MPQ70700FS

MPSafe™, ASIL-D, 5.5V PMIC with

5LDOs, 4 GPIOs, and 2 Voltage Monitors

for SoCs, AEC-Q100 Qualified

DESCRIPTION

The MPQ70700FS is a functional safety power
management IC designed to power a variety of
system-on-chips (SoCs) or safety
microcontroller units (MCUs) that require
multiple low-dropout (LDO) regulators.

Five LDO linear regulators can provide up to
400mA of load current (ILoap) per channel. Three
independent voltage inputs allow different input
voltage (Vin) levels to optimize dropout for their
respective outputs. The MPQ70700FS provides
four GPIO pins that can be used for power
sequencing, as well as two voltage monitors,
including one differential monitor to monitor two
external voltage rails.

Protection features include under-voltage
lockout (UVLO), over-current protection (OCP),
under-voltage protection (UVP), over-voltage
protection (OVP), and thermal shutdown.

Safety mechanisms such as a built-in self-testing
(BIST) provide high diagnostic coverage, which
help the system achieve its target ASIL rating.
The MPQ70700FS is developed under MPS’s
advanced MPSafe™ Functional Safety Product
Development process, which has been
independently certified to meet ISO 26262
guidelines.

The I1?2C interface with packet error checking
(PEC) and integrated one-time programmable
(OTP) memory allow for configurability.

The MPQ70700FS is available in a TQFN-25
(5mmx5mm) package with wettable flanks, and
is available in AEC-Q100 Grade 1.

FEATURES

o Designed for Automotive Applications

o 2.8V to 5.5V Operating Input Voltage
(Vink) (Where x = 1 to 3)

o -40°C to +150°C Operating Junction
Temperature (T;)

o Available in AEC-Q100 Grade 1

o Available in a TQFN-24 (5mmx5mm)
Package

o Available with Wettable Flanks

FEATURES

¢ High Integration Reduces Board Size
o x5400mA LDOs
o x4 GPIOs
= X2 General-Purpose Input/Output
= X2 General-Purpose Outputs
= X2 Voltage Monitors
= x1 Differential Monitor
= X1 Single-Ended Monitor
o Comprehensive Protection Features
o OVP and UVP
o Over-Current Protection (OCP)
o Thermal Shutdown Protection
o Power-On Reset (POR) and Error
Indicator
o Error Signal Input Detection
o I?C Interface with PEC
e Configurability for Flexibility
o Multi-Page OTP Memory
o Adjustable Output Voltage (Vour) via
Registers
o Configurable Sequencing
e Functional Safety
o 1S0 26262 ASIL-D Hardware Capable
o Built-In Self-Testing (BIST)
o Over-Voltage (OV) and Under-Voltage
(UV) Monitor

o Clock Monitor

o Window and Q&A Watchdog Timer

o Protected Registers

o Documents Available for ISO 26262
System Design

o Failure Modes Effects and Diagnostic
Analysis (FMEDA)

o Safety Manual

‘ Developed for Functional Safet
'V'Psafeg ApplicaFt)ions: ISO 26262 CompI)i/ant

APPLICATIONS

e Automotive Advanced Driver-Assistance
System (ADAS) System-on-Chips (SoCs)

e Safety Microcontroller Units (MCUS)

e General-Purpose Secondary Regulation

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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TYPICAL APPLICATION
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

ORDERING INFORMATION
Part Number* Package Top Marking MSL Rating***

MPQ70700F SGUTE-XXXXAEC1** %k TQFN-24
(5mmx5mm)

* For Tape & Reel, add suffix -Z (e.g. MPQ70700FSGUTE-xxxxAEC1-Z).

** “xxxx” is the configuration code identifier for the register settings stored in the OTP register. The default code is
“0001”. Contact an MPS FAE to create this unique number.

*** Moisture Sensitivity Level Rating
*rrx \Wettable Flanks

See Below 1

TOP MARKING

MPSYYWW
MP70700
LLLLLLL
E

MPS: MPS prefix

YY: Year code

WW: Week code

MP70700: Part number

LLLLLLL: Lot number
E: Wettable flank

PACKAGE REFERENCE

TOP VIEW
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

PIN FUNCTIONS

Pin # | Name Type |Description

Power management IC (PMIC) enable. EN is the input pin that controls power-up
or power-down on the channels. If the EN pin voltage (Ven) exceeds 1.3V, then all
1 EN I the low-dropout (LDO) regulators (LDO1, LDO2, LDO3, LDO4, and LDO5) and the
GPIO pins (GPIO1, GPIO2, GPIO3, and GPIO4) initiate the power-up sequence. If
Ven drops below 0.4V, then the MPQ70700 enters the power-down sequence.

LDO1 output. The VOUT1 pin is powered by the LDO1 and internal circuit supply
input voltage (Vin1). See the VREF_LDOL1 (21h) command on page 87 for the LDO1
2 VOUT1 PWR |output voltage (Vour1) setting. A 4.7uF ceramic capacitor is recommended for the
output. If VOUT1 is not used, disable LDO1 via the CHANNEL_EN (18h) command,
then float the pin.

LDO1 and internal circuit supply input voltage. The three VIN pins (VIN1, VIN2,
and VIN3) are not connected together internally. For functional safety, all VIN pins
must start up at the same time and test safety-related functions. The MPQ70700FS
operates from a 2.8V to 5.5V input rail. A 470nF ceramic capacitor (0402) must be
placed as close as possible between the VIN1 and GND pins to decouple the input
rail. Meanwhile, place a 1uF to 10uF ceramic capacitor between the VIN1 pin and
ground. VIN1 is the main input of the PMIC, supply for LDO1, and the internal circuit.
If Viny, Vinz, and Vinz exceed their respective under-voltage lockout (UVLO)
thresholds, then the MPQ70700FS can work normally. It is recommended to connect
all the VIN pins using a wide PCB trace if there is no special input requirement.

4 GND GND |Power ground. Connect the GND pin to power ground using a single trace.

General-purpose input/output (I/O) 1. GPIO1 is an open-drain pin, and can be
configured as an input pin or output pin via the GPIO_CFG (1Bh) command.

Input: If configured as an input pin, GPIO1 can enable the LDOs’ output voltage
(Voutx) (where x = 1 to 5) channels and other GPIO outputs (where GP102, GPIOS3,
and GPIO4 are the output pins) via the EN2_GROUP (17h) command. In sleep
mode, when the GPIO1 input voltage (Verio1) exceeds 1.3V, the controller's LDO
regulators (LDO1, LDO2, LDOS3, LDO4, and LDO5) and other GPIO outputs (where
5 GPIO1 /0 |GPIO2, GPIO3, and GPIO4 are the output pins) initiate the sleep mode exit
sequence. In active state, when Verio1 drops below 0.4V, the controller's LDO
regulators and GPIO pins initiate the sleep mode entry sequence.

Output: If configured as an output pin, a pull-up resistor (e.g. 100kQ) must be added
between the GPIO1 pin and a power supply (e.g. Vout1). GPIOL1 is used as the
sequencer output, and configures the power-up and power-down timing sequences
via the SEQ_GPIO1 (1Dh) command. If not used, configure GPIO1 as the output
and connect the pin to ground.

General-purpose output 2. GPIO2 is an open-drain pin. It is used as the sequencer
output, and configures the power-up and power-down timing sequences via the
SEQ_GPIO2 (1Eh) command. GPIO2 should be connected to a power supply (e.g.
Vour1) via a resistor (e.g. 100kQ). If it is not used, connect the pin to ground.

General-purpose I/O 3. GPIO3 is an open-drain pin, and can be configured as an
input pin or output pin via the GPIO_CFG (1Bh) command.

Input: If configured as an input pin, then GPIO3’s input voltage controls Vouri. Vout1
is 3.3V when GPIO3 is pulled down below 0.4V, and Vour: is 1.8V when the GPIO3
pin voltage (Verios) exceeds 1.3V.

Output: If configured as an output pin, GPIO3 is used as the sequencer output, and
configures the power-up and power-down timing sequences via the SEQ_GPIO3
(1Fh) command. GPIO3 should be connected to a power supply (e.g. Vourt1) via a
resistor (e.g. 100kQ). If not used, configure GPIO3 as the output and connect the
pin to ground.

3 VIN1 PWR

6 GPIO2 @)

7 GPIO3 I/O
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

PIN FUNCTIONS (continued)
Pin # | Name Type |Description

General-purpose output 4. GP1O4 is an open-drain pin. It is used as the sequencer
output, and configures the power-up and power-down timing sequences via the
SEQ_GPIO4 (1Fh) command. GPIO4 should be connected to a power supply (e.g.
Vourt1) via a resistor (e.g. 100kQ). If it is not used, connect the pin to ground.

LDO2 output. The VOUT2 pin is powered by the LDO2 and LDO3 supply voltage
input voltage (Vinz). See the VREF_LDO2 (24h) command on page 89 for the LDO2
9 VOUT2 PWR | output voltage (Voutz) setting. A 4.7uF ceramic capacitor is recommended for the
output. If VOUT2 is not used, disable LDO2 via the CHANNEL_EN (18h) command,
then float the pin.

LDO2 and LDO3 supply input voltage. The three VIN pins (VIN1, VIN2, and VIN3)
are not connected together internally. For functional safety, all VIN pins must start
up at the same time and test safety-related functions. The MPQ70700 operates from
a 2.8V to 5.5V input rail, and requires a ceramic capacitor to decouple the input rail.
In addition, place a 1uF to 10uF ceramic capacitor between the VIN2 pin and ground.
VIN2 can be used separately from VINZ1, but all VIN pins must power up at the same
time. It is recommended to connect all VIN pins using a wide PCB trace if there is
no special input requirement.

LDO3 output. The VOUT3 pin is powered by Vinz. See the VREF_LDO3 (27h)
command on page 90 for the LDO3 output voltage (Vourts) setting. A 4.7uF ceramic
capacitor is recommended for the output. If VOUT3 is not used, disable LDOS3 via
the CHANNEL_EN (18h) command, then float the pin.

Open-drain error output 2. An external pull-up resistor (e.g. 100kQ) is required to
12 ERRO2 @) connect the ERRO2 pin to power supply rail (e.g. Vin1). This pin asserts active low if
a related error occurs. If ERRO2 is not used, then connect this pin to ground.

Monitor input 2. The VMON2 pin can be enabled via the MON2_MODE (3Bh)
command. VMON2 can monitor over-voltage (OV) and under-voltage (UV)
conditions for external voltages with a configurable threshold. The monitor OV and
UV thresholds can be set via the MON2_OV_VTH (39h) and MON2_UV_VTH (3Ah)
commands, respectively. If VMON2 is not used, disable the pin, then connect it to
ground.

Differential monitor negative input 1. The VMONI1- pin sets the negative input of
the differential voltage, and can be enabled via the MON1_ MODE (38h) command.
The VMON1- pin voltage (Vmoni-) must be below 0.3V. The differential monitor input
14 | VMON1- I voltage 1 (Vmoni) can monitor OV and UV conditions for external voltages with a
configurable threshold. The monitor OV and UV thresholds can be set via the
MON1_OV_VTH (36h) and MON1_UV_VTH (37h) commands, respectively. If
VMONZ1- is not used, disable the pin, then connect it to ground.

Differential monitor positive input 1. The VMON1+ pin sets the positive input of
the differential voltage, and can be enabled via the MON1_MODE (38h) command.
Vwmon1 can monitor OV and UV conditions for external voltages with a configurable

8 GPIO4 O

10 VIN2 PWR

11 VOUT3 PWR

13 VMON2 I

15| VMON1+ I threshold. The monitor OV and UV thresholds can be set via the MON1_OV_VTH
(36h) and MON1_UV_VTH (37h) commands, respectively. If VMON1+ is not used,
disable the pin, then connect it to ground.
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

PIN FUNCTIONS (continued)

Pin# | Name | Type |Description

Power-on reset (POR). The POR pin is an open-drain error output. An external pull-
up resistor (e.g. 100kQ) is required to connect this pin to a power supply rail (e.g. Ving).
POR is active low by default. After all LDOs’ Voutx exceed the respective POR
thresholds, POR must remain asserted low within the POR delay time (tror_peLay),
which is set via the POR_CTL_DLY (35h) command, before POR reasserts (low to
high transition). The POR threshold can be set via the PORx_CTL_CTH commands
(where x = 1 to 5) (30h to 34h) for each LDO. If a watchdog failure occurs, then POR
inserts a low pulse configured via the WDT_CFG (4Bh) command and holds for a set
time (tror peLAY) before recovering high. If POR is not used, then connect this pin to
ground.

I2C interface clock input. An external pull-up resistor (e.g. 100kQ) is required to
17 SCL I connect the SCL pin to a 3.3V power supply rail. If SCL is not used, then connect this
pin to ground.

I2C interface data I/0. An external pull-up resistor (e.g. 100kQ) is required to connect
18 SDA /0 |the SDA pin to a 3.3V power supply rail. If SDA is not used, then connect this pin to
ground.

Open-drain error output 1. An external pull-up resistor (e.g. 100kQ) is required to
19 | ERRO1 o connect the ERROL pin to the power supply rail (e.g. Vin1). ERRO1 asserts active low
if a related error occurs. If ERROL is not used, then connect this pin to ground.

LDO4 output. The VOUT4 pin is powered by the LDO4 and LDOS5 supply input voltage
(Vinz). See the VREF_LDO4 (2Ah) command for the LDO4 output voltage (Voura)
setting. A 4.7uF ceramic capacitor is recommended for the output. If VOUT4 is not
used, disable LDO4 via the CHANNEL_EN (18h) command, then float this pin.

LDO4 and LDO5 supply input voltage. The three VIN pins (VIN1, VIN2, and VIN3)
are not connected together internally. For functional safety, all VIN pins must start up
at the same time and test safety-related functions. The MPQ70700FS operates from
a 2.8V to 5.5V input rail, and requires a ceramic capacitor to decouple the input rail.
In addition, place a 1uF to 10uF ceramic capacitor between the VIN2 pin and ground.
VIN3 can be used to separately from VINL, but all the VIN pins must start up at the
same time. It is recommended to connect all VIN pins using a wide PCB trace if there
is no special input requirement.

LDO5 output. The VOUT5 pin is powered by Vins. See the VREF_LDOS5 (2Dh)
command on page 93 for the LDO5 output voltage (Vours) setting. A 4.7uF ceramic
capacitor is recommended for the output. If VOUT5 is not used, disable LDO4 via the
CHANNEL_EN (18h) command, then float this pin.

I°C address setting. The MPQ70700FS provides a 7-bit I1°C address from 0x00 to
Ox7F. The low 2 least significant bit (2LSB) I°C address is determined using different
23 ADDR | PWR |external ADDR resistors connected to ground or VIN1. See the 12C_ADDRESS_PIN
bits (51h, bits[1:0]) on page 105 for more details. The high 5LSB I°C address is set via
the 12C_ADDRESS_NVM bits (51h, bits[6:2]).

Error input. ERRIN is an open-drain pin. The MPQ70700FS provides an error input
function. If the error input signal is configured as a low valid signal and the ERRIN pin
voltage (Verrin) drops below 0.4V, then the ERRO2 and POR pins are asserted after
the ERRIN delay time. If the error input signal is configured as a high valid signal and
24 ERRIN I VerriNn €xceeds 1.3V, then the ERRO2 and POR pins are asserted after the ERRIN
delay time. The error signal's active status can be configured low or high via the
ERR_MODE (14h) command. The ERRIN delay time is also configured via the
ERR_MODE command. If ERRIN is not used, then configure this pin active high, then
connect it to ground.

16 POR O

20 | VOUT4 | PWR

21 VIN3 PWR

22 VOUTS5 | PWR

i Exposed ) Exposed thermal power pad. Connect the exposed pad (EP) to the ground plane for
pad optimal heat dissipation. Do not use EP as the primary electrical ground connection.
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ABSOLUTE MAXIMUM RATINGS @

Al PINS oo -0.3V to +6V
Continuous power dissipation (Ta = 25°C) @ ()
TQFN-24 (5mmx5mm).......cccccccuvvreerinnnnnn. 5.48W
Operating junction temperature (T3).......... 150°C
Lead temperature..........ccccceeeviiivivneeneeenn. 260°C
Storage temperature................. -65°C to +150°C
ESD Ratings

Human body model (HBM)................. Class 2 ®

Charged-device model (CDM)........ Class C2b ©®)

Recommended Operating Conditions

Supply voltage (Vinx) «.ooecvveeeeeeeeeennnns 2.8V to 5.5V
Output voltage (Vipox) ..ceeeeeeeeeeeeenenn. 0.5V to 3.6V
Operating junction temp (Ta)..ceooeeeiiiiiiiininnn,

Thermal Resistance 0;a 0Oic

TQFN-24 (5mmx5mm)

JESDS51-7 i, 28.1...3.1...°C/W ®

EVQ70700FS-UT-00A........ 22.8..cen... .. °C/W ™
Wr

JESDS1-7 .o 0.9...°C/W ©®

EVQ70700FS-UT-00A........ccvvnneee. 3....°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, 8,4, and the ambient temperature,
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T;
(MAX) - Ta) / 6;a. Exceeding the maximum allowable power
dissipation may generate excessive die temperature, which
can cause the regulator to go into thermal shutdown. Internal
thermal shutdown circulitry protects the device from permanent
damage.

3) T, is between -40°C to -15°C. V\\ is not recommended to
exceed 5V from the off state to normal idle state.

4) Per AEC-Q100-002.

5) Per AEC-Q100-011.

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

7) Measured on an MPS standard EVQ70700FS-UT-00A, a 20z
copper, 4-layer PCB (7.6cmx7.6cm). The W;r value shows the
thermal characterization parameter from junction-to-case.

MPQ70700FS Rev. 1.0
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin =5V, Ven = 2V, T3 = -40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameter

’ Symbol ’ Condition

’ Min ’ Typ ’ Max ‘Units

Input Supply Voltage

LDO1 and internal circuit
supply voltage input voltage
(Vin1) under-voltage lockout| V™-U¥Lo 2.6 2.8 3 v
(UVLO) rising threshold
Vit UVLO hysteresis V'N:—YUSVLO— 200 mv
Input voltage (Vinx) (where
x = 1 to 3) over-voltage VINx_OV_R 5.55 5.75 5.95 \%
(OV) rising threshold
Vinx OV falling threshold Vinx_ov_F 55 57 5.9 \/
EN1 =0V, EN2 = 0V, I?C enabled,
lo_orr wic |all LDOs enabled, lout = 0A, 180 A
VMON1/2 disabled
VIN1/2/3 shutdown current ;
EN1 =0V, EN2 = 0V, I?C disabled,
lo orr nic | all LDOs enabled, lout = 0A, 150 HA
VMON1/2 disabled
EN1 =2V, EN2 =2V,
VIN1/2/3 quiescent current lo on all LDOs enabled, lout = 0, 3 mA
Ty =25°C
Penta Linear Regulator (LDO1, LDO2, LDO3, LDO4, and LDO5)
LDOx (where x = 1 to 5) v MODEDO,12.5mV/step 0.5 1.0375 V
output voltage range ® @ | YOUTRNCE Ty apET 5omv/step 1 3.6 Y,
Relative to the VREF_LDOx bits
(where x = 1 to 5) (21h, 24h, 27h,
| 2Ah, and 2Dh, bits[5:0]), Vinx = 5V,| -2.5 +25 | %
LDOx outgg)t voltage Vourx ace | Vour> 0.75V,
accuracy loutx = 0.1MA - 400mA
Vinx = 5V, Voutx < 0.75V,
loutx = 0.1MA - 400mA -18.75 +18.75| mv
LDOx output current limit lourx_Lmim | Vinxg = 5V 420 500 580 mA
LDOx over-current
protection (OCP) debounce | tioox oc pes 10 80 us
time range ® ©)
. Relative to the
;Egj’r(agc(g debounce time | tioococ. || 5o 6c DEBOUNCE bits (3Eh, -10 +10 | %
y DEBACC | hits[3:2])
LDOx soft-start (SS) rising
Coutx = 4.7uF, from 10% x Vourx to
(ssl)e(g;/ rate voltage range Voutx_ss 90% X Vours 0.625 66.6 | mV/us
. Relative to LDOx_SS SLEW_ RATE
;E(gfais fising slew rate | Vourcss_ | pite (where x = 110 5) (22h, 25h, 28h, | -15 +15 | %
y ACC 12Bh, and 2Eh, bits[5:3])
Vinx = 3.2V, Voutx = 3.3V,
LDOx dropout voltage VDROP_LDOX loute = 400mMA 60 100 mV

MPQ70700FS Rev. 1.0
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =5V, Ven = 2V, T3 = -40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

threshold range ® ©)

