and it can be cleared by sending an 08h command after being stored to the NVM.

Command | FAULT _RECORD_LAST
Format Unsigned binary
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access R R R R R R R R R R R R R R R R
Function X X X X
Bits Bit Name Description
15 RESERVED Unused. X indicates writes are ignored and reads are always O.
Indicates whether a CRC fault has occurred. While storing the operating memory
data to the NVM, the MP5990 calculates a CRC code for each bit and saves the
final CRC code to the NVM. When restoring the NVM data to the operating
memory, the MP5990 recalculates the CRC code for each bit. The MP5990
14 NVM CRC FAULT checks the CRC results when the restoration process is complete. If the CRC
- - result does not match what is stored in the storing process, the VR shuts down
and this bit is set.
1’b0: No NVM CRC fault has been detected
1’b1: An NVM CRC fault has been detected
While restoring data from the NVM to the memory, the device checks the
signature register in address 00h of the NVM first. If the signature register is
13 NVM SIG FAULT 0x1234, the restoration process stops immediately and this bit is set.

1’b0: No NVM signature fault has occurred
1’b1: An NVM signature fault has occurred
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RESERVED

OTP_CONTROLLER_
FAULT

MAX_SS_FAULT

RESERVED

VIN_OV_FAULT

RESERVED

SLAVE_GOK_FAULT

IOUT_OC_FAULT

VIN_UVLO_FAULT

OT_SENSED_FAULT

FAULT_TYPE

CLEAR_MTP_FAULT (FEh)

The CLEAR_MTP_FAULT command clears the NVM fault. The NVM fault contains the signature fault
and CRC fault. When restoring information from the NVM, there may be an NVM signature fault or a
CRC fault. If this command is sent, the device ignores any faults and the system operates normally.

Unused. X indicates that writes are ignored and reads are always 0.

Indicates whether the controller experiences an over-temperature (OT) fault.
Once the controller’'s temperature exceeds its OT threshold, this bit is set.

1’b0: No controller OT fault has occurred
1’b1: A controller OT fault has occurred

Indicates whether the slave experiences a maximum SS fault. If the SS pin is still
low when the maximum soft start time ends, this bit is set.

1’b0: No maximum SS fault has occurred
1’b1: A maximum SS fault has occurred

Unused. X indicates that writes are ignored and reads are always 0.

Vin over-voltage (OV) fault indicator. If the sensed Vin exceeds the Vin OV fault
limit, this bit is set.

1’b0: No Vin OV fault has occurred
1’b1: A Vin OV fault has occurred

Unused. X indicates that writes are ignored and reads are always O.

Indicates whether a slave GOK fault has occurred. If a slave has faults, GOK
pulls low and this bit is set.

1’b0: No slave faults have occurred
1’b1: A slave fault has occurred

Indicates whether an lout over-current (OC) fault has occurred. If loutr OCP
occurs, this bit is set and latched. Send a CLEAR_FAULTS (03h) command to
reset this bit.

1’b0: No lout OC fault has occurred
1’b1: An lout OC fault has occurred

Indicates whether a Vin under-voltage (UV) fault has occurred. C4h, bit[7] selects
whether to report this fault. If the sensed Vin falls below the Vi falling threshold
after EN pulls high, this bit is set.

1’b0: No Vin UV fault has occurred
1’b1: A Vin UV fault has occurred

Indicates whether an over-temperature (OT) fault has occurred. If the
temperature sensed via VTEMP exceeds the OT fault limit set by
OT_FAULT_LIMIT (4Fh), this bit is set.

1’b0: No sensed OT fault has occurred
1’b1: A sensed OT fault has occurred

FAULT_TYPE has six types:

3’b00x: No fault

3'b010: GOK fault

3'b011: FET DS/GS short fault

3’b100: Over-temperature fault (145°C limit) or OV fault (18.5V OV limit)
3'b101: Vcs based on OC fault

3’b110: Short-circuit fault
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APPLICATION INFORMATION

Selecting the Current Limit Resistor (Rcs)

The MP5990’s normal current limit should
exceed the normal maximum load current to
allow for tolerances in the current-sense value.
The current limit (Iumt) can be calculated with
Equation (9):
— VOCREF 5
ILIMIT_ R—><10 (A) (9)

Cs

Where Vocrer is the current limit reference
voltage when the MOSFET works in linear
mode, and Rcs is the resistor from CS to
ground (in Q).