Parameter Symbol |Condition Min Typ Max | Units
Vinvaiz is powered separately and
independently, Vinyz = 3.3V,
LDOL PSRR performance PSRRik_ |Vourz = 1.8V, lourz = 10mA to
under 1kHz noise input ! ~| 40 dB
signal ® (o) LDO1 350mA, Cina = 100nF x2, Cinais =
9 100nF, Couri = 4.7uF + 100nF,
fsw = 1kHz
Vinwziz IS powered separately and
LDO2 and LDO3 PSRR PSRR independently, Vinz = 3.3V, Vourx =
performance under 1kHz - 11.8V, loutx = 10mA to 350mA, Cin2 =| 60 dB
noise input signal ® (0 tDO23 1220nF x3, Ciws = 100nF, Coutx =
4.7uF + 100nF, fsw = 1kHz
Vinvziz is powered separately and
LDO4 and LDO5 PSRR PSRR independently, Vins = 3.3V, Voutx =
performance under 1kHz - 11.8V, loutx = 10mA to 350mA, Cina =| 60 dB
noise input signal ® 10 LDO4s 220nF x3, Ci1z2 = 100nF, Coutx =
4.7uF + 100nF, fsw = 1kHz
. . Relative to the VREF_LDOX bits
(11) — ! - 0
Line regulation Vin = 2.8V t0 5V, lour = 10mA ! i e
Output discharge LDOx output discharge function is
resistance Roischarce enabled 120 Q
LDO over-voltage
protection (OVP) and t
under-voltage protection Lo 10 80 Hs
(UVP) debounce time OVPIUVP_DEB
range ® ©)
Relative to the LDOx_DEBOUNCE
;2& l%\éz 3:1% gggjrac o | "2°-2""- | bits (where x = 110 5) (3Eh, 41h, 44h, | -10 +10 | %
y DEBACC | 47h, and 4Ah, bits[1:0])
Dual General-Purpose Input/Output (GPIO1 and GPIO3)
GPI01/3 input high ViH_cPiow/3 1.35 Vv
GPI101/3 input low ViL_cpiows 0.4 \
GPIO1/3 output low VoL_cpioi3 0.1 \%
GPIO1/3 leakage current Iepio13 Lk | Vepiows = 5V 150 nA
Dual General-Purpose Output (GPIO2 and GPIO4)
GPI02/4 output low VoL_cpioz/a 0.1 \%
GPI0O2/4 leakage current Iepio2i4 Lk | Vepio2i4 = 5V 150 nA
Two Voltage Monitors (Differential VMON1 and Independent VMON2)
VMONX (where x =1 or 2)
QV rising threshold range VMoNx_ov 0.45 3.6375 \%
8) (9
VMONx UV talling VMONX_UV 0.45 3.6375| V

MPQ70700FS Rev. 1.0
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =5V, Ven = 2V, T3 = -40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
Relative to the MONx_OV_VTH
(where x = 1 to 2) (36h and 39h) and
VMONx OVP and UVP v MONx_UV_VTH (where x = 1to 2)| -5 +5 %
threshold accuracy @9 MONXACC | (37h and 3Ah) commands,
Vmonx_oviuv > 1V
Vmonx_oviuy < 1V -50 +50 mV
VMONx OVP and UVP tvmoNx_ovuv_
debounce time range ©® ©) DEB 10 80 HS
Relative to the MONx_DEBOUNCE
bits (where x = 1 to 2) (38h and 3Bh
YMOMX OVP and VB bits[1:0) and  MONX _MODE| -10 +10 | %
Y commands (where x = 1 to 2) (38h
and 3Bh)
VMON2, VMON1-, and _
VMON1+ pin impedance Rvmon | Vion = 5V ! MQ
Time Slot
g)e(g)uence time slot range tsLoT_RrANGE 100 6475 VS
Sequence time slot Relative to the TIME_SLOT (1Ch)| o
accuracy @ tslor.AcC | command 10 +10 %
Thermal Protection
Thermal warning Trw 110 130 150 °C
Thermal warning hysteresis| Trw_nvs 15 °C
Thermal shutdown Trsp 152 172 192 °C
Thermal shutdown R
hysteresis TTsp_Hvs 15 C
Low-Dropout (LDO) Output Over-Voltage Protection (OVP) and Under-Voltage Protection (UVP)
LDOx output OV rising| Voutx_ ov_
threshold range ® © RISING 0.45 36375V
Relative to the LDOx_OV_VTH
. commands (where x = 1 to 5) (3Ch, 0
LDOx output OV rising| Vouxt ov_ 3Fh 42h 45h and 48h) -5 +5 %
threshold accuracy AcC Vour ov RISNG > 1V ’
Voutx_ov_Rrising < 1V -50 +50 mV
LDOX output OV hysteresis Vofjgov— 40 mv
LDOx output UV falling| Vourx uv_
threshold range ©® © FALLING 0.45 36375V
Relative to the LDOx UV_VTH
. commands (where x = 1 to 5) (3Dh, 0
LDOx output UV falling| Voutxuv_ |40h 43h 46h and 49h) -5 +5 Yo
threshold accuracy °) ACC Vour U FaLLNg > 1V
Voutx_uv_FaLLing < 1V -50 +50 mV
LDOX output UV hysteresis VO:TYXS-UV— 40 mv
MPQ70700FS Rev. 1.0 MonolithicPower.com 10
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =5V, Ven = 2V, T3 = -40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
LDOx OVP and UVP tLoox_oviuv_
debounce time range ©® ©) DEB 10 80 HS
LDOx OVP and UVP Relative to the LDOx_DEBOUNCE o
- (8) . '10 +10 /0
debounce time accuracy bits
Fail-Recovery Delay Time
Fail-recovery delay time Transition from fail-recovery state
®) () traIL_REC_DLY entry to the next state 0.128 8.192 ms
Faﬂ—recovg)ry delay time Relat|v<_a tg the DLY_RCOV bits -10 +10 %
accuracy (1Ah, bits[5:0])
Enable (EN)
EN rising threshold ViH_en r | Level-sensitive input 1.13 1.23 1.33 \Y,
EN falling threshold ViLen_F | Level-sensitive input 0.4 0.44 0.48 \Y
EN threshold hysteresis 790 mV
EN input current len Ven = 2V 200 nA
Built-In Self-Testing (BIST)
Includes pre-loaded one-time
Power—qn reset .(POR) to programmable (OTP) memory with
ready with built-in self- tcre_we . de (ECC) BIST 20 ms
testing (BIST) error correcthn code ( ), ,
reload OTP with ECC
g)OR to ready without BIST tcre_ns | Includes pre-loaded OTP with ECC 5 ms
. AT _POR (19h, bits[1:0]) = 1 or
® —
BIST time AT_SHDN (19h, bit[4]) = 1 15| ms
Power-On Reset (POR)
POR delay time range ® © | (PORDLY. 0.128 32.768| ms
RANGE
. Relative tothe POR_CTL_DLY (35h)
® — — - 0
POR delay time accuracy ©® | tror pLY Acc command 10 +10 )
POR rising threshold range | ;. . .o 0.45 3.6375| V
Relative to PORx_CTL_CTH
POR rising  threshold| Vours ror_ |COMMands (where x = 1t05) (30hto| -5 5 | %
accuracy @0 ACC 34h), Voutx_por R > 1V
Voutx_por R < 1V -50 +50 mV
POR threshold hysteresis Vou;i—SPOR- 40 mv
POR output low VoL_ror 0.1 \%
POR pin leakage current lpor Lk | VPor = 5V 150 nA
Dual Error Output (ERRO1 and ERRO?2)
Error output low VoL erro \évgc 10kQ external pull-up resistor to 0.1 Vv
Error output delay time ¢ Transition from fault detection to 0 10 ms
range ® © ERRO_BLY 1 pulling ERRO1/2 low
Error output delay time| terro_pLy_ |Relative to the ERRO_DLY bits (14h, o
@) ; . -10 +10 %
accuracy ACC bits[1:0])
MPQ70700FS Rev. 1.0 MonolithicPower.com 11
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mP5 MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =5V, Ven = 2V, T3 = -40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
ERROL pin leakage current| lerro1_ke |VErRrROL = 5V 150 nA
Error Input
Error input high VIH_ERRIN 1.35 \Y
Error input low VIL_ERRIN 0.4 \%
Error inpbut delay time Transition from pulling the ERRIN
H i terrm oLy |pin low to the MPQ70700FS| O 10 | ms
range . .
detecting an error input fault
Error input delay time terrin_DLY_ |Relative to the ERRIN_DLY bits 10 +10 %
accuracy @ ACC (14h, bits[3:2])
ERRIN pin leakage current IERRIN VERrRIN = 5V 150 nA
System Clock
System clock frequency ferk 2.25 25 2.75 | MHz
System clock monitor System primary clock is normal 118 124 130 % of
threshold y P y 75 81 87 ferk
Watchdog
The WDT_OPEN (4Dh) command
value ranges between 0x00 and 1 32 ms
Ox1F, 1ms/step
Watchdoa open window The WDT_OPEN command value
® (%) P two_oren |ranges between Ox20 and Ox3F,| 34 96 ms
range
2ms/step
The WDT_OPEN command value
ranges between 0x40 and OxFF,| 98 864 ms
4ms/step
Watchdog open window two_oren_ |Relative to the WDT_OPEN o
(8) '10 +10 /0
accuracy ACC command
The WDT_CLOSE (4Ch) command
value ranges between 0x00 and 1 32 ms
Ox1F, 1ms/step
Watchdoa closed window The WDT_CLOSE command value
® (gg) two_cs |[ranges between O0x20 and Ox3F,| 34 96 ms
range
2ms/step
The WDT_CLOSE command value
ranges between 0x40 and OxFF,| 98 864 ms
4ms/step
Watchdog closed window Relatve to the WDT_CLOSE| o
accuracy ®@ two_cLs AcC | command 10 +10 %
I°C Logic Interface ®
SCL/SDA input logic low Vi 0.4 \%
SCL/SDA input logic high ViH 1.35 \%
SCL/SDA output logic low VoL With 10kQ external pull-up resistor 0.4 \Y,
SCL clock frequency fscL 1000 | kHz
SCL high time tHIGH 0.26 us
SCL low time tLow 0.5 us
Data set-up time tsu_pat 50 ns
MPQ70700FS Rev. 1.0 MonolithicPower.com 12
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MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)

Vin =5V, Ven = 2V, T3 = -40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Notes:

Parameter Symbol |Condition Min Typ Max | Units

Data hold time tHD_DAT 0 us

Set-up time for repeated

start command tsu_sTa 0.26 HS

Hold time for start

command tHD_sTA 0.26 us

Bus free time between a ¢ 05 s

start and stop command BUF ' H

Set-up time for stop

command tsu_sto 0.26 us

Rising time of SCL/SDA tr 120 ns
20 x

Falling time of SCL/SDA tF Vop supplies the I1°C (Voo / 120 ns
5.5V)

Pu_lse width of suppressed tsp 0 50 ns

spike

Capa_lmtance bus for each Ce 550 bF

bus line

8) Derived from bench characterization. Not tested in production.

9) Configurable via the I2C interface.

10) Not tested across the entire optional range. MPS only guarantees accuracy at a factory-trimmed level according to custom unique code.

11) Line regulation =

VOUTX[Vle_MAxJ ) VOUTX[Vle_MlN] x (

[Vinx_max - Vinx_min] X Voutx_nom
the minimum input voltage (Vinx min) Uses 5V instead of 2.8V to calculate line regulation.

%/V), where Voutx is the LDO output voltage that is tested at Viy = 5V. If Vourx exceeds 2.8V,

MPQ70700FS Rev. 1.0
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TIMING DIAGRAM

tsu_sto

S: Start Command
Sr: Repeated Start Command
P: Stop Command

Figure 1: I1°’C-Compatible Interface Timing Diagram

MPQ70700FS Rev. 1.0 MonolithicPower.com 14
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL CHARACTERISTICS

Vin =5V, Ta = -40°C to +150°C, unless otherwise noted.

VINX Quiescent Current vs.

VINXx Shutdown Current vs.

Temperature Temperature
25 150
140 o
20 130
= < 120 ~
T 15 < _ L~
£ = 110 - P
z & /
5 10 G 100 |—= =
o o 90
o
5 80 | ——1C enabled
70 ~——IC disabled ]
0 60 1 1 1
50 -25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
V\y1 UVLO Rising Threshold vs. Vy1 UVLO Hysteresis vs.
Temperature Temperature
2.805 205
2.800 S 200
< £
52795 / 9 195 \\
s 5
§ / :
>22.790 / 2 190
2.785 < 185 ™
/
2.780 180
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
LDOx Output Current Limit vs. LDOx Dropout Voltage vs.
Temperature Temperature
515 90
85
510 |
\ _. 80 1
< 505 N > 715 =
< £  Z
S = 70
= 500 X |
E ‘ 8 65 ]
s | ——LDO1 = ——LDO1
3 49 s 60 .
x ——LDO02 . S ——LDO02
3 49 | LDO3 ~_ S LDO3 |
485 | LDO4 — S0 I~ LDO4 |
——LDO5 45 — | DO5
480 40 \ | |
50 25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL CHARACTERISTICS (continued)
Vin =5V, Ta =-40°C to +150°C, unless otherwise noted.

Output Discharge Resistance vs.

Temperature
150
140 \
g 130 \\
¢ 120
£ 490 | ——Lpbo1 N
2 ~——LDO2 N
o ™
@ 100 |- LDO3 N
20 | LDO4 N
——LDO5 N
80 Il Il
50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C)
EN Falling Threshold vs.
Temperature
0.442
0.440
$0.438 N
20.436 ™~
o N
> N
>0.434 AN
0.432
0.430
50 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)

1.236
1.233
1.230

S 1.227

211224
El : ‘\
'1.221

S -
1.218
1.215
1.212

2.56

2.54

= 2.52

2 250
x

248

2.46

2.44

EN Rising Threshold vs.
Temperature

™~

.50 25 0 25 50 75 100 125 150
TEMPERATURE (°C)

System Clock Frequency vs.

Temperature
AT
A
/
7~
/ —— Primary Clock
4 Auilixary Clock
I I I I I
50 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

Line Regulation (LDO1)
Vour: = 3.3V, Coyry = 4.74F,

Cyint = Cuinz = Cying = 4.74F,
other channels disabled

Line Regulation (LDOZ2)
Vourz = 0.75V, Coyry = 4.7pF,

Cyint = Cuinz = Cying = 4.7WF,
other channels disabled

. 0.15 0.24
S S
= 0.10 < 0.17
Z z *\k
© 0.05 G 0.10 =
. I I S——
- 0.00 _ ‘ =
3 > .0.04 o~
3 005 2 Pad
o IOUT1=0mA x -0.11 " ——0UT2=0mA
w -0.10 ——I0UT1=10mA W _0.18 7 IOUT2=10mA
z ———|0UT1=100mA zZ pd IOUT2=100mA
J-0.15 —— IOUT1=200mA —.0.25 I0UT2=200mA
——0UT1=400mA —_— =
0.20 m 032 I0UT2=400mA
3.2 35 38 41 44 47 50 5355 2.5 3.0 35 4.0 4.5 5.0 55
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Line Regulation (LDO3) Line Regulation (LDO4)
Vours = 1.8V, Coyrs = 4.7uF, Vouta = 0.75V, Cyyrs = 4.74F,
Cuint = Cuinz = Cying = 4.74F, Cyini = Cuinz = Cying = 4.7F,
other channels disabled other channels disabled
= 0.25 S 025 ——10UT4=0mA
< 0.15 — < 0.20 IOUT4=10mA |
z —~— z IOUT4=100mA
©) ‘ — O 0.5 = IOUT4=200mA |
E 0.05 i —— = L —— I0UT4=400mA
< e S 010 | ‘ -
5| -0.05 ‘ S ] ‘ ‘ ) \\X&
o _ Q 0.05 =
015 ——IOUT3=0mA W \
ﬁ : ———|0UT3=10mA w 0.00 —
= P IOUT3=100mA Z —
5 -0.25 IOUT3=200mA J -0.05 — N
——— |OUT3=400mA
-0.35 -0.10
2.5 3 3.5 4 4.5 5 55 25 30 35 40 45 50 55
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Line Regulation (LDO5) Load Regulation (LDO1)
Vours = 0.75V, Coyrs = 4.74F, Vourt = 3.3V, Coyri = 4.74F,
Cyint = Cuinz = Cying = 4.70F, Cuini = Cuinz = Cying = 4.7uF,
other channels disabled other channels disabled
0.20 < 030 VIN=3.5V
—~ — g — =o.
£ 0.10 \'%\\ S 025 ———VIN=4.0V
o I 020 VIN=4.5V |
o) 0.00 ‘ ‘7 ‘\\ 8 \\ VIN=5.0V
= 0. i §|‘ < 0.15 I ——VIN=5.5V -
< \ _l N
3-0.10 3 010 SSuy, T
W A ——— IOUT5=0mA i 0.05 =N T [
W_0.20 —— - -
———|0UT5=10mA Q 0.00 =Ml 3 o
Y 0.30 o IOUT5=100mA S SR
= IOUT5=200mA =-0.05
0.40 ——— |0UT5=400mA 0.10
25 30 35 40 45 50 55 0.1 1 10 100 400
INPUT VOLTAGE (V) LOAD CURRENT (mA)
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,

Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3

LOAD REGULATION (%)

0.30
0.25
0.20
0.15
0.10
0.05
0.00
-0.05
-0.10

LOAD REGULATION (%)

80
70
60
50
40
30
20
10

0

Vorop_Lpo1 (MV)

Load Regulation (LDO2)
Vourz = 0.75V, Coyr, = 4.7YF,

VINL =

Cuinz = Cyng = 4.7F,

other channels disabled

Load Regulation (LDO3)
Vours = 1.8V, Coyrz = 4.7uF,
Cyuint = Cuinz = Cying = 4.7WF,
other channels disabled

0.50
e VIN=2.8V < ——VIN=2.8V
VIN=3.3V —— Z 0.40 \\;miigg —
VINAOV f O 0.30 (= VIN=5.0V
VIN=5.0V = \\ ——VIN=55V |
[ VIN=5.5V <02 [
) \ /
—— \\'\— 8 0.10 | N l \\ ”
— -l B SSGENSE
\// < _ — | ‘/
5-0.10
-
-0.20
0.1 1 10 100 400 0.1 1 10 100 400
LOAD CURRENT (mA) LOAD CURRENT (mA)
Load Regulation (LDO4) Load Regulation (LDO5)
Voura = 0.75V, Coyrs = 4.7uF, Vours = 1.8V, Coyrs = 4.74F,
vint = Cuing = Cying = 4.74F, Cuint = Cyinz = Cles = 4.7yF,
other channels disabled other channels disabled
0.5
——VIN=2.8V < ——VIN=2.8V
——VIN=3.3V | > 0.4 VIN=3.3V |
VIN=4.0V — 5 ~ VIN=4.0V ||
S~ VIN=5.0V = 03 T VIN=5.0V
Y ———VIN=5.5V *ﬁ < 02 P ———VIN=5.5V
NS 202 |
SO / 2 01 = S WA -y,
\ / x \ [
i < \/
™ . O -01 \C
|
-0.2
0.1 1 10 100 400 0.1 1 10 100 400
LOAD CURRENT (mA) LOAD CURRENT (mA)
Load Dropout Voltage (LDO1) Load Dropout Voltage (LDOZ2)
Vi = 3.2V, Vour = 3.3V, Coyry = 4.74F, Vinx = 3.2V, Vours = 3.3V, Cour, = 4.74F,
Cuini = Cyuinz = Cyyns = 4.7UF, other vint = Cuinz = Cyins = 4.7UF, other
channels disabled channels disabled
70
60
// S 50 Ve
L~ g 40 -
// 2l 30 /
(o]
[~ g //
L~ _\ LD‘Ol 10 e LDO2 |
| |
0

0 50 100 150 200 250 300 350 400

LOAD CURRENT (mA)

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,

Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

70
60
50
40
30
20
10

Vprop Lpoz (MV)

70
60
50
40
30
20
10

Vorop_Lpos (MV)

45
40
35
30
25
20
15
10

5

0

CASE TEMPERATURE RISE (°C)

Load Dropout Voltage (LDO3)
Ving = 3.2v, Vours = 3.3y, COUT3 =4.7uF,

Cuint = Cuinz = Cying = 4.7pF, other
channels disabled
L~ //
/
7
L~ g
] ——LDO3

7

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)

Load Dropout Voltage (LDO5)
Vi = 3:2V, Vours = 3.3V, Cours = 4.70F,

Cuint = Cuinz = Cying = 4.7uF, other
channels disabled
L~ //
A
e
L~ “
e ——LDO5

/

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)

Case Temperature Rise (LDO2)
Voure = 0.75V, Cyyry = 4.74F,

ving = Cuing = Cying = 4.7pF,
other channels disabled

//
/
P ]
=g ——VIN=3.3V
— ——VIN=5.0V

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)

Vprop_Lpos (MV)

CASE TEMPERATURE RISE (°C)

CASE TEMPERATURE RISE (°C)

70
60
50
40
30
20
10

21
18
15
12

o w o ©

35
30
25
20
15
10

5

0

Load Dropout Voltage (LDO4)
Vine = 3:2V, Voura = 3.3V, Coyra = 4.74F,
Cuint = Cuinz = Cyins = 4.74F, other
channels disabled

//
P
e
//
7 LDO4 1
L

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)

Case Temperature Rise (LDO1)
Vinx = 5V, Vouri = 3.3V, Coyry = 4.7uF,
Cuint = Cyinz = Cyuing = 4.74F, other
channels disabled

e

Pt

)
e

——VIN=5.0V
I

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)

"

L=

Case Temperature Rise (LDO3)
Vours = 0.75V, Coyrg = 4.7UF, Cying = Cyinz
= Cyng = 4.7yF, other channels disabled

A
/

e

V

yd
e |

L~ T

e | "]
L~ LT

e \/IN=3.3V
———VIN=5.0V

L=

/,
Y —

=

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 3.3V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, Cou'rs = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7[.|F, Ta = 25°C, unless otherwise noted.

45
40
35
30
25
20
15
10

CASE TEMPERATURE RISE (°C)
o

o

Case Temperature Rise (LDO4)
Voura = 0.75V, Coyry = 4.74F,

Cuint = Cuinz = Cles =4.7uF,

other channels disabled

/,/
—
/] ——VIN=3.3V |
/ VIN=5.0V |

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)

LDO1 PSRR

Va1 = 3.3V + Sine ripple, V, = 3.3V,
Vourt = 1.8V, Cjyy = 100nF X2, Cyp, =
100nF, Cy3 = 100nF, Cqyrq = 4.7uF +
100nF, other channels disabled

CASE TEMPERATURE RISE (°C)

Case Temperature Rise (LDO5)
Vours = 1.8V, Coyrs = 4.7uF,

Cyuint = Cuinz = Cying = 4.74F,

other channels disabled

35
30
25
20
15
]
10 L
VIN=3.3V |
T —VIN=5.0V

0 50 100 150 200 250 300 350 400
LOAD CURRENT (mA)

LDO2 PSRR

Vinys = 3.3V, V2 = 3.3V + Sine ripple,
Voure = 1.8V, Cjy; = 100nF, C,\, = 220nF
X3, Cing = 100nF, Coyrp = 4.7uF + 100nF,
other channels disabled

o 100 lo=35mA o 80
< 90 lo=175mA < 70 WREPTL
W 8o l0=350mA m il N
O 60— ="
S 70 2 \ \
E 60 |- 2%, E 50 b——
zZ | \ =
(<-(9 50 2 40 L]
= 40 : = 30 l0=35mA ™
<z( 30 == < 20 lo=175mA
o 20 5 l0=350mA
10 10 .
10 100 1000 10000 100000 10 100 1000 10000 100000
FREQUENCY (Hz) FREQUENCY (Hz)
LDO3 PSRR LDO4 PSRR
Vinys = 3.3V, V2 = 3.3V + Sine ripple, Vinz = 3.3V, V3 = 3.3V + Sine ripple,
Vours = 1.8V, Cy1 = 100nF, C\, = 220nF Vouta = 1.8V, Cjy1 = 100nF, Cy, = 100nF,
X3, Cn3 = 100nF, Cyyrg = 4.7uF + 100nF, Cinz = 100nF x2 + 220nF, Coyq = 4.7UF +
80 other channels disabled 80 100nF, other channels disabled
) \ o ‘
< 70 A e 70 nmd I
S 60 gt \ S 60 =T \
E s0 E 50 X
P pd \
S 40 : O 40
= - g l0=35mA
30 lo=35mA =~ 30 - T
= 10=175mA TN z 10=175mA |
< 20 < 20 _
O] 10=350mA o 10=350mA
10 : 10 :
10 100 1000 10000 100000 10 100 1000 10000 100000
FREQUENCY (Hz) FREQUENCY (Hz)
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

LDO5 PSRR

Vinge = 3.3V, V3 = 3.3V + Sine ripple,
Vours = 1.8V, Cjy; = 100nF, C,\, = 100nF,
Cins = 100nF x2 + 220nF, Coyrs = 4.7TuF +
100nF, other channels disabled

~ 80

o \

8—’ 70 v ﬂ\’

w AT /\

O 60 [ A

2

2 50 B

g 40

= 3 10=35mA o

z 20 lo=175mA

& 10=350mA

10 .
10 100 1000 10000 100000
FREQUENCY (Hz)
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|JF, Ta = 25°C, unless otherwise noted.

CHL: Ving
3V/div.

CH2: Vourt_Lpbo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vout Lbos
1V/div.

CH4: Vour Lpos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPI04
5V/div

CH1: Ving
3V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpos
1V/div.

CH4: Vour
1vidiv
CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div

CHL1: Ven ent
2V/div.

CH2: Vourt_Lpo1
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vout_Lpos
1V/div.

CH4: Vour Loos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div

Start-Up through VIN

lout1 = louT2 = louTs = louts = louts = 0A

10ms/div.

Shutdown through VIN

louTt1 = lout2 = louts = louTs = louts = OA

VIN

7 & |
/
.Vﬂ LDOs
ol
e el ol

; K |

Vo_LD0S

Moz
(]

o 8 0
10ms/div.

Start-Up through EN (EN1)
Vepio1_enz = 5V,
lout1 = lout2 = louts = louTs = louts = OA

. ENENY

2ms/div.

CH1: Ving
3V/div.

CH2: Vourt_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH®6: Vour_Lbos
1v/div.

CH4: Vourt_Lpos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

CH1: Vinx
3V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vour_Lpbos
1v/div.

CH4: Vour_Lbos
1vidiv.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

CH1: Ven_ent
2V/div.

CH2: Vourt_Lpoz1
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vout_Lpbos
1Vv/div.

CH4: Vour_Lpos
1vidiv.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

Start-Up through VIN
lout1 = lout2 = louTts = lout4 = louts = 0.4A
[] L1 |

10ms/div.

Shutdown through VIN
lout1 = louTt2 = louts = lout4 = louts = 0.4A

v K |

+
VIN

Vo_LDOS

10ms/div.

Start-Up through EN (EN1)
VeGpio1_Enz = 5V,
lout1 = lout2 = louTs = lout4 = louts = 0.4A

: x|
o ENCENY ‘
LD02_ e —
L ¥o LBOS
P S 0 O

2ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|JF, Ta = 25°C, unless otherwise noted.

CH1: Ven_ent
2V/div.

CH2: Vour Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vourt_Lpos
1V/div.

CH4: Vour
1vidiv
CH7: GPIO2
5V/div.
CH8: GPI04
5V/div

CH1: Ven Ent
2V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpbos
1V/div.

CH4: Vour
1vidiv

CH7: GPIO2
5V/div.
CH8: GPIO4
5V/div

CH1: Ven Ent
2V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH6: Vout_Lpos
1V/div.

CH4: Vour Lpos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPI104
5V/div

Start-Up through EN (EN1)

Vepio1_enz = 0V,

lout1 = lout2 = louTs = louts = louts = 0A

| ENENT

2ms/div.

Shutdown through EN (EN1)

Vepioi_enz2 = 5V,

lout1 = lout2 = louTs = louts = louts = OA

EN(ENY)

Vo_LDOS

2ms/div.

Shutdown through EN (EN1)

Vepior enz = 0V,

louT1 = louTt2 = louts = louTs = louts = 0A

., ENCENY)

\o,LD0?

|, Yo LDos

2ms/div.

CH1: Ven_ent
2V/div.

CH2: Vour oot
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vour_Lpbos
1v/div.

CH4: Vourt Lbos
1Vidiv.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

CH1: Ven Ent
2V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vour_Lpbos
1v/div.

CH4: Vour_Lbos
1vidiv.

CH7: GPIO2
5V/div.

CHB8: GPIO4
5V/div.

CH1: Ven ent
2V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vout_Lpbos
1Vv/div.

CH4: Vo Lbo3
1vidiv.
CH7: GPIO2
5V/div.
CH8: GPIO4
5V/div.

Start-Up through EN (EN1)

Vepio1_enz = 0V,

lout1 = lout2 = louTts = lout4 = louts = 0.4A

- ENENT

Vo LDOZ

| Vo LDOS

. GPIO?

i Eg T
BN s & Loe v dlonse ol o

2ms/div.

Shutdown through EN (EN1)

VeGprio1_En2 = 5V,

lout1 = lout2 = louTts = lout4 = louts = 0.4A

EN(ENT)

® 1002

Vo_LDOS

2ms/div.

Shutdown through EN (EN1)

Vepior enz = 0V,

lout1 = lout2 = louTs = lout4 = louts = 0.4A

5, EN(ENT)

]

No LDOZ

< Vo_LOOS

Grl0z

00 S
& 0 S o

2ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

Start-Up through GPIO1 (EN2)
VEN_EN1 = BV,
lout1 = lout2 = louts = louts4 = louts = OA

Start-Up through GPIO1 (EN2)
VEN_ENL = 5V,
lout1 = lout2 = louTts = lout4 = louts = 0.4A

[] K1 | [] “
4 4
CH1: Vepo1_enz . GPIOY(EN: CH1: Vepo1_enz o GPOMENDY
2V/div. 2V/div.
CH2: Vour_Lbo1 CH2: Vour oot B
2V/div. 2V/div.
CH3: Vour_Lpo2 e CH3: Vour_Lpo2 e u::.).-
500mV/div. - 500mV/div. o t—
CH6: Vour Lpos Vo_LDOS CH6: Vour Lpos Vo_LDGS
1V/div. 1v/div. |
CH4: Vout_Lpos CH4: Vout_Lpos
1vidiv 1Vidiv.
CH7: GPIO2 CH7: GPIO2 IR
5V/div. 5V/div.
CH8: GPIO4 CH8: GPIO4
5V/div 5V/div.

2ms/div.

Shutdown through GPIO1 (EN2)
VEN_ENL = 5V,
lout1 = lout2 = louts = louts4 = louts = OA

2ms/div.

Shutdown through GPIO1 (EN2)
VEN_EN1 = 5V,
lout1 = lout2 = louTts = lout4 = louts = 0.4A

] & | v ] |
CH1: Vepo1_enz GPION(EN2) d CH1: Vepo1 enz  GPIOTIENZ) )
2V/div. 2V/div.
CH2: Vour_Lpo1 CH2: Vour_Lpo1 S S NUS———
2V/div. 2V/div.
CHS3: Vout_Lpo2 \ CHS3: Vourt_Lpo2 e
500mV/div. S 500mV/div. o
CH6: Vour_Lpos Vo.LD0S CH6: Vour_Lpos o L005
1V/div. 1V/div.
CH4: Vour CH4: Vourt Lbos
1Vv/div 1V/div.
CH7: GPIO2 CH7: GPIO2
5V/div. 5V/div.
CH8: GPIO4 CH8: GPIO4
5V/div 5V/div
2ms/div. 2ms/div.
SCP Entry (LDO1) SCP Entry (LDO1)
Configure the MPQ70700FS to enter failsafe Configure the MPQ70700FS to enter failsafe
mode after LDO1 SCP entry, mode after LDO1 SCP entry,
lout1 = OA to short circuit, other lout = 0A lout1 = 0.4A to short circuit, other lout = 0.4A
& | K |
CH1: Vpor ; POR ha CH1: Vpor POR 4
2V/div. . 2V/div. B
CH2: Vour Lpo1 CH2: Vour_Lbo1
2V/div. A S N 2vidiv. R
CHS3: Vout_Lpo2 CH3: Vour_Lbo2
500mV/div. 500mV/div.
CH6: Vout_Lbos Vo_LD02 CH6: Vour_Loos R
1V/div. 1V/div.
L Yo_LDOS Vo_LDOS
CH4: Vour_Lbos CH4: Vour_Lbo3
1Vv/div 1V/div
CH7: GPIO2 CH7: GPIO2
5V/div. 5V/div.
CHB8: GPIO4 G0 ) CHB8: GPIO4
5Vidiv - 5V/div.
o 0

10ms/div.

P 0 0
10ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

SCP Entry (LDO1)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO1 SCP entry,
lout1 = OA to short circuit, other loutr = 0A

SCP Entry (LDO1)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO1 SCP entry,

lout1 = 0.4A to short circuit, other loutr = 0.4A

W W
K] | K] |
CH1: Vpor POR 4 CH1: Vpor POR by
2V/div. 2V/div. B
CH2: Vourt_Lpo1 CH2: Vour_Lpo1
Vidiv, R AR | et S S—
CH3: Vout Lpbo2 CH3: Vout_Lbo2
500mVidiv. 500mvidiv.
CH6: Vout_Lpos R CH6: Vout_Lpos R "
1V/div. 1V/div.
. Vo_LDOS . Vo_LDOS
CH4: Vourt Lbos CH4: Vour_Lpos
1vidiv 1V/div.
CHT: GPIO2 CH7: GPIO2
Svidiv. 5V/div.
CHB8: GPI104 CH8: GPIO4
5V/div ‘ ) ; '5\//(“\/
el < ]
10ms/div. 10ms/div.
SCP Recovery (LDO1) SCP Recovery (LDO1)
Configure the MPQ70700FS to enter fail- Configure the MPQ70700FS to enter fail-
recovery mode after LDO1 SCP entry, recovery mode after LDO1 SCP entry,
lout1 = short circuit to OA, other lout = 0A lout1 = short circuit to 0.4A, other lout = 0.4A
= =1 - ||
CH1: Vpor . PoR + CH1: Vpor |..p0R +|
2V/div. 2V/div. i T T
CH2: V. CH2: v 6
idv. idv.  |®
CH3: Vour ooz CH3: Vour_Lpo2
500mV/div. o153 500mV/div. Vo LDO?
CH6: Vour Lpos CH6: Vour Loos i
1vidiv. | Vo LDOS 1vidiv. | vo_L0OS
CH4: Vour_Lpos CH4: Vout Lpos
1\/7[,“\/ B S - R 1Vv/div.
CH7: GPIO2 CH7: GPIO2
5V/div. 5V/div.
CHS8: GPIO4 CHS8: GPIO4 T
5V/div 5V/div.
10ms/div. 10ms/div.
SCP Entry (LDO2) SCP Entry (LDO2)
Configure the MPQ70700FS to enter failsafe Configure the MPQ70700FS to enter failsafe
mode after LDO2 SCP entry, mode after LDO2 SCP entry,
lout2 = OA to short circuit, other lout = 0A lout2 = 0.4A to short circuit, other lout = 0.4A
[ ] | [ — ] |
CH1: Vpor POR + CH1: Vpor POR +
2vidiv. T ] 2V/div. T
CH3: Vour_Lpo2 Vo.LD0? CH3: Vour_Lpo2 Vo.LD0?
500mV/div. 500mV/div.
CH2: Vour_Lpo1 CH2: Vour_Lpo1
vidiv, T 2Vidiv.
CH6: Vour_Lbos B CH6: Vour_Lbos »—
1V/div. 1V/div.
. Vo_LDOS Vo_LDOS
CH4: Vour_Lbos CH4: Vour Lpo3
1Vv/div 1V/div
CH7: GPIO2 CH7: GPIO2
5V/div. 5V/div. -
CHS8: GPIO4 CHS8: GPIO4
5Vidiv 5V/div.
10ms/div. 10ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

CH1: Vpor
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH2: Vout_Lpo1
2V/div.

CH6: Vour_Lpos
1V/div.

CH4: Vour_Lpos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPI04
5V/div

CH1: Vpor
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH2: Vourt_Lpo1
2V/div.

CH6: Vout_Lpbos
1V/div.

CH4: Vour_Lpos
1vidiv

CH7: GPIO2
5V/div.
CH8: GPI104
5V/div

CH1: Vpor
2V/div.

CH4: Vour_Lpos
1vidiv

CH2: Vout_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH6: Vour_Lpos
1V/div.

CH7: GPIO2
5V/div.
CH8: GPIO4
5V/div

SCP Entry (LDO2)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO2 SCP entry,
loutz = OA to short circuit, other loutr = 0A

] |

POR 1

Vo_LDOS

10ms/div.

SCP Recovery (LDO2)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO2 SCP entry,

lout2 = OA to short circuit, other loutr = 0A

v |

| .PoR 4

|

Vo L0OS

| Gpida

10ms/div.

SCP Entry (LDO3)

Configure the MPQ70700FS to enter failsafe
mode after LDO3 SCP entry,
louts = OA to short circuit, other lour = OA

POR 4

10ms/div.

CH1: Vpor
2V/div.

CH3: Vout_Lpo2
500mV/div.
CH2: Vourt_Lpoz1
2V/div.

CH6: Vour _Lbos
1v/div.

CH4: Vout_Lpos
1vidiv

CH7: GPIO2
5V/div.
CH8: GPIO4
5V/div.

CH1: Vpor
2V/div.

CH3: Vout_Lbo2
500mV/div.
CH2: Vourt_Lpoz1
2V/div.

CH6: Vout_Lbos
1v/div.

CH4: Vout_Lpos
1vidiv

CH7: GPIO2
5V/div.

CHB8: GPIO4
5V/div

CH1: Vpor
2V/div.

CH4: Vout_Lpos
1vidiv

CH2: Vourt_Lpoz1
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vour_Lpos
1v/div.

CH7: GPIO2
5V/div.
CH8: GPIO4
5V/div.

SCP Entry (LDO2)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO2 SCP entry,

lout2 = 0.4A to short circuit, other loutr = 0.4A

e ———

] |

POR 4

L

Vo_LDOS

10ms/div.

SCP Recovery (LDO2)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO2 SCP entry,

lout2 = 0.4A to short circuit, other loutr = 0.4A

. ~

|—.poR 4

10ms/div.

SCP Entry (LDO3)

Configure the MPQ70700FS to enter failsafe
mode after LDO3 SCP entry,

louts = 0.4A to short circuit, other lout = 0.4A

[———————

il |

POR 4

10ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

SCP Entry (LDO3) SCP Entry (LDO3)
Configure the MPQ70700FS to enter fail- Configure the MPQ70700FS to enter fail-
recovery mode after LDO3 SCP entry, recovery mode after LDO3 SCP entry,
louts = OA to short circuit, other lout = 0A louts = 0.4A to short circuit, other lout = 0.4A
N | ]
CH1: Vpor 08 + CH1: Vpor POR 4
2V/div. 2vidiv. |
CH4: Vourt Lpos 3 CH4: Vour_Lpos
1Vv/div - 1Vv/div.
CH2: Vour Lpo1 - VI = W= A AL I CH2: Vout_Lpo1
2V/div. - NET\NET q q A\ [\ P . 2V/div.
CHS3: Vout_Lpo2 e AN NN IR CH3: Vour_Lbo2 Vo.LDO2
500mv/div. [® o N N . 1 o 1 g s00mvidiv. [®
CH6: Vour_Lbos +Vo_LDOS NN N N N NN N N N\ cHB: Vour_Lpos U281 M O i e S s e e e s s i e
1V/div. 1V/div.
CH7: GPIO2 g 0P02 N SO ) B ) A Mt S S M 0 CH7: GPIO2
5V/div. 5V/div.
CHS8: GPIO4 GPI04 o | = —-— CH8: GPIO4 P
5V/div 5V/div. . .
] PR b b B
10ms/div. 10ms/div.
SCP Recovery (LDO3) SCP Recovery (LDO3)
Configure the MPQ70700FS to enter fail- Configure the MPQ70700FS to enter fail-
recovery mode after LDO3 SCP entry, recovery mode after LDO3 SCP entry,
louts = OA to short circuit, other lout = 0A louts = 0.4A to short circuit, other loutr = 0.4A
v = | v o |
CH1: Vpor pOR + CH1: Vpeor POR «
avidiv. | 7 avidiv. | ; ;
CH4: Vourt Lpos CH4: Vour_Lpos
1Vv/div 1V/div.
CH2: Vour_Lpbo1 i - CH2: Vour_Lbo1 = I B —
2V/div. Ao 1 " P ‘ . P P 2V/div. 1
CHS3: Vout_Lpo2 .'m,lmq, \ | \ CH3: Vout_Lpo2 =
soomvVidiv. B LT T T T soomvidiv. T —IE
CH®6: Vour_Lbos B N N N N R CH6: Vour_Lbos Al g e W i s |
1V/div. 1V/div.
CHT7: GPIO2 CH7:GPIO2 el T T
5V/div. 5V/div.
CHB8: GPI104 L - - CHB8: GPI104 & -
5V/div 5V/div.
10ms/div. 10ms/div.
SCP Entry (LDO4) SCP Entry (LDO4)
Configure the MPQ70700FS to enter failsafe Configure the MPQ70700FS to enter failsafe
mode after LDO4 SCP entry, mode after LDO4 SCP entry,
lout4 = OA to short circuit, other lout = 0A louts4 = 0.4A to short circuit, other lout = 0.4A
e e & ] | R g |
CH1: Vpor 0R 4 CHL: Veor POR +
2v/div. 2V/div.
CH2: Vout_Lpo1 CH2: Vour ooz
2Vidiv. ‘R DR SR 2V/div.
CHS3: Vout_Lpo2 Vo.LDO? CH3: VOUKL[?DZ
500mV/div. 500mVidiv.
CH6: Vour_Lbos Vo_L00S i CH6: Vour_Lbos Vo.100S
Widiv, 1V/div.
CH4: Vour oos @ CH4:Vour oo g
1v/div 1V/div
CH7: GPIO2 ! ! CH7: GPIO2
sv/div. 5V/div.
CH8: GPIO4 . CH8: GPIO4
sv/div 5V/div.
10ms/div. 10ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

CH1: Vpor
2V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vourt_Lpo2
500mV/div.
CH6: Vourt_Lpos
1V/div.