If Rcs is set to 3kQ, and VocRer is 1.2V, then the
optimal current limit is about 40A. When Vocgrer
is 0.3V, the current limit is about 10A.

Setting the Current Monitor (IMON)

The MP5990 provides a MOSFET current-
monitoring function. Connect a resistor to
ground to set the lour gain.

In standalone applications with the MP5990, the
IMON resistor should exceed the value of the
CS resistor.

To achieve current balancing during start-up
when the MP5990 and MP5991 are used in a
multi-phase parallel application, connect IMON
and CS (see Figure 24).

cs
IMON
MP5990 Rcs

GND

RIMON

cs
. IMON
MP5991 Rcs

GND

RIMON

VIMON

cs
IMON
MP5991 Res

GND

F\)IMON

Rimon = Res
Rcs

R —
IMON_AVG
- N

Figure 24: IMON and CS Connection with
MP5990 and Multiple MP5991s in Parallel
Application

The equivalent average IMON resistor
(RlMON_AVG) can be calculated with Rcs / N,
where N is the active parallel number.
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PCB Layout Guidelines
Efficient PCB layout is critical for optimal IC

performance.

A 4-layer layout is strongly

recommended to improve thermal performance.
For the best results, refer to Figure 25 and
follow the guidelines below:

1.

Place the MP5990 close to the board’s
input connector to minimize trace
inductance.

Place a small capacitor (Ciy, about 100nF)
close to VIN and GND to minimize
transients, which may occur on the input
supply line. Note that transients of several
volts can occur when the load current is
shut off.

Place a 1puF capacitor as close to VDD33
as possible.

0000

0000

I ouT COPPER PGND

VIN COPPER AGND

4.

I I Components on Top Layer

onents on Bot Layer

Keep the high-current path from the board’s
input to the load, and the return path, close
to one other (and in parallel) to minimize
loop inductance.

Place an analog signal ground (AGND)
plane locally in the MP5990 and connect it
to the PCB power ground planes at a single
point.

Add vias to improve thermal performance.

Place a minimum of 9 vias on the bottom
VIN pad.

Place a minimum of 12 vias close to the
MP5990’s VIN pads at the IC edge.

Place a minimum of 9 vias close to the
MP5990’s VOUT pads.

0000

®e®0® ®00®

o PGND Via

() vourvia O  signalVia

Figure 25: Recommended PCB Layout (Placement and Top Layer PCB)
VIN TVS Diode: SMDJ13A
VOUT Diode: MBRA340T3G for single MP5990, MBRS540T3G for parallel operation
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PACKAGE INFORMATION
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CARRIER INFORMATION

/OOOOOOOO

Pl n 1 —> 1 ° 1 ° 1 ° 1 PS
Reel ABCD ABCD ABCD ABCD
Diameter

—

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel C.?;S:r C.?;S:r
Description Reel Tube Tray Diameter Width Pitch
MPS990GMA- LGA-45 5000 N/A N/A 13in 16mm 8mm
XXXX-Z (5mmx7mm)
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 5/18/2022 Initial Release -
Updated Figure 5: Changed SS voltage from “250mV” to
“ ¢l 21
340mV
Updated the PMBus/I?C Transmission Structure section:
Added description of the register and ALT# pin behavior 31
if the PEC is incorrect
Updated IOUT_CAL_OFFSET (39h) format to two’s 38
complement
Updated STATUS_CML (7Eh), bit[5]: Changed “If the
PEC byte sent to the controller during...” to “If the PEC 47
byte sent to the MP5990 during...”
e Updated READ_VOUT (8Bh) to Linearll format
e Updated READ_TEMPERATURE (8Dh) to direct 49
11 4/19/2024 format
' e Updated REV_CONST (9Bh) to unsigned binary
format 51
e Updated READ_VIN_PEAK (Alh) to Linear1l1 format
Updated READ_IOUT_PEAK (A6h) to Linearll format 52
Updated READ_TEMP_PEAK (AFh) to direct format 53
Added to ON_HICCUP_DLY (C7h), bits[8:0]: “Do not set
the hiccup delay time to Oms, regardless of whether 56
latch-off mode or hiccup mode is selected.”
Updated CFG_EXT (F5h) description from “MP5900” to 63
“MP5990”
Updated CLEAR_MTP_FAULT (FEh): Changed “The
CLEAR_NVM_FAULT command...” to “The 67
CLEAR_MTP_FAULT command...”

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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.

MP5990 Rev. 1.1 MonolithicPower.com 72
4/19/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