CH4: Vour_Lpos
1v/div

CH7: GPIO2
5V/div.

CH8: GPI04
5V/div

CH1: Vpor
2V/div.

CH2: Vourt_Lpo1
2V/div.

CH3: Vo _Lpo2
500mV/div.
CH6: Vout_Lpos
1V/div.

CH4: Vour_Lpos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div

CH1: Vpor
2V/div.

CH®6: Vour_Lpos
1V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lbo2
500mV/div.

CH4: Vo _Lpos
1vidiv
CH7: GPIO2
5V/div.
CH8: GPI04
5V/div

SCP Entry (LDO4)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO4 SCP entry,
louts = OA to short circuit, other loutr = 0A

0

5 POR 4

N |

ANt Nk NN Nt NN N NN

Vo_LDOS

10ms/div.

SCP Recovery (LDO4)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO4 SCP entry,
louta = OA to short circuit, other loutr = 0A

200 «

\Wolp
N LpoY

IMANENEWRWANENIR RN

10ms/div.

SCP Entry (LDO5)

Configure the MPQ70700FS to enter failsafe
mode after LDO5 SCP entry,

louts = OA to short circuit, other lout = OA

il |

L POR 4

l.\.'u LDOS

“Vo_LDO2

A A
10ms/div.

CH1: Vpor
2V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vourt_Lpo2
500mV/div.
CH6: Vour_Lpbos
1v/div.

CH4: Vour_Lpos
1v/div.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

CH1: Vpor
2V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpbos
1v/div.

CH4: Vour_Lpos
1V/div.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

CH1: Vpor
2V/div.

CH6: Vout_Lpbos
1Vv/div.

CH2: Vout_Lpo1
2V/div.

CH3: Vout_Lpo2
500mV/div.

CH4: Vour 1pos
1vidiv.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

SCP Entry (LDO4)
Configure the MPQ70700FS to enter fail-
recovery mode after LDO4 SCP entry,

louts = 0.4A to short circuit, other lout = 0.4A

0

POR

] |

G

10ms/div.

SCP Recovery (LDO4)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO4 SCP entry,

louts4 = 0.4A to short circuit, other lout = 0.4A

7 —3]

+

Vo ipo2

10ms/div.

SCP Entry (LDO5)

Configure the MPQ70700FS to enter failsafe
mode after LDO5 SCP entry,

louts = 0.4A to short circuit, other lout = 0.4A

POR

K] |

+

10ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|.|F, Ta = 25°C, unless otherwise noted.

CH1: Vpor
2V/div.

CH6: Vout_Lpos
1V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.

CH4: Vout_Lpos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPI104
5Vidiv

CH1: Vpor
2V/div.

CH6: Vour_Lpos
1V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.

CH4: Vour Loos
1vidiv

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div

CH1: Vinx
2V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH6: Vout_Lpos
1V/div.

CH4: Vour Loos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5Vidiv

SCP Entry (LDO5)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO5 SCP entry,
louts = OA to short circuit, other loutr = 0A

v ‘I
POR h
Vo-L008 —

10ms/div.

SCP Recovery (LDO5)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO5 SCP entry,
louts = OA to short circuit, other loutr = 0A

| pon b
ot et e

R ;p;u N

G2loz
(S o S i o

10ms/div.

Start-Up through VIN
(POR and ERRO1)
lout1 = lout2 = louts = louta = louts = 0A

- i

| Vo L00S

10ms/div.

CH1: Vpor
2V/div.

CH6: Vout_Lpos
1v/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vout_Lpo2
500mV/div.

CH4: Vourt Lbos
1Vidiv.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

CH1: Vpor
2V/div.

CH6: Vout_Lpos
1Vv/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vout_Lpo2
500mV/div.

CH4: Vour 1pos
1vidiv.

CH7: GPIO2
5V/div.

CH8: GPIO4
5V/div.

CH1: Ving
2V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lbo2
500mV/div.
CH6: Vout_Lpbos
1Vv/div.

CH4: Vour 1pos
1vidiv.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

SCP Entry (LDOS5)
Configure the MPQ70700FS to enter fail-
recovery mode after LDO5 SCP entry,

louts = 0.4A to short circuit, other lout = 0.4A

m

1.P0R

] |

G

01005

10ms/div.

SCP Recovery (LDO5)

Configure the MPQ70700FS to enter fail-
recovery mode after LDO5 SCP entry,

louts = 0.4A to short circuit, other lout = 0.4A

[}
| poR

+

Vo LDOS

10ms/div.

Start-Up through VIN
(POR and ERRO1)

lout1 = lout2 = louTs = lout4 = louts = 0.4A

N —

Vo_LDO2

| vo Loos

10ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Courmz = 4. 7uF, Couts = 4.7pF, Couma = 4.7uF, Couts = 4. 7uF, Ta = 25°C, unless otherwise noted.

CH1: Vink
2V/div.

CH2: Vout_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vourt_Lpos
1V/div.

CH4: Vour Lpos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5Vidiv

CH1: Ven ent
2V/div.

CH2: Vout_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpos
1V/div.

CH4: Vout Lbos
1v/div

CH7: POR
5V/div.

CH8: ERRO1
5V/div

CH1: Ven Ent
2V/div.

CH2: Vout_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vout_Lpbos
1V/div.

CH4: Vour
1vidiv
CH7: POR
5V/div.
CH8: ERRO1
5V/div

Shutdown through VIN
(POR and ERRO1)

lout1 = lout2 = louts = louTs = louts = 0A

VIN

Vo_LDOS

10ms/div.

Start-Up through EN (EN1)
(POR and ERRO1)

Vepio1_enz = 5V,
lout1 = lout2 = louTs = louts = louts = 0A

" & |
+

o ENENY

. Vo, 1008

4ms/div.

Shutdown through EN (EN1)
(POR and ERRO1)

Vepio1 EN2 = 5V,

lout1 = lout2 = louts = louta = louts = 0A

g ]

3, EN(ENT)

Vo_LD02

Vo_LOOS

2ms/div.

CH1: Vinx
2V/div.

CH2: Vout_Lpo1
2V/div.

CHS3: Vourt_Lpo2
500mV/div.
CH®6: Vour_Lpos
1v/div.

CH4: Vourt Lbos
1Vidiv.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CH1: Ven ent
2V/div.

CH2: Vourt_Lpo1
2V/div.

CH3: Vout_Lpo2
500mV/div.
CH®6: Vour_Lpos
1v/div.

CH4: Vo_1pos
1V/div.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CH1: Ven Ent
2V/div.

CH2: Vour_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpbos
1v/div.

CH4: Vourt Lbos
1vidiv.

CH7: POR
5V/div.

CH8: ERRO1
5V/div

Shutdown through VIN
(POR and ERRO1)

lout1 = lout2 = louTs = lout4 = louts = 0.4A

g K |

VIN

Vo_LD02

4 Vo_L0OS

A A
10ms/div.

Start-Up through EN (EN1)
(POR and ERRO1)

Vepio1_enz = 5V,
lout1 = lout2 = louTts = lout4 = louts = 0.4A

4ms/div.

Shutdown through EN (EN1)
(POR and ERRO1)

Vepio1_EN2 = 5V,
lout1 = lout2 = louTs = lout4 = louts = 0.4A

Vo.L005

2ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Courmz = 4. 7uF, Couts = 4.7pF, Couma = 4.7uF, Couts = 4. 7uF, Ta = 25°C, unless otherwise noted.

CH1: Ven ent
2V/div.

CH2: Vout_Lpo1
2V/div.

CH3: Vour_Lpbo2
500mV/div.
CH6: Vout Lbos
1V/div.

CH4: Vour_Lpos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1

5V/div

CH1: Ven en:
2V/div.

CH2: Vour Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH6: Vout_Lpbos
1V/div.

CH4: Vour_Lpos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1

5V/div

CH1:
Vepio1_EN2
2V/div.

CH2: Vout_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpos
1V/div.

CH4: Vout Lbos
1v/div

CH7: POR
5V/div.

CH8: ERRO1
5V/div

Start-Up through EN (EN1)
(POR and ERROL1)

Veprio1 enz = 0V,
lout1 = lout2 = louts = louts4 = louts = OA

Iy

| Yo 1005

S S
4ms/div.

Shutdown through EN (EN1)
(POR and ERRO1)

Vepio1_enz = 0V,
lout1 = louT2 = louTs = louts = louts = 0A

[] A

ENIENT)

4ms/div.

Start-Up through GPIO1 (EN2)
(POR and ERRO1)

VEN_EN1 = 5V,
lout1 = lout2 = louTs = loutsa = louts = OA

: ]
| GROVENZ) N

4ms/div.

CH1: Ven_ent
2V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH®6: Vour Lbos
1v/div.

CH4: Vourt_Lpos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5V/div

CH1: Ven em
2V/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH6: Vout_Lbos
1v/div.

CH4: Vout_Lbos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5V/div

CH1:
VGPio1_EN2
2V/div.

CH2: Vout_Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpos
1v/div.

CH4: Vout Lpo3
1V/div.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

Start-Up through EN (EN1)
(POR and ERRO1)

Veprio1_enz = 0V,
lout1 = lout2 = louTts = lout4 = louts = 0.4A

v i |
+
o EMERY
Vo007
| -2V LDOS
L POR
S S

4ms/div.

Shutdown through EN (EN1)
(POR and ERRO1)

Vepio1_enz = 0V,
lout1 = lout2 = louTts = lout4 = louts = 0.4A
[ q

ENIENT)

4ms/div.

Start-Up through GPIO1 (EN2)

(POR and ERRO1)
VEN_ENL = 5V,
lout1 = lout2 = louTts = lout4 = louts = 0.4A

|

| GROIEN)

4ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N = 5V, VOUT1 = 33V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUTl = 4.7|JF,
Cou'rz = 4.7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|JF, Ta = 25°C, unless otherwise noted.

CH1:
VGpio1_enz
2V/div.

CH2: Vour Lpo1
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH6: Vout Lbos
1vidiv.

CH4: Vout Lbos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CHL1: louts
500mA/div.
CH2:
Vour_Looi/AC
50mV/div.
CHS3: Vout_Lpo2
500mV/div.
CH6: Vout_Lpbos
1V/div.

CH4: Vour_Lpos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CHL1: lout2
500mA/div.
CHa3:

Vour Lbo2/AC
20mV/div.
CH2: Vout_Lpo1
2V/div.

CH6: Vout_Lpbos
1V/div.

CH4: Vour_Lpos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

Shutdown through GPIO1 (EN2)

(POR and ERRO1)
VEN_EN1 = 5V,
lout1 = lout2 = louts = louts4 = louts = OA

GPIOEND)

|

B, 1002 S—

Vo.L005

S 0 N O
2ms/div.

Load Transient (LDO1)
lout: = OA to 0.4A, 2A/us slew rate,
lout2 = louts = lout4 = louts = OA

N |

Vo_LD02

4 Vo_L00S

POR

A S0 O
2ms/div.

Load Transient (LDOZ2)
lout2 = 0A to 0.4A, 2A/us slew rate,
lout1 = louts = lout4 = louts = 0A

;Vo_L0O0S

2ms/div.

CHI1:
VGPio1_enz
2V/div.

CH2: Vour oot
2V/div.

CHS3: Vout_Lpo2
500mV/div.
CH®6: Vour_Lbos
1V/div.

CH4: Vourt_Lpos
1vidiv

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CH1: lout:
500mA/div.
CH2:
Vour_Looi/AC
50mV/div.
CH3: Vout_Lpo2
500mV/div.
CH6: Vour_Lpbos
1v/div.

CH4: Vourt Lbos
1vidiv.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CHL1: lout2
500mA/div.
CHS3:
Vour_Lbo2/AC
20mV/div.
CH2: Vout_Lpo1
2V/div.

CH6: Vour_Lpbos
1Vv/div.

CH4: Vour_Lpos
1Vv/div.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

V Shutdown through GPIO1 (EN2)
(POR and ERRO1)

VEN_EN1 = 5V,
lout1 = lout2 = louTts = lout4 = louts = 0.4A
] ] |
+
GPIO1(EN2)
'9;;15;2
Vo_LDOS

2ms/div.

Load Transient (LDO1)
lout: = 0A to 0.4A, 2A/us slew rate,
lout2 = louts = lout4 = louts = OA

T |

. ot

e s

Vo, LDOS

2ms/div.

Load Transient (LDOZ2)
lout2 = 0A to 0.4A, 2A/us slew rate,
lout1 = louts = louTt4 = louts = 0.4A

T ]

Vo_LOOS

2ms/div.
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mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VOUT1 = 3.3V, VOUT2 = 0.75V, VOUT3 = 1.8V, VOUT4 = 0.75V, VOUT5 = 1.8V, COUT1 = 4.7|JF,
7|..|F, COUT3 = 4.7|..|F, COUT4 = 4.7|JF, Cou‘r5 = 4.7|JF, Ta = 25°C, unless otherwise noted.

Vin = 5V,
Cout2 = 4.

CH1: louts
500mA/div.
CH4:
Vout_Lpos/AC
50mV/div

CH2: Vourt_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.

CH6: Vout Lbos
1V/div.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CH1: louta
500mA/div.

CH2: Vour_Lpo1

2V/div.

CHS3: Vout_Lpo2

500mV/div.
CH4: Vour

1vidiv

CH6: Vour_Lpos

1V/div.

CH7: POR

5V/div.

CH8: ERRO1

5V/div

CH1: louts
500mA/div.
CH6:
Vour_Lpos/AC
50mV/div.

CH2: Vout_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH4: Vour_Lpos
1v/div

CH7: POR
5V/div.

CH8: ERRO1
5V/div

Load Transient (LDO3)
louts = OA to 0.4A, 2A/us slew rate,
lout1 = lout2 = louT4 = louts = 0A

2ms/div.

Load Transient (LDO4)
louts4 = OA to 0.4A, 2A/us slew rate,
lout1 = lout2 = louTs = louts = OA

]

Vo_LDO2

4 Vo.LD05

2ms/div.

Load Transient (LDO5)
louts = OA to 0.4A, 2A/us slew rate,
lout1 = lout2 = louts = louta = OA

R ARQS

]

Vo_LDO2

2ms/div.

CH1: louts
500mA/div.
CH4
Vour_Loos/AC
50mV/div.

CH2: Vourt_Lpoz1
2V/div.

CH3: Vour_Lbo2
500mV/div.

CH®6: Vout _Lbos
1v/div.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CH1: louta
500mA/div.

CH2: Vour_Lpo1
2V/div.

CH3: Vout_Lpo2
500mV/div.
CH4: Vout_Lpos
1vidiv

CH6: Vout_Lpbos
1V/div.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

CH1: louts
500mA/div.
CHe6:
Vour_Lpos/AC
50mV/div.

CH2: Vout_Lpo1
2V/div.

CH3: Vour_Lpo2
500mV/div.
CH4: Vour_Lpos
1v/div.

CH7: POR
5V/div.

CH8: ERRO1
5V/div.

Load Transient (LDO3)
louts = 0A to 0.4A, 2A/us slew rate,
lout1 = lout2 = lout4 = louts = 0.4A

[] K] |

- Jo2

,Vo.LD05

2ms/div.

Load Transient (LDO4)
lout4 = 0A to 0.4A, 2A/us slew rate,
lout1 = lout2 = louts = louts = 0.4A

: |

. Jo2

Vo_LDOS

2ms/div.

Load Transient (LDO5)
louts = 0A to 0.4A, 2A/us slew rate,
lout1 = lout2 = louts = louts = 0.4A

Vo_LDO2

2ms/div.

MPQ70700FS Rev. 1.0
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FUNCTIONAL BLOCK DIAGRAM

One-Time ECC ﬁ
Vins OVP Programmable (OTP) OTP
Memory Control ADDR
Register
+ runtime
_.| Ving OVP }_l CRC + write SCL
I check
| SDA
VOUTS5 LDOS Over—Curre nt Vour QV/UV PO'R e
VIN3 Protection Monitor Monitor
POR
| [ I J GPIO4
Over-Current Vour OV/UV POR e
VOUT4 Protection Monitor Monitor GPIO3
» LDO /10
I [ I Event Control
VOUT3 Over-Current | Vour OVIUV | POR Control GPIO2
VIN2 & Protection Monitor Monitor State
Machine
I | GPIO1
[
Over-Current Vour OVIUV POR L
Protection Monitor Monitor
VOUT2 ERRO1
I | [ Watchdog INT ERRO?
VOUT1 Over-Current | VourOVUV | POR |_] Control
VINL Protection Monitor Monitor ERRIN
Volta_xge
Bandgap POR Bandgap LDO EveMn?E?nﬁml
Tll;ermfll Clock Control
Vine UVLO Bandgap Monitor ven and Monitor
Control
VMON1+ Voltage Monitor 1 Thermal Warning Oscillator 2 Enab!e EN
VMONL1- ¢ Detection
VMON2 Voltage Monitor 2 Thermal Shutdown Oscillator 1
Figure 2: Functional Block Diagram
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POWER-ON SEQUENCE

VIN><
(where x =1 to 3)

Note:

Vin1_uvio R

EN

ERRO1

ERRO2

I
T
I
I
I
I
VOUT>< t
I

(where x=1t05) 4

Vouri_por R

Vout2_por R
Vout3_por R
Vouta_por R
Vouts_por R

GPIO

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

M

>

\

\

\

\

I

tror pLY

\

e B e T—
B S R
—_—— -y —_—_—_—_—_—_—_—_—_—_———— = - - —

\

LDO1 Power-Up Delay ™ ’I :

|
LDO2 Power-Up Delay <4——» :
|

LDO3 Power-Up Delay 4——»

LDO4 Power-Up Delay <—>|

LDOS5 Power-Up Delay [

GPIO1| GPIO2

GPIO3

GPIO4

GPIO1 Power-Up Delay * > \ |
GPIO2 Power-Up Delay <—>|

GPIO3 Power-Up Delay |

GPI0O4 Power-Up Delay I

Figure 3: Power-Up Sequence Diagram ®?

\

Vour1

Vour2
Vours
Vours
VOUT5

12) ERRO1, ERRO2, and POR are connected to Vi« (where x = 1 to 3) via a 100kQ resistor; VMONL1 (the difference between VMON1+ and
VMON1-) and VMONZ2 have input voltages that are between the VMONXx (where x = 1 or 2) under-voltage (UV) threshold (Vmonx_uv vrH)
and VMONX over-voltage (OV) threshold (Vmonx ov vr); and all GPIO pins are configured as output pins and connected to VOUT1 via a
100kQ resistor.

MPQ70700FS Rev. 1.0
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OPERATION

The MPQ70700FS is a highly flexible power
solution for advanced driver-assistance systems
(ADAS) and system-on-chips (SoCs). It
integrates 5 low-dropout (LDO) regulators. The
integrated functional safety features improve
system safety scores to meet ASIL-D
requirements. The device also provides two
voltage monitors and four GPIO pins that allow
protection and sequence control to be extended
to additional supplies. The I2C interface allows
significant  configurations to meet the
requirements of the target SoC.

Low-Dropout (LDO) Regulators

The MPQ70700FS integrates 5 LDO regulators
(LDO1, LDO2, LDO3, LDO4, and LDOS5). The
maximum output current (lout) is 400mA. All the
LDOs’ output voltage (Vourx) (Where x = 1 to 5)
can be adjusted between 0.5V and 3.6V. Vourx
can be set using the LDOx_VREF_MODE bit
(where x=1t05) (21h, 24h, 27h, 2Ah, 2Dh, bit[6])
and VREF_LDOx bits (where x = 1 to 5) (21h,
24h, 27h, 2Ah, 2Dh, bits[5:0]) via the I°C
interface. If the LDOx_REF_MODE bitis setto 0,
then the minimum Vourx step is 12.5mV, and the
Vourx range is between 0.5V and 1.0375V. If the
LDOx_REF_MODE bit is set to 1, then the
minimum Vourx step is 50mV, and the Vourx
range is between 1V and 3.6V. When setting
Voutx, configure the LDOx VREF_MODE bit,
then configure the VREF_LDOXx bits.

For example, the LDO2 output voltage (Vour2)
can be set to 3.3V with the below steps:

1. Set LDO2_VREF_MODE (24h, bit[6]) to
MODEZ1, with 50mV/step.

2. Based on the equations for calculating the
LDO2 reference voltage (Vrer2) for MODEO
and MODEZ1 for the LDO2_VREF bits (24h,
bits[5:0]), when Vour2 is 3.3V, LDO2_VREF
should be equal to 5’b101110.

3. Set Vourz to 3.3V via the LDO2_VREF bits.

The MPQ70700FS does not support dynamic
voltage scaling (DVS). If Vourx is adjusted online,
then the LDOs’ over-voltage protection (OVP)
and under-voltage protection (UVP) must be
disabled via the I°C before adjusting Vourx. After
Voutx IS changed successfully, the LDOs’ OVP
and UVP must be enabled again via the I°C.

Internal Soft Start (SS)

Soft start (SS) is implemented to prevent the
MPQ70700FS’s Vourx from overshooting during
start-up. When the MPQ70700FS starts up, the
internal circuitry of each power rail generates a
soft-start voltage (Vss) that ramps up from 0V.
Vss is the positive input voltage of the error
amplifier (EA). The soft-start period (tss) lasts
until Vss exceeds Vgee. At this point, Vger
becomes the EA’s positive input voltage. The
soft-start slew rate of each output is adjustable
via the one-time programmable (OTP) memory.

The LDO output’s soft-start rising slew rate
voltage (Vour ss) Is configurable via the
LDOx_SS_SLEW_RATE bits (where x = 1 to 5)
(22h, 25h, 28h, 2Bh, 2Eh, bits[5:3]). If Vourx is
between 10% x Vrer and 90% X VREF, then Voutx
increases according to Vour ss during the SS
period. Vour ss can be adjusted between
0.625mV/us and 66.6mV/pus.

Table 1 shows the Vourx Slew rate configuration.

Table 1: Voutx Slew Rate Configuration

LDOx_SS_SLEW_RATE | LDO Soft-Start
(wherex =1to 5) Rising Slew
(22h, 25h, 28h, 2Bh, Rate Voltage
2Eh, bits[5:3]) (Vour_ss)
000 0.625mV/us
001 1.25mV/us
010 2.5mV/us
011 5mV/us
100 10mV/us
101 20mV/us
110 33.3mV/us
111 66.6mV/us

A higher Vour ss generates a larger LDO output
current (lour uwmr) during tss. This may trigger
LDO over-current protection (OCP). As a result,
a smaller output capacitance (Cour) can
decrease lour umir during tss when a higher
Vour ss is set. Cour must not be below 3.3pF.

Input Voltage

The LDO1 output voltage (Vour1) is powered by
the LDO1 and internal circuit supply input
voltage (Vini); the LDO2 and LDO3 output
voltages (Voutz and Vours, respectively) are
powered by the LDO2 and LDO3 supply input
voltage (Vin2); and the LDO4 and LDO5 output
voltages (Vourts and Vours, respectively) are

MPQ70700FS Rev. 1.0
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powered by the LDO4 and LDO5 supply input
voltage (Vinz).

VN1 is the main input of the power management
IC (PMIC) for all internal circuits. No action is
required if VN1 is below its UVLO rising threshold
(Vin1_uvio r). Once Vin: exceeds Vini uvio r, the
MPQ70700FS starts to pre-load the OTP. If Vin1
drops below its UVLO falling threshold
(Vint_uvio F), then all the LDOs and the
MPQ70700FS shut down.

The MPQ70700FS supports the separate use of
the VIN1, VIN2, and VIN3 pins, where the input
voltage (Vink) (Where x = 1 to 3) must exceed
Vini_uvio r @nd start up at the same time. In
addition, Vin2 and Vinz must not exceed Vini. If
the system requires lower power dissipation on
the LDOs, then the system can use a Vinx (Where
X = 2 to 3) to power a lower Vourx (Where x = 2 to
5). Vinx must exceed Vini_uvio r @nd start up at
the same time. The MPQ70700FS provides Vi,
Vinz, and Vinz OVP and different fault registers to
record which Vi OVP is triggered. The
MPQ70700FS can enable Vini, Vinz, and Vins
OVP for each Vinx independently.

Enable (EN)

EN is a leveltrigger input pin for the
MPQ70700FS that generates a power-up or
power-down event. If all Vinx are ready, pull the
EN pin voltage (Ven) below the falling threshold
(0.4V) to shut down all Voutx and GPIO outputs.
All GPIO outputs are configured via the
GPIO_CFG (1Bh) command, and certain Vourx
are enabled via the CHANNEL_EN (18h)
command after pulling up the EN pin voltage
(Ven) above its rising threshold (1.3V). This
means the physical EN pin has higher priority
than the software enable function. If Vey is pulled
below 0.4V, then all Voutx are shut down even
though all LDOs are enabled via the
CHANNEL_EN command. After the EN pin’s
status is changed, if the EN level duration is
shorter than 1ps, then the MPQ70700FS
disregards the EN status change and does not
take any action.

Figure 4 shows the EN power-on sequence.

Normal Idle Power-On i
Power-t -up time ACIlVe
EN !

slot15ending I

|
| GPIO1 GPIO2 GPIO4

:

Vour

Vou

| Vou

i |
i /
LDo1P\|UpD\yH—>‘ ; ;
LDO2 Pull-Up Delay +———— |

LDO3 Pull-Up Delay yu—ﬁ

LDO4 Pull-Up Delay lg————————
LDOS Pull-Up Delay yh—ﬂ

Ep
/

\
\
|
|
|
|
|
T
|
|
|
|
|
|
|
|
|
T
|
T
|
|
|
|
|
|
|
|

POR

d
PU_LDOS time
slot ending

| Power-On Sequence

POR Delay '

Figure 4: EN Power-On Sequence

Figure 5 shows the EN power-on and power-off
sequences with an example where all GPIOs are
configured to output and all LDOs are enabled.

Power-down time

. slot 0 ending
EN Active } Power-Off \ Normal Idle

GPIO

|
|
|GPIO4 GPIO2 GPIO1
I
|
|
|

PD_GPIO4 }0 Lo
PD_GPIO2 DI
I

‘<—>
Vour PD_GPIO1

|
;
Vors ‘
Voura
Vours ‘ \ \
|
\

LDOS Pull-Down Delay [

LDO4 Pull-Down Delay ﬂ—>
LDO3 Pull-Down Delay 44—
POR LDO2 Pull-Down Delay ————{

LDO1 Pull-Down Delay L

Power-Off Sequence

Figure 5: Example of EN Power-On and Power-
Off Sequences with GPIO Outputs and Enabled
LDOs

General-Purpose Input/Outputs (GPIOs)

The MPQ70700FS provides four GPIO pins
(GPIO1, GPIO2, GPIO3, and GPIO4). GPIO1
and GPIO3 can be used as input or output pins,
configured via the GPIO_CFG (1Bh) command.
GPIO2 and GPIO4 are output pins, and cannot
be configured as an input.

If configured as an output pin, the GPIOs can be
used as a sequence output, and are controlled
by the EN pin. The GPIO’s output is pulled high
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after the PU_GPIOx (where x = 1 to 4) (1Dh,
1Eh, 1Fh, and 20h, bits[7:4]) time, or pulled low
after the PD_GPIOx time if Ven exceeds its rising
threshold (Vi en_r) Or drops below its falling
threshold (ViL_en_r) (See Figure 4 and Figure 5 on
page 37).

If the GPIOs are configured as input pins, then
the MPQ70700FS can provide different
functions for each GPIO pin.

If GPIO1 is configured as an input pin, then
GPIO1 can control whether the MPQ70700FS
enters or exits sleep mode in active state. In
active state, if the GPIO1 input voltage (Vepio1)
drops below its input low threshold (Vi cpio1)
(0.4V), then the MPQ70700FS shuts down each
LDO and GPIO output, then enters sleep mode.
In sleep mode, if Vepio1 exceeds its input high
threshold  (Vin_crio1) (1.3V), then the
MPQ70700FS starts up each LDO and GPIO
output, then exits sleep mode. The
MPQ70700FS can configure whether each LDO
and GPIO output is controlled by the GPIO1 pin
via the EN2_GROUP (17h) command. The
GPIO1 input pin can enable each LDO and GPIO
output, meaning it can be regarded as EN2, and
the EN pin can be regarded as EN1. The
MPQ70700FS can turn off certain LDOs and
GPIO outputs by pulling down EN2, which
reduces power consumption in sleep mode.

Figure 6 shows the sleep mode entry sequence
using an example where LDO1, LDO4, and
LDO5 as well as the GP102 and GPIO3 outputs
can be controlled by the GPIO1 pin (EN2) when
it is configured as an input pin.

Sleep mode entry
sequence time slot
15 ending

Enable 4 Active | Sleep Mode | Sleep
! Entry I
EN (EN1) ~
GPIO1 (EN2)
ViLerio f—————4
GPIO 4 GPIO2 GPIOa

|
GPI02 > J
Vour 4 pul-oown Delay ! !

>
| GPIO3 Pull-Down Delay

N

| |
-

LDO1 Pull-Down Delay

Vourt

\

Figure 6: Sleep Mode Entry Sequence

Vourz

Vours

Vours

Vours

J

[
|
|
|
|
|
|
|
|
LDOS Pull-Down Delay }
|

LDO4 Pull-Down Delay

POR |

l

Figure 7 shows the sleep mode exit sequence
using an example where LDO1, LDO4, and
LDOS5 as well as the GPIO2 and GPIO3 outputs
can be controlled by the GPIO1 pin (EN2) when
GPIOL1 is configured as an input pin.

Sleep mode exit
sequence time slot
|

Enable 4 Sleep | Sleep Mode m”d‘”g\‘j Active
|

! Exit
EN (EN1)
[V GPIO1 (EN2)
GPIO 4 GPIO4 GPIO2

GPIO2 l—»] f
Vout & pul-up Delay ! !

|
GPIO3 Pull-Up Delay /g7y

Vourz

|
|
|
T
Vours }
| Vours
} / Vours
|
|
| }
I
|

LDO1 Pull-Up Delay \ | |
LDO4 Pull-Up Delay - >

POR 4§

LDOS Pull-Up Delay

Figure 7: Sleep Mode Exit Sequence

Figure 8 on page 39 shows that when Vey drops
below Vi en r, all the LDOs and GPIO outputs
shut down although EN2 is high.
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Power-off sequence
time slot 15 ending

|
Enable 4 active | Power-Off Normal
! Idle
EN (EN1) GPIOL (EN2)
Vicens p————— 4
I
GPIO 1 GPIO4 GPIO2

GPios T

V, Pull-Down Delay lg—— | |
out | GPIO3 Pull-Down Delay |
@CPI03 PulDown Delay __ |
GPIO2 Pull-Down Delay
Vour

I

‘
Vo 1
Vours !
v i
v i
|

oure
|
uts —\ I
| I
| I I
I

LDOS Pull-Down Delay |+

|
LDO4 Pull-Down Delay [#———————# I
LDO3 Pull-Down Delay #———————I

LDO2 Pull-Down Delay l—————————— !
I
POR i

LDO1 Pull-Down Delay

Figure 8: EN Power-Off Sequence with High
GPIO1 (EN2)

If Ven drops below V4 _en_r, then all the LDOs and
GPIO outputs shut down although GPIO1 (EN2)
is low. The state machine transitions from sleep
mode to power-off and stops in normal idle state.
Figure 9 shows an example where LDO2, LDO3,
and the GPIO4 output are controlled by GPIO1
(EN2).

Power-off sequence
| time slot 15 ending

Sleep | Power-Off

Enable

EN (EN1)

Vienr f----- - GPIO1 (EN2)

|
GPIO | GPIO2

|

|

|

|

|

|

|

|

|

|

|

|

} |

|
GPIO4

GPIO2 ! |

V. GPIo2 - ; |

OUT & pyi-oown Delay “4—2 |

| GPIO3 Pul-Down Delay }

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

]

Vourt

Vours
|
Vours |
L\
|
|

Vours/ Vourz —
L00S | |
Pull-Down Delay ——————y
} LDO4 Pull-Down Delay

|
LDOL1 Pull-Down Delay !

POR

Figure 9: EN Power-Off Sequence with Low
GPIO1 (EN2)

When the MPQ70700FS triggers start-up
through EN (EN1), the LDOs’ outputs and GPIO
outputs have different actions with low GPIO1
(EN2). Figure 10 shows an example where
GPIO1 (EN2) is low during start-up through EN
(EN1).

Sleep mode exit sequence
time slot 15 ending

I - I
Enable | PowerOn  fowerotselele | Sleep Mode N Sleep
! Entry !
Vinenr EN (EN1)
GPIO1 (EN2)
ov
GPIO

GPIO4

GPIO3 Pull-Down Delay  [4———®i

<<<< <
ggege 2

DO1 Pull-Down Del

Figure 10: Low GPIO1 (EN2) during EN (EN1)
Power-On Sequence

If GPIO3 is configured as an input pin, then
GPIO3’s input voltage controls Vouri. Vour: is
3.3V when this pin is low (Vepioz drops below
V||__Gp|03), and VouT1 is 1.8V when this pln is hlgh
(VGP|03 exceeds V|H_GP|03). VouT1 cannot be set by
writing to the I°C via the VREF _LDO1 (21h)
command. Meanwhile, the Vour1 over-voltage
(OV), under-voltage (UV), and power-on reset
(POR) thresholds can only be set via the
LDO1_GPIO3_CTL_CFG bits (22h, bits[2:1]).

Similar to the adjustment via the VREF_LDO1
(21h) command, the GPIO3 input pin does not
support setting Vour: online. If Vour: is adjusted
online, then LDO1's OVP and UVP must be
disabled via the I1°C before adjusting Vouri.

Time Slot

There are 16 time slots for the power-up and
power-down sequences. A time slot can be set
via the TIME_SLOT (1Ch) command, and
ranges between 100us and 6475us, with
100ps/step. All the LDOs and GPIOs can be
configurable between 0 and 15 time slots via the
SEQ_LDOx commands (where x = 1 to 5) (23h,
26h, 29h, 2Ch, and 2Fh, respectively) and
SEQ_GPIOx commands (where x =1 to 4) (1Dh,
1Eh, 1Fh, and 20h, respectively). For the power-
up sequence, time slot 0 is the first time slot; for
the power-down sequence, time slot 15 is the
first time slot. The turn-on and turn-off delay time
of the LDO and GPIO outputs are determined by
these commands.
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An example of setting the turn-on and turn-off
delay times of LDO1 and GPIO2 is provided
below:

1. Confirm the turn-on and turn-off delay times
of LDO1 and GPIO2, where the LDO1 turn-
on delay time (ton_pLvy_Lpo1) is 5ms, the LDO1
turn-off delay time (torr pLy LDo1) iS 2ms, the
GPIO2 turn-on delay time (tON_DLY_GPloz) is
3ms, and the GPIO2 turn-off delay time
(torF_pLy_cpioz) iS 1ms.

2. Based on the maximum delay time to reach
the minimum time slot, the minimum time slot
is equal to the maximum delay time divided
by 16. If the TIME_SLOT command is not
between the minimum time slot and
maximum time slot, then the next level
greater than the calculated value should be
selected. This means the minimum time slot
is 400us.

3. Based on the minimum delay time to reach
the maximum time slot, the maximum time
slot is equal to the minimum delay time. This
means the maximum time slot is 1ms.

4. Select the time slot. The appropriate time slot
must be selected to ensure that all delay
times are divisible by time slots. The time slot
can be 1ms.

5. Confirm the sequence number of LDO1 and
GPIO2. The LDO1 power-up sequence
number is time slot 5. The GPIO2 power-up
sequence number is time slot 3. The LDO1
power-down sequence number is time slot
13. The GPIO2 power-down sequence
number is time slot 14.

Figure 11 shows the power-on sequence. The
first power-on sequence is time slot 0.

Time Slot Number

LDOs’ and GPIOs’
Output Group 1

LDOs’ and GPIOS’
Output Group 2

LDOs' and GPIOS'
Output Group 3

/

LDOs’ and GPIOs’
Output Group N - 1

LDOs’ and GPIOS’
Output Group N

Power-On Sequence

Figure 11: Power-On Sequence

Figure 12 shows the power-off sequence. The
first power-off sequence is time slot 15.

Time Slot Number

LDOs’and GPIOs’ @ | | @ | @ |

Output Group N

LDOs’ and GPIOs’
Output Group N - 1

LDOs’ and GPIOs’
Output Group 3

LDOs’ and GPIOs’
Output Group 2

LDOs’ and GPIOs’
Output Group 1

|
|
|
|
1
|
|
|
|
|
|
[l
|
|
|
|
|
|
I
|
|
..}
|

I Time | Time
Slot I slot | Slot |

|
|
| |
! Power-Off Sequence

Figure 12: Power-Off Sequence

Power-On Reset (POR)

The POR pin is the open-drain output. During the
power-on sequence, all Vourx exceed their
respective POR rising thresholds (Voutx por R),
and no other faults force POR to go low. POR
goes high after the power-up time slot of the last
LDO ends. The MPQ70700FS asserts the POR
pin until the POR delay time ends. The POR
delay time can be set via the POR_CTL_DLY
(35h) command.

Figure 13 shows POR with start-up through EN
(EN1).

Normal Idle Power-On Active

Time Slot Number

0000 -0l

|
|
|
|
|
|
| ® i
} | | } | | } |
| | | | | | I |
| | | I I I I |
| | | I I I ! |
| | | I I I [l T
| | | I I I I |
| | | I I I I |
EN (EN1) T T S T S
[ T R
| \ \ ! | ! ! | |
T
POR Threshold ~4 -/ 1/ 1/ -1 7”;// ‘L‘ k- R
! ) ) ! ) Jio | i
}<—>\<—>\ o I | | |
| Time Time | |
| Slot  Slot } POR Delay |
|
| ! !
POR - 4

Power-On Sequence

Figure 13: POR with Start-Up through EN (EN1)

If Vourx does not exceed Vourx por r during
power-on, which is considered abnormal Voury,
then the POR pin is not pulled high. Figure 14 on
page 41 shows the POR action with abnormal
Voutx.
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Normal Idle Power-On Active

Time Slot Number

POR

Power-On Sequence

Figure 14: POR Action with Abnormal Vourx

After the shutdown through EN (EN1) signal, the
POR pin is asserted. Figure 15 shows POR with
shutdown through EN (EN1).

Active Power-Off

Time Slot Number

EN (EN1)

VOU Tx

Power-On Sequence

Figure 15: POR with Shutdown through EN (EN1)

If POR is pulled high, then GPIO1 (EN2) does
not impact POR operation (see Figure 6 and
Figure 7 on page 38).

The POR pin can be reset when the ERRIN
signal is asserted (see Figure 16).

ERRIN —

|
|
: Watchdog
|

. > failure occurs
| ERRIN | |

| Delay |

|

POR

|
: g ————p - -
. ! POR Delay! | POR Delay !

Figure 16: POR Pin Reset

1 indicates a low valid ERRIN signal, meaning
the ERRIN signal is pulled low to assert the
ERRIN signal. 2 indicates a high valid ERRIN
signal, meaning the ERRIN signal is pulled high
to assert the ERRIN signal. The ERRIN_MODE
bit (14h, bit[6]) can configure whether the signal
received by ERRIN is a high or low valid signal.
Otherwise, a watchdog failure occurs. POR
remains asserted (low) and is not pulled high
until the POR delay time ends.

The SoC or microcontroller unit (MCU) must
release the ERRIN signal during the POR delay.
Otherwise, the POR pin continues to pull down
after the delay. Figure 17 shows the POR action
with a low valid ERRIN signal and the ERRIN pin
always low.

ERRIN —| |
|
|

lt——|
| ERRIN |
| Delay |
POR —
|
: I<—>I<—>I<—>l<—>l
. . POR | POR | POR | POR |
Delay Delay Delay Delay

Figure 17: POR Action with the ERRIN Signal
Continuously Asserted

ERRIN signal assertion and watchdog failure
can cause the POR pin to reset. Other fault
events can also cause the POR pin to reset. See
Table 2 on page 44 for more details on the fault
types.

Voltage Monitors (VMON1 and VMONZ2)

The MPQ70700FS provides two voltage
monitors (VMON1 and VMON2). VMONL1 is a
differential input for monitoring important
voltages such as the SoC CPU voltage, and
VMON?2 is a single input pin. These voltage
monitors can extend ASIL protection to another
power supply.

The MPQ70700FS provides configurable OVP
and UVP for VYMON1 and VMONZ2. The monitor’s
OV and UV Ilimits are defined via the
MONx_OV_THRESHOLD bits (where x =1 or 2)
(36h or 39h, bits[7:0]) and the
MONx_UV_THRESHOLD bits (where x = 1 or 2)
(37h or 3Ah, bits[7:0]), respectively, with
12.5mV/step. In addition, for each voltage
monitor, the MPQ70700FS can independently
set the state for monitoring voltage. The
MON1_MODE (38h) and MON2_MODE (3Bh)
commands can configure the option. If a fault
occurs in the selected state, then the
MPQ70700FS performs the corresponding
action; in the other states, the MPQ70700FS has
no reaction. Once a monitor OV/UV fault occurs,
the MPQ70700FS can set the state machine to
enter the fail-safe or fail-recovery protection
mechanism via the FAULT_REACTION_GUPx
command (where x =1 to 4) (OFh, 10h, 11h, and
12h).
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If the set state machine enters fail-safe
protection, then the MPQ70700FS is only reset
by turning Vinx on and off after detecting a valid
VMONX (where x =1 or 2) OV or UV fault. If the
set state machine enters fail-recovery protection,
then the MPQ70700FS waits for the recovery
delay time after detecting a valid VMONx OV or
UV fault, then starts up again. All Vourx can
recover to normal operation during the next start-
up if the VMONXx OV or UV fault is removed.

To prevent external interferences that cause the
chip to mistakenly detect a VMONx OV or UV
fault, the MPQ70700FS provides a debounce
time to filter interference. If a VMONx OV or UV
fault occurs and the duration exceeds the
debounce time, then the MPQ70700FS shuts
down all channels. If VMONx OV or UV fault
occurs but the VMONX input voltage recovers
normally before the debounce time ends, then
the MPQ70700FS does not take any action. The
debounce time is configurable between 10ps
and 80us (10us, 20us, 40us, and 80us) via the
MON1_DEBOUNCE bits (38h, bits[1:0]) and
MON2_DEBOUNCE bits (3Bh, bits[1:0]).

Figure 18 shows that if a VMONXx OV fault occurs,
then the MPQ70700FS enters fail-recovery
protection.

VMO OV_RISING — — 7('.4 [ER——
Vionx v
\MON_OVLY.

tumons ¢ e —| I<—

|

Vourx and GPIO
Output
g POR
POR | Delay [—

ERRO1 | o~
ERRO2 I

[ ———p

| ERROX o~

Delay

Figure 18: VMONXx OV Fault Reaction

Low-Dropout (LDO) Output
Protection

All the LDO channels have independent internal
monitors for Vourx. If Vourx exceeds its OV rising
threshold (Vourx ov rising) Or drops below its UV
falling threshold (Vourx uv Fauing), then the
MPQ70700FS shuts down all channels and
records the fault in the F_LDOx_QV bits (where
x = 1 to 5) (05h, bits[4:0]) or in the F_LDOx_UV

Voltage

bits (where x = 1 to 5) (06h, bit [4:0]). Then the
PMIC enters failsafe or fail-recovery state. The
state machine’s reaction is configurable via the
related FAULT_REACTION_GUP2 (10h) and
FAULT_REACTION_GUP3 (11h) commands.
Voutx_ov_rising and Vourx_uv_FaLLing Can be set via
the LDOx_OV_VTH (where x =1to0 5) (3Ch, 3Fh,
42h, 45h, and 48h) and LDOx_UV_VTH (where
x = 1 to 5) (3Dh, 40h, 43h, 46h, and 49h)
commands.

To prevent external interferences that cause the
chip to mistakenly trigger an OV or UV fault. The
MPQ70700FS requires that the duration of Vourx
OVP or UVP is longer than the debounce time.
Otherwise, the MPQ70700FS can take any
action. The debounce time is configurable
between 10us and 80us (10us, 20us, 40us, or
80us) via the LDOx_MODE commands (where x
=11to5) (3Eh, 41h, 44h, 47h, and 4Ah).

If the set state machine enters failsafe
protection, then the MPQ70700FS is only reset
by turning Vink on and off after detecting a valid
Vourx OV or UV fault. If the set state machine
enters fail-recovery protection, then the
MPQ70700FS waits for the recovery delay time
after detecting a valid Vourx OV or UV fault, then
starts up again. All Vourx can recover to normal
operation during the next start-up if the Vourx OV
or UV fault is removed. Figure 19 shows that if
Vourx drops below Vourx_uv_raLLing, then a Vourx
UV fault is triggered.

Vi

our
Vour w_raLNG — — lr

tvoutx_ovuv_pes _>I| |—
Other Vourx and e
GPIO Outputs
g POR
POR | Delay
[——
P

ERRO1 |

ERRO2 [
| ERROX

Delay

an

A

Figure 19: Voutx UV Fault Reaction

In addition, if Vourx is below the sum of
Voutx uv_Faiuing  and  Voutx uv Hys  during  the
power-on sequence, then the MPQ70700FS
triggers a Vourx UV fault at the end of the power-
on sequence (see Figure 20 on page 43).

MPQ70700FS Rev. 1.0
10/30/2025

MonolithicPower.com 42
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2025 MPS. All Rights Reserved.



me

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Power-on sequence Power-on sequence
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Figure 20: Voutx UV Fault Reaction during Power-
On Sequence

Low-Dropout (LDO) Over-Current Protection
(OCP)

The MPQ70700FS provides configurable output
over-current protection (OCP) for each LDO,
where OCP can be enabled via the
F _EN_LDOx_OC bits (where x = 1 to 5) (ODh,
bits[4:0]). The OCP threshold is fixed at 500mA
(typically). If any LDO lourx (where x = 1 to 5)
exceeds the OCP limit and the hold time
exceeds the debounce time (configured to 10us,
20us, 40us, or 80us via the LDO1_MODE (3Eh)
command), then the MPQ70700FS detects a
valid OCP failure.

If the MPQ70700FS detects a valid OCP failure
and discharge is enabled, then all channels shut
down and discharge via a 100Q) resistor. ERRO1
is asserted after the ERRO delay time, which is
the delay time for ERRO1 and ERRO2. POR is
asserted immediately. The F_LDOx_OC bits
(where x = 1to 5) (07h, bits[4:0]) record the over-
current (OC) fault in the corresponding LDO. In
addition, the MPQ70700FS’s state machine
transitions from its current state to fail safe or fail
recovery, which can be set via the
F_GUP_LDOx_OC bits (where x =1 to 5) (12h,
bits[4:0]).

Once an OC fault occurs, if fail safe is selected,
then Vv on/off control is required to work
properly again. If fail recovery is selected and
lour drops below the OCP Ilimit, then the
MPQ70700FS resumes normal operation during
the next power-on sequence.

Figure 21 shows an example of an OC fault that
causes a failsafe state, and the recovery from fail
safe.

I
I
teoococ oes —pl | at— '
Other Vourx and { { ~ R,
GPIO Outputs I
— -~ POR
POR } } | Delay
Ll r
Il

ERRO1 } { e
ERRO2 \ |
| ERRO

! Delay

Figure 21: loutx OC Fault Reaction

Adaptive Clock Enable Control

In normal idle state, the MPQ70700FS can
disable the clock automatically. This disables the
digital domain while the digital block does not
take any action. The MPQ70700FS does not
require a response from the digital block, which
decreases the quiescent current (lg) and saves
power.

Any fault events, sequence events, and I°C
communications trigger the MPQ70700FS to
enable the clock and for the digital block to take
action if a fault or sequence event occurs. Once
all missions are done, the part disables the clock
again to save power in normal IDLE state. If the
ERRO1 and ERRO2 pins pull up Viy via a 100kQ
resistor, then lo exceeds the previous value
since ERRO1 and ERRO2 are pulled down. A
clear fault flag can pull ERRO1 and ERROZ2 high
again, then Ilg is equal to the previous value.

Figure 22 shows ERRO2 connected to Vi via a
100kQ resistor and the VIN shutdown current
(lo_orr) under an ERRIN fault.

In normal idle state

ERRIN

: :

H
ERRIN fault
is removed

lo_oFr
ERRO2

H '
ERRIN fault ERRIN fault flag
occurs clears

Figure 22: Ig orr under an ERRIN Fault

Only normal idle state provides adaptive clock
enable control. In other states, the
MPQ70700FS cannot disable the clock.
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Error Input (ERRIN)

ERRIN is an error input pin for the system error
check. ERRIN’s valid level is configurable,
determined via the ERR_MODE (14h)
command, to detect a valid error when ERRIN is
pulled high or low. If a valid error signal is sent to
ERRIN, then the MPQ70700FS must reset POR
and pull down ERROR?2. If the ERRIN signal
recovers, then ERRO2 does not recover to the
high level until the ERRIN fault flag is cleared via
the F_ERRIN bit (02h, bit[4]), and POR can
recover automatically after the POR delay.
Figure 23 show a low valid ERRIN signal as an
example.

Release the
ERRIN signal

\ I T~

ERRIN |
|
|
|

ViLero —— }
—» l————T
|

Time <ERRIN Delay | ERRIN

Del;
POR L_2od

|t
POR Delay = POR Delay | ER;‘m‘ﬁL’;leﬂag

| }/

I
I
| ERRO Delay
ERRO2 !

Figure 23: Low Valid ERRIN Signal

If the ERRIN signal low duration is shorter than
the ERRIN delay, then the POR pin does not
reset and the ERRO2 signal does not pull down.
The ERRIN delay can be configurable via the
ERR_MODE command.

Error Output (ERRO1 and ERRO?2)

ERRO1 and ERRO2 are two error indicator pins.
ERRO2 can only be used for reporting a
watchdog failure and ERRIN fault. ERRO1 can
be used for reporting the other errors. Table 2
shows the device reaction for ERRO1 and
ERRO2.

The MPQ70700FS can enable the fault reaction

of some check functions via  the
FAULT _ENABLE_INTERNAL (09h),
FAULT _ENABLE_SYS (OAh),
FAULT _ENABLE_CHANNELS1 (0Bh),
FAULT_ENABLE_CHANNELS2 (0Ch),
FAULT_ENABLE_CHANNELS3 (0Dh), and

FAULT_ENABLE_TEST (OEh) commands. See
Table 3 on page 45 for some check functions’
fault reaction disabled.

Table 2: Device Reaction with ERRO1 and ERRO2

Fault
Error Type POR ERRO1 | ERRO2 VOUTB?J?dU?PIO State Machine | Register
b Included
Vinx < Vini_uvio F Low Hi-Z Hi-Z Output off Off No
. Fail safe or fail
(13)
Vink OVP Low Low High Output off recovery 49 Yes
OTP single-error . Output status
correction (SEC) fault 3 Low Low High does not change No change Yes
OTP double-error . Output status .
detection (DED) fault Low Low High does not change Fail safe Yes
Logic built-in self-testing . Output status .
(LBIST) fault Low Low High does not change Fail safe Yes
Analog built-in self- . Output status .
testing (ABIST) fault 43 Low Low High does not change Fail safe Yes
Thermal shutdown . Fail safe or fail
(TSD) fault @ Low Low High Output off recovery 44 Yes
Thermal warning (TWN) . Fail safe or fail
fault @ Low Low High Output off recovery 44 Yes
Non-LBISTABLE register | Low or Low High Output off or no | Fail safe or no Yes
double-check fault 43 high @ 9 change #9) reaction 4
Register write check Low or Low High Output off or no | Fail safe or no Yes
fault 43 high 9 9 change @9 reaction 4
Low or . Output off or no | Fail safe or no
Clock check fault high 45) Low High change 49 reaction (4 Yes
MPQ70700FS Rev. 1.0 MonolithicPower.com 44
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Table 2: Device Reaction with Errors (continued)

Vourx and GPIO Fault
Error Type POR ERRO1 | ERRO2 X State Machine | Register
Outputs
Included
Bandgap (BG) monitor Low or . Output off or no | Fail safe or no
fault 13 high 19 Low High change 9 reaction 14 Yes
Runtime register CRC Low or Low High Output off or no | Fail safe or no Yes
fault 13 high 19 9 change 9 reaction 14
State machine check . PRE_LOAD_
fault 43 Low Low High Output off OTP state Yes
[°C PEC fault 43 High Low High No change No reaction Yes
Watchdog failure @ Low @7 High Low No change No reaction Yes
ERRIN fault Low High Low No change No reaction Yes
; Fail safe or fail
(13)
Voutx OV fault Low Low High Output off recovery 449 Yes
; Fail safe or fall
(13)
Voutx UV fault Low Low High Output off recovery 449 Yes
: Fail safe or fail
(12
Voutx OC fault Low Low High Output off recovery 44 Yes
VMON1/2 OV fault @ | Low Low | High outputoff | Falsafeorfail - yeq
recovery
: Fail safe or fail
(13)
VMON1/2 UV fault Low Low High Output off recovery (4 Yes

Notes:

13) Enables the fault reaction via the FAULT_ENABLE_INTERNAL (09h), FAULT_ENABLE_SYS (0Ah), FAULT_ENABLE_CHANNELS1 (0Bh),
FAULT_ENABLE_CHANNELS2 (0Ch), FAULT_ENABLE_CHANNELS3 (0Dh), and FAULT_ENABLE_TEST (OEh) commands. The fault
reaction is enabled by default.

14) Configures the state machine change via the FAULT_REACTION_GUP1 (0OFh), FAULT_REACTION_GUP2
FAULT_REACTION_GUP3 (11h), FAULT_REACTION_GUP4 (12h), and FAULT_REACTION_INTERNAL (13h) commands.

15) This option is influenced by the state machine. If the state machine has no reaction, then POR does not change. If the state machine
changes to fail safe, then POR goes low.

16) This option is influenced by the state machine. If the state machine has no reaction, then the output does not change. If the state machine
changes to fail safe or fail recovery, then the output turns off.

17) Configure the POR pin by pulling it low via the WDT_FAIL_POR bit (4Bh, bit[7]).

(10h),

Table 3: Device Reaction with Disabled Check Functions

Vourx and GPIO Fault
Error Type POR ERRO1 | ERRO2 . State Machine | Register
Outputs
Included
Vin OVP No No No Output status No reaction No
change change change | does not change
OTP single-error No No No Output status No reaction No
correction (SEC) fault change change change | does not change
Analog built-in self- No No No Output status No reaction No
testing (ABIST) fault change change change | does not change
Thermal shutdown No No No Output status No reaction Yes
(TSD) fault change change change | does not change
Thermal warning (TWN) No No No Output status .
No reaction Yes
fault change change change | does not change
Non-LBISTABLE register No No No Output status No reaction No
double-check fault change change change | does not change
Register write check No No No Output status No reaction No
fault change change change | does not change
Bandgap (BG) monitor No Low No Output status No reaction No
fault change change | does not change
Runtime register CRC No No No Output status .
No reaction No
fault change change change | does not change
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Table 3: Device Reaction with Disabled Check Functions (continued)

Fault
Error Type POR ERRO1 | ERRO2 | Yourxand GPIO | oo Machine Register
Outputs
Included
State machine check No No No Output status .
No reaction No
fault change change change | does not change
I2C PEC fault No No No Output status No reaction No
change change change | does not change
Watchdog failure No No No Output status No reaction No
change change change | does not change
No No No Output status .
Vourx OV fault change | change | change | does notchange | N reaction No
No No No Output status .
Vourx UV fault change | change | change | does notchange | N reaction No
No No No Output status .
Vourx OC fault change change change | does not change No reaction No
VMON1/2 OV fault No No No Output status |\ reaction No
change change change | does not change
VMON1/2 UV fault No No No Output status |\ reaction No
change change change | does not change
Output Discharge bit (52h, bit[0]). For more details, see the
An optional 100Q discharge resistor is Packet Error Checking (PEC) section on

connected between the VOUTX pin (where x =1
to 5) to GND. If the shutdown signal and
discharge are enabled, then the discharge path
turns on.

Each LDO can be independently set to enable
output discharge and can be configured via the
OTP.

Built-In  Self-Testing
Configuration

The MPQ70700FS provides built-in self-testing
(BIST) for both critical analog and logic
functions. BIST is optionally executed when the
device starts up, and can be complied online via
the AT_SHDN bit (19h, bit[4]) after power-off
seguence monitoring or via the AT_RCOV bits
(19h, bits[3:2]) after fail recovery (see Figure 16
on page 41). However, certain safety items are
periodically checked while operating, instead of
only being checked once during start-up.

(BIST) and Load

The items that are always checked after BIST
completes are listed below, unless otherwise
noted:

1. I12C protocol packet error checking (PEC):
Data transferred through the 12C have an
attached packet error checking (PEC) code.
The target device rejects data unless the
PEC matches the initiator device. PEC is an
optional function related to the 12C_PEC_EN

page 61.

If the MPQ70700FS triggers an I°C PEC
fault, then the state machine has no reaction,
and all channels’ outputs are normal. Only
ERROL is pulled down, and the F_I2C_PEC
bit (04h, bit[7]) can record the fault flag.

Write 1 to clear the
1°C PEC fault flag

\I

I°C PEC fault
A |

ERRO1

\

|
* ERRO Delay ! .

Figure 24: I°C PEC Fault Reaction

Thermal warning and shutdown: If the silicon
die temperature exceeds the rising threshold
(about 130°C), then a thermal warning
(TWN) is indicated by asserting the F_TWNXx
bit (where x = 1 to 3) (04h, bit[4], bit[2], and
bit[0]), and reported by ERRO1. Once the
temperature drops below the falling
threshold (about 115°C), the MPQ70700FS
recovers from thermal warning.

If the silicon die temperature exceeds the
high rising threshold (about 172°C), then
thermal shutdown (TSD) is also indicated by
asserting the F_TSDx bits (where x = 1 to 3)
(04h, bit[5], bit[3], and bit[1]), and reported by
ERROL. Once the temperature drops below
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the falling threshold (about 157°C), the
MPQ70700FS recovers from thermal
shutdown.

If the MPQ70700FS detects a TWN or TSD
fault, then ERROL is pulled down, and all the
channels’ outputs shut down (see Figure 25).

TWN or TSD fault

ERRO1

\

A
LDOx and Delay
GPIOx

A\

POR

-
-

|
Figure 25: TWN or TSD Fault Reaction

The state machine transition can be
configured to enter failsafe or fail-recovery
state. If the state machine transitions to
failsafe state, then the MPQ70700FS only
starts up again by turning Vinx on or off. If the
state machine transitions to fail-recovery
state, then the system starts up again
automatically after the fail-recovery delay
time (tra_rec py) ends. tea rec by IS
configurable via the DLY_RCOV bits (1Ah,
bits[5:0]). Once the retry times exceed the
upper limit, which is configurable via the
RETRY_CFG_RCOV bits (1Ah, bits[7:6]),
the MPQ70700FS also enters failsafe state.
A TWN or TSD fault can be masked via the
FAULT_ENABLE_SYS (0Ah) command.

Register runtime cyclic redundancy check
(CRC): When there is no data being
transferred, CRC continues operating to
detect accidental changes to the data.

If the MPQ70700FS detects an RTCRC
check fault, then ERROL is pulled down. The
state machine can be configured to no action
or transition to the failsafe state. If the state
machine transitions to failsafe state, then all
channels’ output shut down, and POR is
pulled down. The MPQ70700FS only starts
up again by turning Vinxk on and off. If the
state machine does not change, then all the
channels’ outputs and POR remain

unchanged. An RTCRC check fault can be
masked via the F_EN_RTCRC_AUX bit
(09h, bit[5]) and F_EN_RTCRC bit (09h,
bit[0]).

Figure 26 shows the RTCRC fault reaction.

RTCRC Write 1 to clear RTCRC

Fault RTCRC fault flag Fault
\ e .

ERRO1

Configured to
reaction

|
Configured to enter |
failsafe state }

I

|

|
ERRO Delay ERRO Delay

LDOx and
GPIOx

POR

Figure 26: RTCRC Fault Reaction

State_machine error_monitoring: The state
machine sequence is checked using one-hot
coding, including the system state and
several functional states.

If the system detects a state machine fault,
then the MPQ70700FS resets and starts up
the pre-loaded OTP again. Meanwhile, all
the channels’ outputs shut down, and
ERROL1 is pulled down. State machine faults
can be masked via the F_EN_STATE bit
(09N, bit[4]).

Figure 27 shows the state machine reaction.

State Machine

Fault |
ERROL A \*1

\/

ERRO
LDOx and A Delay
GPIOx
POR A '

\/

Figure 27: State Machine Reaction

Register write check: The I°C write register
map provides an automatic readback check.
If the MPQ70700FS detects a register write
check fault, then ERROL1 is pulled down. The
state machine can be configured to no action
or transition to failsafe state.
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If the state machine transitions to failsafe
state, then all the channels’ outputs shut
down ,and POR is pulled down. The
MPQ70700FS only starts up again by turning
Vinx On or off. If the state machine does not
change, then all the channels’ outputs and
POR remain unchanged. The register write
check fault can be masked via the
F_EN_REG_WR_CHK bit (09h, bit[2]).

Figure 28 shows the register write check fault
reaction.

LDOx and
GPIOx

Clock Fault

/
ERRO1 \

Write 1 to clear the

‘f/ clock fault flag /

Clock Fault

Configured to
no reaction

Configured to enter
failsafe state

o
ERRO Delay

* ol
ERRO Delay

POR

Figure 29: Clock Fault Reaction

Register write check

fault
J
ERRO1 \

'

Write 1 to clear the
register write check fault
flag

Register write
check fault

Configure to
no reaction

Configure to enter

LDOx and
GPIOx

e~

|

T

|

failsafe state }

I

ERRO Delay I

|
ERROXx Delay

POR

Figure 28: Register Write Check Fault Reaction

6. Clock monitor: In addition to system clock

detection, the MPQ70700FS implements two
digital clocks (CLK1 and CLK2). CLK1 is the
system clock, and CLK2 is the reference
clock.

CLK1 or CLK2 can start counting at the same
time. When the CLK1 or CLK2 counter
reaches 100, the count number must be
checked in another clock. This ensures
cross-checking between the system clock
and reference clock.

If the MPQ70700FS detects a clock fault,
then ERRO1 is pulled down. The state
machine can be configured to no action or
transition to failsafe state. If the state
machine transitions to failsafe state, then all
the channels’ outputs shut down, and POR is
pulled down. The MPQ70700FS only starts
up again by turning Vinxk on and off. If the
state machine does not change, then all the
channels’ outputs and POR remain
unchanged.

Figure 29 shows the clock fault reaction.

LDOx and
GPIOx

Non-LBIST volatile memory (NBVM) check:
The MPQ70700FS prepares two sets of
registers that are not monitored by LBIST
check. The two groups are cross-checked to
ensure that the non-LBISTABLE register is
normal.

If the MPQ70700FS detects an NBVM check
fault, then ERROL1 is pulled down. The state
machine can be configured to no action or
transition to failsafe state. If the state
machine transitions to failsafe state, then all
the channels’ outputs shut down, and POR is
pulled down. The MPQ70700FS only starts
up again by turning Vink on and off. If the
state machine does not change, then all the
channels’ outputs and POR remain
unchanged.

NBVM Check Write 1 to clear the NBVM Check

Fault
ul \ }/ NBVM check fault flag / Fault
|
T
|
|
|
I
I
|
I
|
|
I
I
:
|
I
|
|
I
I
:
|

ERRO1

Configured to
no reaction

Configured to enter

T
|
failsafe state }
|

| « »
ERRO Delay ! ERRO Delay

POR

Figure 30: NBVM Check Fault Reaction

Bandgap (BG) monitor: There are two
internal bandgap voltages: the LDO
bandgap voltage (Vsc ipo) and the POR
bandgap voltage (Vec_pro), Which are both
equal to 1.2V. Vec_Lpo generates Vger in the
power stage and monitors the block. Ves_por
generates Vger in the internal LDO (3.1V).
These two bandgap voltages cross-check
each other in the MPQ70700FS.
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If Vinx exceeds Vinx uvio r, then the digital
block resets, and the bandgap monitor starts
operating. The BG fault can be only reported
while waiting for BIST to complete.

If the difference between Vgs_por and Vee 10o
exceeds a certain threshold, then the BG
fault is reported. If the MPQ70700FS detects
a BG fault, then ERROL is pulled down. The
state machine can be configured to no action
or transition to failsafe state. If the state
machine transitions to failsafe state, then all
the channels’ outputs shut down, and POR is
pulled down. The MPQ70700FS only starts
up again by turning Vinx on or off. If the state
machine does not change, then all the
channels’ outputs and POR remain
unchanged.

Figure 31 shows the BG fault reaction.

BG Fault Write 1 to clear the BG Fault

BG fault flag
\ »

|
[
| T
Configured to | Configured to enter |
| |
| |
1 !

no reaction failsafe state

- >
| ERRO Delay | ERRO Delay

I

Il

| ]

| |

| I

| I

- -

| I

POR I }
]

| |

| I

| I
T

| I

Figure 31: BG Fault Reaction

The items checked during start-up are listed
below:

1. Non-volatile memory (NVM) error correction

code (ECC): While loading the configuration
from the NVM, every 32 bytes of data are
attached with 7 ECC bits to protect against
data integrity issues and maximize system
availability. For 1-bit errors, single errors can
be corrected using single-error correction
(SEC), but double errors can only be
detected using double-error detection (DED).
The MPQ70700FS applies ECC again after

BIST since all registers are reset during BIST.

Single-error correction (SEC): If SEC occurs,
then the fault is reported in the F_OTP_SEC

bit (08h, bit[3]), ERROL1 is pulled down, and
the information is recorded to the
FAULT_TEST (08h) command. Faults in the
FAULT_TEST command can be written to 1
to be cleared. Before clearing the fault, the
host can read the error status from the
FAULT_TEST command and respond.

Double-error detection (DED): If DED
occurs, then the fault is reported in the
F_OTP_DED bit (08h, bit[2]), the information
is recorded in the FAULT_TEST command,
and ERRO1l is pulled down. The
MPQ70700FS enters failsafe state. The
F_OTP_DED bit cannot be written to 1 to
clear the fault flag.

Analog built-in_self-testing (ABIST): ABIST
typically involves exercising diagnostic
circuits into and out of fault scenarios by
injecting currents or voltages into the
diagnostic circuit. This ensures that the
diagnostic circuit can switch to both fault and
non-fault states. The analog circuit is
controlled by a digital circuit that verifies the
correct functionality of the analog safety
mechanisms.

During this process, the LDO output
OV/UV/OC comparators, external monitor
OV/UV comparators, bandgap monitor
comparators, and thermal monitor
comparators are checked. If an error is
detected in ABIST, then ERROL1 is pulled
down, and the error is reported in the
F_BIST_A bit (08h, bit[1]). The information is
recorded in the FAULT_TEST command.
The F_BIST_A bit can be written to 1 to be
cleared.

Logic _built-in__self-testing (LBIST): The
MPQ70700FS’s logic circuits are checked
during LBIST. If an error is detected in LBIST,
then ERROL1 is pulled down, and the error is
reported in the F_BIST_L bit (08h, bit[0]).
The information is recorded in the
FAULT_TEST command. The F_BIST_L bit
cannot be written to 1 to be cleared, meaning
ERROL1 remains latched.
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WATCHDOG OPERATION

The watchdog (WD) monitors the software
execution of an external microcontroller. It can
reset the MPQ70700FS’s POR pin via the
WDT_FAIL_POR bit (4Bh, bit[7]) if the
microcontroller stops serving the watchdog due
to a lock-up in the software from the watchdog
fault count reaching its limit.

There are two different watchdog configurations
in the MPQ70700FS: window watchdog and
Q&A watchdog. These configurations can be
selected via the WDT_MODE bit (4Bh, bit[6]).

Watchdog operation occurs in two steps,
described below:

1. Detect whether the POR pin is pulled high. If
the MPQ70700FS detects the POR pin is
pulled high, then the watchdog begins
counting the delay time. The watchdog delay
time is twor pLy, and is determined using the
WDTDLY bit (4Bh, bits[2:0]), as well as the
closed and open window times. twor pLy IS
typically used for the microcontroller loads’
code.

2. After twor pLy ends, the watchdog starts the
first watchdog sequence and the counter’s
closed window time. At this point, the
watchdog starts to work properly, and the
microcontroller must provide the correct
feeding signal to the MPQ70700FS.

Window Watchdog Operation

The window watchdog is the default operating
configuration of the MPQ70700FS’s watchdog.

Figure 32 and Figure 33 on page 51 show the
window watchdog timing diagrams that define
watchdog refreshment.

The microcontroller that is being monitored must
write a different value to the WDTKEY (50h)
command within the open window via the I°C,
which is called a good WD refreshment. Figure
32 on page 51 shows an example of good WD
refreshments. The microcontroller reads the
WDT_KEY bits (50h, bits[7:0]) before writing
these bits. This ensures that the written value is
different from the previously read value; this is
also called a write update.

If a write update is sent during the closed
window, which is called a bad WD refreshment,
then the watchdog fault counter increases by 1.
This signals that a potential microcontroller fault
has occurred.

If a write update is not sent, which is called a WD
timeout, then the WDT_EXPIRE bit (56h, bit[0])
is set to 1, and the watchdog fault counter
increases by 1. During a watchdog sequence,
the value written to the WDT_KEY bits is always
the same as the previous value; otherwise, no
write command is sent to the WDT_KEY bits,
which is considered a WD timeout. Figure 33 on
page 51 shows an example of bad WD
refreshments and WD timeout, where the
watchdog fault count limit is set to 4.

A good WD refreshment, bad WD refreshment,
or WD timeout immediately result in starting a
new window watchdog sequence using a new
closed window, followed by an open window.
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Figure 32: Timing Diagram of the Window Watchdog (Good WD Refreshments) 8

Note:
18) WDTKEY_N is separate from WDTKEY_N - 1 (where N > 0).
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Figure 33: Timing Diagram of Window Watchdog (Bad WD Refreshments and WD Timeout)

Q&A Watchdog Operation

The Q&A watchdog is another operation that
monitors the microcontroller. Setting the
WDT_MODE bit (4Bh, bit[6]) to 1 configures the
watchdog for the Q&A watchdog.

In the Q&A watchdog, the device provides a
guestion (TOKEN) for the microcontroller via the

bits (55h, bits[7:3]). The
microcontroller performs a fixed series of
arithmetic operations on the question to
calculate the required 32-bit answer. This
answer is split into 4 answer bytes. The
microcontroller writes these answer bytes via the
I°C, 1 byte at a time, into the WDTKEY command

WDT_TOKEN
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The device verifies that the microcontroller
returns the answer bytes within the specified
timing windows, and that the answer bytes are
correct. A new question is generated only if a
good WD refreshment occurred in the previous
Q&A watchdog sequence, causing the token
counter (internal counter) to increment and
generate a new question.

The microcontroller sends the correct answer
bytes calculated for the current question within
the correct Q&A watchdog window and in the
correct order, which is called a good WD
refreshment. Then the watchdog error counter
set via the WDT_ACT_STATE bits (54h,
bits[3:0]) has no change, and the internal token
counter increases by 1, causing a hew question
to be generated.

An event is considered a bad WD refreshment if
the microcontroller sends the following
situations:

e The answer bytes are correct and in order,
but the last answer is not in the open
watchdog window

¢ Incorrectly calculated answer bytes

e The correct answer bytes in the wrong order

If the MPQ70700FS detects a bad WD
refreshment, then the watchdog error counter set
viathe WDT_ACT_STATE bits increases by 1 or
2, signaling a potential microcontroller fault has
occurred. The internal token counter does not
change. As a result, the question does not
change. The WDT_STATUS2 (55h) and
WDT_STATUS3 (56h) commands record which
type of watchdog fault occurs.

If the microcontroller stops sending answer bytes
because the MPQ70700FS does not receive four
answers, which is called a WD timeout, then the
WDT_EXPIRE bit is set, and the watchdog error
counter set via the WDT_ACT_STATE bits
increases by 1.

In addition, there is a specific watchdog
refreshment, where the last answer is correct
and sent in the open window, but the first three
answers are not correct. The fault counter does
not change, and the new watchdog question is
not generated in the next watchdog sequence.
The WDT_TOKEN_ERR_SRC bit (55h, bit[1]) is
setto 1.

Table 4 shows that different Q&A watchdog
refreshments cause varying results.

Table 4: Q&A Watchdog Refreshment

Watchdo

Answer

Closed
Window

Open
Window

Action

WDT_STATUS2 (55h) and WDT_STATUS3 (56h)

WDT_ANSO_
ERR_SR
(55h, bit[2])

WDT_
TOKEN_
ERR_SRC
(55h, bit[1])

WDT_
UPDATE_
VIO
(56h, bit[1])

WDT_
EXPIRE
(56h, bit[0])

Comments

4 correct
answers

N/A

1.

2.

3.

A new WD
sequence starts after the
4" WD answer

WDT
counter + 1

A new WD
sequence starts with the
same WD question

fault

3 correct or
incorrect
answers + 1
incorrect
answer

N/A

1

2.

3.

. A new WD
sequence after the 4" WD
answer

WDT
counter + 2

A new WD
sequence starts with the
same WD question

fault

4 WD answers in the

closed window

3 correct or
incorrect
answers

1 incorrect
answer

N/A

3 correct or
incorrect
answers + 1
incorrect
answer

1.

2.

3.

A new WD
sequence starts after the
4" WD answer

WDT
counter + 1

A new WD
sequence starts with the
same WD question

fault

Incorrect 4"

WD

answer in the open

window
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Table 4: Q&A Watchdog Refreshment (continued)

or WD timeout immediately results in starting a
new Q&A watchdog sequence.

The Q&A watchdog is performed step-by-step as
described below:

1. Set the adjustable closed and open window

time. The microcontroller can change the
closed and open window time via the
WDT_CLOSE (4Ch) or WDT_OPEN (4Dh)
commands. If the microcontroller sends a
write command to the WDT_CLOSE or
WDT_OPEN command, then the
MPQ70700FS records the action using the
WDT_CFG_CHG_SRC bit (55h, bit[0]). After
the MPQ70700FS receives the write
command, the watchdog window is
refreshed to the close window and starts a
watchdog sequence. |If the one-time
programmable (OTP) value is the expected
closed or open window time, then this step
can be ignored.

Set the WDT_MODE bit to the Q&A
watchdog. Watchdog mode must be
configured before enabling the watchdog

Watchdog Answer WDT_STATUS2 (55h) and WDT_STATUS3 (56h)
WDT_ WDT_
Closed Open Action WDT_ANS0_ TOKEN_ UPDATE_ WDT_ Comments
. - ERR_SR EXPIRE
Window Window - ERR_SRC VIO (56h, !
(55h, bit[2]) (55h, bit[1]) bit[1]) (56h, bit[0])
1 A new WD 4 correct wD
3 correct 1 correct sequence starts after the 0 0 0 0 atnhswers, and cprrect
answers answer MWD answer 4" WD answer in the
5 The WDT fault open window. The
’ . first three answers
counter remains at the b in th
same value must be sent in the
3 A new WD correct order in this
N/A 4 correct sequence starts with a 0 0 0 0 WD sequence (elther
answers new WD question in the closed window
or open window)
1. A new WD Correct 4" WD
3 incorrect 1 correct sequence starts after the answer in the open
answers answer 4" WD answer 0 1 0 0 window. One or
2. The WDT fault more of the first 3
- counter remains at the answers is wrong in
3 incorrect same value this WD sequence
N/A answers +1 | 3 A new WD 0 1 0 0 (either in the closed
correct sequence starts with the window or open
answer same WD question window)
Less than 4 WD
N/A N/A 1 A new WD 0 0/1 0 1 answers in a WD
sequence starts after the sequr?gce. It the
3 correct or open window ends watchdog answers
incorrect N/A 2. WDT fault 0 o1 0 1 sent are all correct,
answers counter + 1 then the
3. A new WD WDT_TOKEN_ERR
3 correct or sequence starts with the Efl?e (r:wti)étels set tothoé
N/A incorrect i 0 0/1 0 1 J
Ianswers same WD question WDT_TOKEN_ERR
_SRC bitis setto 1
A good WD refreshment, bad WD refreshment, function. If watchdog mode is changed

during watchdog operation, then the
microcontroller must reconfigure the closed
and open window time after changing
watchdog mode. If the OTP value is the
expected watchdog mode, then this step can
be ignored.

Set the WDT_EN bits (4Bh, bits[5:4]) to
enable the watchdog as well as to set the
watchdog fault limit. If the watchdog status is
enabled via the I1°C, then the MPQ70700FS
starts counting twor pLy after POR is pulled
high. Once twor pLy ends, the first watchdog
sequence starts. In every watchdog
sequence, the closed window is timed first.
The microcontroller must read the
WDT_STATUS1 (54h), WDT_STATUS2
(55h), and WDT_STATUS3 (56) command
to obtain the watchdog fault status and
count. If the watchdog fault counter is equal
to the watchdog fault Ilimit, then the
MPQ70700FS reports the watchdog failure.
The POR and ERRO2 pins are pulled down,
and can be configured via the
WDT_FAIL_POR bit (4Bh, bit[7]) and
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F_EN_REG_WD bit (OAh, bit[2]),
respectively. If the OTP value is the expected
watchdog status and fault limit, then this step
can be ignored.

The microcontroller reads the question (via
the WDT_TOKEN  bits) from the
WDT_STATUS2 (55h) command. A 5-bit
seed in WDT_SEED (4Eh, bits[4:0]) (either
stored in the MPQ70700FS or from the
microcontroller) is applied to a linear
feedback shift register (LFSR) inside the
MPQ70700FS to generate a 5-bit question
(via the WDT_TOKEN bits). In every
watchdog sequence, the closed window is
timed first. At the beginning of each
watchdog sequence, the question is read
first. Within a watchdog sequence, the
watchdog question can only be read once. If
the microcontroller reads the question again
in the process of replying to the answers,
then the answer count is refreshed to the
default value.

The microcontroller reads the answer count
via the WDT_ANSW_CNT bits (54h,
bits[7:6]). According to the answer count
order of 2’b11, 2’b10, 2b’01, and 2’b00,
these answers are called Answer-3, Answer-
2, Answer-1, and Answer-0. The default
value is 2'b11 to indicate that the
MPQ70700FS expects the microcontroller to
send Answer-3 viathe WDT_KEY bits. When
the MPQ70700FS receives an answer in a
watchdog sequence, the WDT_ANSW_CNT
bits are decreased by 1. The
WDT_ANSW_CNT bits always change in the
order of 2’b11, 2’b10, 2’b01, and 2’b00. If the
microcontroller reads the question again in
the process of replying to the answers, then
the answer count is refreshed to the default
value.

In a watchdog sequence, the microcontroller
must perform a pre-defined calculation

formula (see Figure 34 on page 55) to
calculate the corresponding 8-bit answer
based on the watchdog question and answer
count. These answers are only applicable to
this  particular watchdog  sequence.
According to the answer count order of
2’b11, 2’b10, 2b’01, and 2’b00, these
answers are called Answer-3, Answer-2,
Answer-1, and Answer-0.

The microcontroller must send these
answers to the WDT_KEY bits one by one. If
the MPQ70700FS does not receive four
answers in a watchdog sequence, then the
MPQ70700FS reports a timeout error at the
end of the open window.

The answer sent by the microcontroller is
verified by the MPQ70700FS. For each
qguestion, the MPQ70700FS requires 4
correct answer bytes from the
microcontroller in the correct order, and
Answer-0 in the open window. Answer-3,
Answer-2, and Answer-1 may be in the
closed window or open window in the correct
order, and Answer-0 must be in the open
window to be detected as a good WD
refreshment.

The new Q&A watchdog sequence results
from a good WD refreshment, bad WD
refreshment, or a timeout error. Only a good
WD refreshment  can make  the
MPQ70165FS generate a new question for
the microcontroller. If a bad WD refreshment
or WD timeout occurs, then a new question
is not generated. Once the new Q&A
watchdog sequence is generated, the
microcontroller reads the WDT_STATUSL1,
WDT_STATUS2, and WDT_STATUS3
commands to obtain the watchdog fault
status and count.
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Question

WDT_FDBK (4Eh, bits[7:5]) = 00x

(where x =0 or 1)

(where x =0 or 1)

%

TOKEN_SEL, bit[3] = WDT_TOKEN (55h, bit[6])
TOKEN_SEL, bit[2] = WDT_TOKEN (55h, bit[5])
TOKEN_SEL, bit[1] = WDT_TOKEN (55h, bit[4])
TOKEN_SEL, bit[0] = WDT_TOKEN (55h, bit[3])

TOKEN_SEL, bit[4] = WDT_TOKEN (55h, bit[3])
TOKEN_SEL, bit[3] = WDT_TOKEN (55h, bit[7])

WDT_FDBK (4Eh, bits[7:5)) = 01x|___, TOKEN_SEL, bit[2] = WDT_TOKEN (55h, bit[5])

TOKEN_SEL, bit[1] = WDT_TOKEN (55h, bit[3])
TOKEN_SEL, bit[0] = WDT_TOKEN (55h, bit[4])

Answer

TOKEN_SEL, bit[0]

TOKEN_SEL, bit[1]

WDT_TOKEN (55h, bit[4])

[WDT_ANSW_CNT (54h, bit[7])

TOKEN_SEL, bit[0]
WDT_TOKEN (55h, bit[6])

[WDT_ANSW_CNT (54h, bit[7])

TOKEN_SEL, bit[2]

WDT_KEY
WDT_TOKEN (55h, bit[7]) (50h, bit[0])
[WDT_ANSW_CNT (54h, bit[7])
TOKEN_SEL, bit[0]
TOKEN_SEL, bit[2] WDT_KEY
TOKEN_SEL, bit[4] = WDT_TOKEN (55h, bit[7]) (50 B[]

WDT_KEY
(50h, bit[2])

WDT_FDBK (4Eh, bits[7:5])

TOKEN_SEL, bit[0]
WDT_TOKEN (55h, bit[7])
[ WDT_ANSW_CNT (54h, bit[7])

WDT_KEY
(50h, bit[3])

WDT_KEY
(50h, bit[4])

\WDT_FDBK (4Eh, bits[7:5]) = 11x
(where x =0 or 1)

TOKEN_SEL, bit[4] = WDT_TOKEN (55h, bit[6])
TOKEN_SEL, bit[3] = WDT_TOKEN (55h, bit[5])
TOKEN_SEL, bit[2] = WDT_TOKEN (55h, bit[6])
TOKEN_SEL, bit[1] = WDT_TOKEN (55h, bit[5])
TOKEN_SEL, bit[0] = WDT_TOKEN (55h, bit[6])

TOKEN_SEL, bit[4]
WDT_TOKEN (55h, bit[3])
WDT_ANSW_CNT (54h, bit[6])

WDT_KEY
(50h, bit[5])

WDT_TOKEN (55h, bit[7])
[WDT_ANSW_CNT (54h, bit[6])
WDT_TOKEN (55h, bit[4])
[WDT_ANSW_CNT (54h, bit[6])
WDT_TOKEN (55h, bit[5])
[WDT_ANSW_CNT (54h, bit[6])

WDT_KEY
(50h, bit[6])
WDT_KEY
(50h, bit[7])

1

Figure 34: Question and Answer Generation for Q&A Mode

‘ Start counting/ twor_py ends

twot_pLy
POR
>
Q&A Watchdog Sequence
P Q&A Watchdog Sequence N L N+1
Watchdog
Window
~n ar Closed Open Closed
Window Window Window
>
Read Write to Write to Write to Write to
WDT WDT_KEY WDT_KEY WDT_KEY WDT_KEY
WDTKEY question & (50h, bits[7:0]) (50h, bits[7:0])! (50h, bits[7:0]) (50h, bits[7:0])
(50h) ~
g Answer-3 Answer-2 Answer-1 Answer-0
>

Figure 35: Timing Diagram of Q&A Watchdog WD Refreshments

Watchdog Error Counter and Watchdog Fail
Flag

The MPQ70700FS provides a watchdog error
counter via the WDT_ACT_STATE bits, which
increases or maintains the value after every
watchdog refreshment.

The watchdog error counter ranges between 0
and 8, and it is initialized to O after the power-on
reset (POR). A good WD refreshment maintains
the value in the WDT_ACT_STATE bits. A bad

WD refreshment and WD timeout increase the
WDT_ACT_STATE bits by 1, up to the maximum
of 8. Once the watchdog error counter reaches
the watchdog failure limit in the WDT_CFG (4Bh)
command, the WDT_ACT_STATE bits are reset
to 0 immediately. The microcontroller does not
read that the WDT_ACT_STATE are equal to 8.

If a watchdog fail event occurs, the watchdog fail
flag set via the F_WD bit (04h, bit[6]) is setto 1,
and the POR and ERRO2 pins are pulled down

MPQ70700FS Rev. 1.0
10/30/2025

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

55

© 2025 MPS. All Rights Reserved.



me

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

via the WDT_FAIL_POR bit and
F EN_REG_WD, respectively.

Watchdog Sequence

One window watchdog sequence in the
MPQ70700FS consists of a closed window,
followed by an open window. Both the window
and Q&A watchdog configurations share the
same watchdog sequence settings.

The watchdog window sequence is derived from
the values in the WDT_OPEN_WIN bits (4Dh,
bits[7:0]) and WDT_CLOSE_WIN bits (4Ch,
bits[7:0]). The microcontroller unit (MCU) can
configure the time period of the closed window
(twp_cLose) and open window (two_open) by writing
to the WDT_OPEN_WIN and
WDT_CLOSE_WIN bits. The watchdog uses the
MPQ70700FS’s internal system clock as a time
reference and tolerates +10% deviances of the
internal oscillator. The microcontroller must allow
a reasonable timing margin during configuration.

Watchdog Synchronization

When the POR pin is released, the external
microcontroller should have been powered up
properly and started its own initialization. The
watchdog starts to operate after twor py ends,
where twpr p.y can be configured via the
WDTDLY bits (4Bh, bits[2:0]).

To synchronize the microcontroller timer with the
watchdog timer, the microcontroller can write to
the WDT_OPEN (4Dh) and WDT_CLOSE (4Ch)
commands to start a new watchdog sequence.
After a write access is sent to the WDT_OPEN
(4Dh) command or WDT _CLOSE (4Ch)
command by the microcontroller, the
WDT_CFG_CHG_SRC bitis setto 1. The device
immediately starts a new watchdog sequence.
Therefore, the write access only takes effect in
this new watchdog sequence.

When the microcontroller timer is synchronized
with the watchdog timer, the MPQ70700FS
requires a clear fault action to de-assert ERRO2
using the microcontroller. To clear the fault, write
1tothe WDT_FAULT_CLR bit (4Fh, bit[1]). Then
the WDT_FAULT_CLR bit must be written to O;
otherwise, the watchdog fault count remains at 0.
A good WD refreshment from the microcontroller
immediately starts a new watchdog sequence. In
this way, the microcontroller remains
synchronized with the watchdog sequence.

Contact an MPS FAE for the full safety-related
instructions.
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STATE MACHINE

The state machine describes the different states pre-loaded one-time programmable (OTP)
of operation (see Figure 36). There are 5 stable memory, BIST after preloaded OTP passes set
states and 11 transient states in the device. The via the AT_POR bits (19h, bits[1:0]), built-in self-
stable states include off, normal idle, active, testing (BIST), reloaded OTP, normal, power on,
sleep, and failsafe. The transient states include sleep mode entry, sleep mode exit, power off, fail

recovery, and BIST after the fail-recovery delay
time ends set via the AT_RCOV (19h, bits[3:2]).

Vint < VNt uvio F

o — —

~

-
Any State
( y Vint > Vint_uvio R

~ ~ — .
( BIST after fail- recovery\ S Preloaded OTP OTP ECC Fail
delay time ends ~ - AT RCOV

~ —

OTP ECC (19h, bits[3:2]) = 1'b11

Configurable Pass

Delay AT_RCOV
[19h, bits[3:2]) =
1'b00

—_—

~
( Fail Recovery >
~

—

Pass
OTP ECC Fall

AT_POR -
(19h, bits[1:0]) ( Reloaded OTP

= 1'b00
OTP ECC Pass

Normal

—_— —

Fault event triggered

(configurable) Fault event triggered

(configurable)

BIST after preloaded > >
( OTP passes BIST @
~ — - —_ .

~
- ~N
e ~N
AN
yz - EN (EN1): o
Low to high AN
/ Turn-off sequence N
/ ends if AT_SHDN \
— - — 19, bit[4]) = 1'b0 — —
/ P ~ (@0, 0its) P - \
/ \  Power Off Power On A
-

/ —_ — ~ - \
| EN (EN1): \
| High to low Turn-on sequence ends l
|
\ GPIO1 (EN2): /

EN (EN1): Turn-on sequence High to low /
\\ High to low ends /
o T~ /
\ \_ Sleep Mode Exit B <~ Sleep Mode /
AN — - \ — Entry <
\ —_— —_— — —_—
AN GPIO1 (EN2): Turn-off sequence / 7
Low to high ends Pz
~ -
~ _— —
Figure 36: Operation State Diagram
MPQ70700FS Rev. 1.0 MonolithicPower.com 57
10/30/2025 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2025 MPS. All Rights Reserved.



MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Off

If the LDO1 and internal circuit supply input
voltage (Vini) drops below its under-voltage
lockout (UVLO) falling threshold (Viniuvio F),
then MPQ70700FS turns off. While the
MPQ70700FS is in the off state, the I12C interface
is disabled.

If Vina exceeds its UVLO rising threshold
(Vin1_uvio_r), then the digital block is reset, and
the MPQ70700FS enters the preloaded OTP
state.

Preloaded One-Time Programmable (OTP)
Memory

While the MPQ70700FS is in the preloaded OTP
state, the device preloads the OTP
configurations and sends the OTP error
correction code (ECC).

In preloaded OTP, the I?C interface is disabled.
If OTP ECC fails (a double error detected), then
the MPQ70700FS enters failsafe state. If single-
error correction (SEC) occurs, then the fault can
only be reported via the ERRO1 pin, and OTP
ECC passes.

If OTP ECC passes, then the MPQ70700FS
enters normal state when the AT_POR bits (19h,
bits[1:0]) are set to 0. This means that the device
does not need to run BIST when it resets. When
the AT_POR bits are set to 1, the device enters
BIST state, which means that analog built-in self-
testing (ABIST) and logic built-in self-testing
(LBIST) run.

Built-In Self-Testing (BIST)

While the MPQ70700FS is in BIST state, the I1°C
interface is disabled, and runs ABIST and LBIST,
which are described below:

1. Analog built-in self-testing (ABIST): The aim
of ABIST is to verify the correct function of
the diagnostic circuits (e.g. voltage
supervisor) and to increase the detection of
latent faults.

ABIST typically involves  exercising
diagnostic circuits into and out of fault
scenarios by injecting currents or voltages
into the diagnostic circuit to ensure that the
diagnostic circuit (e.g. under-voltage and
over-voltage monitoring, and the thermal
protection circuits) can switch to both faulted
and non-faulted states.

2. Logic built-in self-testing (LBIST): The aim of
LBIST is a no-bit error for the register and
combinational/sequential logic blocks.

Test vectors are applied to the digital core to
verify the correct functionality.

The MPQ70700FS enters reloaded OTP state
after BIST pass, then enters failsafe state after
BIST fails. Afterwards, the related faults are
reported.

Reloaded One-Time Programmable (OTP)
Memory

While the MPQ70700FS is in reloaded OTP, it
reloads the OTP configurations and sends the
OTP ECC.

The MPQ70700FS enters normal state when the
OTP ECC passes; the device enters failsafe
state if the OTP ECC fails. Afterwards, the
related faults are reported.

Normal

While the MPQ70700FS is in normal state, the
I°C interface is available. If a thermal shutdown
(TSD) or thermal warning (TWN) fault event is
triggered in normal state, then the MPQ70700FS
can be configured to enter failsafe state or fail-
recovery state via the
FAULT_REACTION_GUP1 (OFh) command.

The device returns to the off state if the input
voltage (Vinx) is below its UVLO falling threshold
(Vinx_uveo f). If no fault occurs in normal state,
then the device enters normal idle state.

Normal Idle

While the MPQ70700FS is in normal idle state,
the I°C interface is available. The device waits
for the EN (EN1) voltage (Ven) to exceed its
rising threshold (Vii_en r). The MPQ70700FS
enters the power-on state after Ven exceeds
VIH_EN_R.

Power On

While the MPQ70700FS is in power-on state, the
I2C interface is available. All the LDO and GPIO
outputs enter the power-on sequence.

If no other faults occur, then the MPQ70700FS
enters active state once the turn-on sequence
ends.
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Active

While the MPQ70700FS is in active state, the I1°C
interface is available. If Ven drops below its
falling threshold (Vi__en_r) in active state, then the
MPQ70700FS enters power-off state.

If GPIO1 is configured as an input pin in active
state, then the GPIO1 input voltage (Verio1)
drops below its input high threshold (Vi4_grio1),
and the MPQ70700FS enters sleep mode entry
state.

Power Off

While the MPQ70700FS is in power-off state, the
I°C interface is available. All LDO and GPIO
outputs shut down according to the turn-off
sequence. The MPQ70700FS returns to normal
idle state once the power-down sequence ends.

Sleep Mode Entry

During sleep mode entry, the I°C interface is
available. These outputs are controlled by
GPIO1 (EN2), which shuts down according to
the turn-off sequence. The MPQ70700FS enters
sleep state once the turn-off sequence ends.

Sleep Mode

While the MPQ70700FS is in sleep mode, the
I°C interface is available and shuts down the
outputs that are controlled by GP1O1 (EN2). The
EN2_GROUP (17h) command configures which
channels can be controlled by GP1O1 (EN2).

If GPIO1 (EN2) goes high in sleep mode, then
the MPQ70700FS enters sleep mode exit state.

If EN (EN1) goes low in sleep mode, then the
MPQ70700FS enters power-off state.

Sleep Mode Exit

During sleep mode exit, the I°C interface is
available. These outputs are controlled by
GPIO1 (EN2), which starts up according to the
turn-on sequence. The MPQ70700FS enters
active state once the turn-on sequence ends.

Failsafe

While the MPQ70700FS is in failsafe state, the
I2C interface is available. The I2C disables the
output and waits for a new power cycle.

If any of the faults listed below occurs, then the
MPQ70700FS enters failsafe state. There are no
LDO outputs, and the part does not restart until
VINX (where x = 1 to 3) cycle resets. Once VINX
resets, the MPQ70700FS is configurable to run

BIST again via the AT_POR bits. If the AT_POR
bits are setto 1, then the device runs BIST again.

If any of the below configurable faults occur, then
the MPQ70700FS reports the fault and enters
failsafe state:

¢ Input over-voltage (OV) fault

e Thermal shutdown or thermal warning
e Output OV or under-voltage (UV) fault
e Output over-current (OC) fault

e Voltage monitor OV or UV fault

¢ Bandgap fault

e Clock monitor fault

e Register cyclic redundancy check (CRC)
fault

e Register write check fault
e Non-LBISTABLE register double-check fault

If any of the below non-configurable faults occur,
then the MPQ70700FS reports the fault and
enters failsafe state:

e OTPECC
e ABIST or LBIST

Fail Recovery

While the MPQ70700FS is in fail-recovery state,
the I°C interface is available and enters recovery
operation with a configuration delay time. After
the delay time completes, if the AT_RCOV bit is
set to 0, then the MPQ70700FS enters normal
state; if AT _RCOV is set to 1, then the
MPQ70700FS enters BIST state.

If any of the below faults occurs, then the
MPQ70700FS reports the fault and can be
configured to enter fail-recovery state:

e Input OV fault

e Thermal shutdown or thermal warning
e Output OV or UV fault

e Output OC fault

e Voltage monitor OV or UV fault
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I2C INTERFACE

I2C Serial Interface Description

The I2C bus is a two-wire, bidirectional serial
interface, consisting of a serial data line (SDA)
and a serial clock line (SCL). The lines are
externally pulled to a bus voltage (Veus) when
they are idle. When connected to the line, an
initiator device generates the SCL signal and
device  address, then  arranges  the
communication sequence. The MPQ70700FS
works as a target-only device, which supports up
to 1Mbs of bidirectional data transfer in fast-
mode plus, adding flexibility to the sequencer.
Device parameters can be instantaneously
controlled via the I1°C interface.

Data Validity

One clock pulse is generated for each data bit
transferred. The data on SDA must be stable
during the clock’s high period. The SDA line’s
high or low state only changes when the clock
signal on the SCL line is low (see Figure 37).

o/ X X
o/ N/ N\

SDA Stable, Change of
Data Valid  Data Allowed

Figure 37: Bit Transfer on the I1°C Bus

Start and Stop Commands

Start (S) and stop (P) commands are signaled by
the initiator device, which signifies the beginning
and the end of the I12C transfer. A start command
is defined as the SDA signal transitioning from
high to low while SCL is high. A stop command
is defined as the SDA signal transitioning from
low to high while SCL is high (see Figure 38).

B

SDA | | __ | /
scL | s l | p |
—_—d —_—d

Start Command Stop Command

Figure 38: Start and Stop Commands

Start and stop commands are always generated
by the initiator. The bus is considered busy after
a start command. The bus is considered free
again after a delay following a stop command.

The bus remains busy if a repeated start (Sr)

command is generated instead of a stop
command. Start and repeated start commands
are functionally identical.

Data Transfer

Every byte placed on SDA must be 8 bits long.
Each byte must be followed by an acknowledge
(ACK) bit. The acknowledge-related clock pulse
is generated by the initiator. The transmitter
releases the SDA line (high) during the
acknowledge clock pulse. The receiver must pull
down the SDA line during the acknowledge clock
pulse, allowing it to remain stable (low) during
the clock pulse’s high period.

Figure 39 shows the data transfer format.

o O B N [

et address  RW  ACK Data ACK Data ACK Stop

[ .
[ .
[ b
SCL} : 1-7 8 9 1-7 8 9 1-7 8 9 : :
[ .
1S 1P
I R S

St

Figure 39: Complete Data Transfer

After the start command, a slave address is sent.
This address is 7 bits long, followed by an 8th
data direction bit. The data direction bit
determines whether the transmission is a read
(R) or write (W). A 0 indicates a write
transmission, and a 1 indicates a read (a request
for data). A data transfer is always terminated by
a stop command generated by the initiator.
However, if the initiator still wants to
communicate on the bus, then it can generate a
repeated start command and address another
target without first generating a stop command.

Write Data Format

A write to the MPQ70700FS includes a start
command, the target device address with the
read/write (RW) bit set to 0, 1 data byte to the
register address, 1 data byte to the register
content, and a stop command.

Sequential writing is also supported in the
MPQ70700FS, where multiple bytes can be
written into the registers. The 1st data byte can
be written to register address N, and the 2" data
byte can be written to register address N++, and
S0 on, until a stop command is received. When
packet error checking (PEC) is enabled, the
MPQ70700FS does not support sequential
writing.

MPQ70700FS Rev. 1.0
10/30/2025

MonolithicPower.com 60
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2025 MPS. All Rights Reserved.



me

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Figure 40 shows an I°C write single register
example, and Figure 41 on page 62 shows an
I2C sequential write register example.

I°C Address Pin

The MPQ70700FS supports 127 different
addresses (00h to 7Fh), which can be preset to
the 12C_ADDRESS (51h) command via the I°C
bus. The I°C address’s high 5 least significant bit
(5LSB) address is controlled via the
[2C_ADDRESS_NVM bits (51h, bits[6:2]). The
I°C address’s low 2LSB can be configured via
the ADDR pin (see Table 5).

Table 5: I°C Address Low 2LSB Configuration

I2C_ADDRESS_PIN
(51h, bits[1:0])

00 ADDR connected to GND
ADDR connected to GND

Configuration

01 via a 100kQ resistor

10 ADDR connected to VIN1
via a 100kQ resistor

11 ADDR connected to VIN1

The 1?C function can be disabled to further
decrease the quiescent current (lg) via the
[2C_1O_CTL (53h) command. The I2C is only
disabled in normal idle state, and it is
automatically enabled once the EN pin voltage
(Ven) exceeds its rising threshold (ViH_en_Rr).

8 bits 8 bits
A A

Read Data Format

A read to the MPQ70700FS includes a start
command; the target device address with the
R/W bit set to 1; 1 data byte to the register
address, followed by a repeat start command;
the same target device address; 1 data byte from
the target, and a stop command.

Sequential reading is also supported in the
MPQ70700FS, where multiple bytes can be
sequentially read from the power management
(PMIC) registers with register address++.

Figure 42 on page 62 shows an I°C read single
register example, and Figure 43 on page 62
shows an I?°C read multi-byte register example.

Packet Error Checking (PEC)

PEC improves communication reliability and
robustness. Whenever applicable, PEC is
implemented by appending a packet error code
after the data of each message transfer.

PEC is a CRC-8 error-checking byte, calculated
on all the message bytes (including addresses
and R/W bits). PEC is appended to the message
by the device that supplied the last data byte. In
addition, PEC is register-configurable to be
disabled if not necessary.

If an incorrect PEC is received or no PEC value
is sent during the write command, then the
MPQ70700FS does not receive the data. The
PEC fault is reported, and the ERRO1 pin
asserts.

8 bits
A

4 ) /4

N

| S | Target Address | Wr | A | Register Address K | A | Write Data K | A | P |
N J

~

Write register data from the current register location

I:l Initiator to Target A = Acknowledge (SDA = low) S = Start Command Wr (Write) = 0
I:' Target to Initiator NA = Not Acknowledge (SDA = high) P = Stop Command Rd (Read)=1
Figure 40: I1>)C Write Single Register Example
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8 bits 8 hits 8 hits

b A N A J N

| s | TargetAddress | Wr | A| Register AddressK | A | Wiite Datak [ A | write Datak +1 | A|eee | Wiite Datak +N [A | P |
C J

Y
Multi-byte write executed from the current register location
(the read-only register is skipped)

l:’ Initiator to Target A = Acknowledge (SDA = low) S = Start Command Wr (Write) = 0

|:| Target to Initiator ~ NA = Not Acknowledge (SDA = high) P = Stop Command Rd (Read) =1

Figure 41: I2C Sequential Write Register Example

Sjjdts 8}b\its 8 bits 85)\its
A
/4 A /4 N 4 A /4 N
| S | Target Address | Wr | A | Register Address K | A | Sr | Slave Address | RD | A | Read Data K | NA | P |
N A J

~

. Y
Register address to read Read register data from current register location

specified
l:l Initiator to Target A = Acknowledge (SDA = low) S = Start Command Sr = Repeat Wr (Write) = 0
Start Command
l:’ Target to Initiator ~ NA = Not Acknowledge (SDA = high) P = Stop Command Rd (Read) =1
Figure 42: I1°C Read Single Register Example
8 bits 8 bits 8 bits 8 hits
A A
s N~ N
| S | Target Address | Wr Register Address K Sr | Slave Address | RD Read Data K Read Data K + 1 '" Read Data K + N | NA | P |
N ~ N ~ J
Register address to read specified Multi-byte read executed from current register location
[ ] nitiator to Target A= Acknowledge (SDA = low) S=Start Command  Sr = Repeat Wr (Write) = 0
Start Command
|:| Target to Initiator NA = Not Acknowledge (SDA = high) P = Stop Command Rd (Read) =1

Figure 43: I°2C Read Multi-Byte Register Example
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SUPPORTED I2C COMMANDS

Command

Code Command Name Type | Bytes | OTP | RTCRC | Default @ | Lockout
00h DEVICE_REV R 1 Yes No 00h No
01lh WRITE_PROTECT R/W 1 No No B6h No
02h FAULT_GROU R/W 1 No No 00h No
03h FAULT_INTERNAL R/W 1 No No 00h No
04h FAULT_SYS R/W 1 No No 00h No
05h FAULT_CHANNELS1 R/W 1 No No 00h No
06h FAULT_CHANNELS2 R/W 1 No No 00h No
07h FAULT_CHANNELS3 R/W 1 No No 00h No
08h FAULT_TEST R/W 1 No No 00h No
09h FAULT_ENABLE_INTERNAL R/W 1 Yes Yes 00h Yes
0Ah FAULT_ENABLE_SYS R/W 1 Yes Yes 00h Yes
0Bh FAULT_ENABLE_CHANNELS1 R/W 1 Yes Yes 00h Yes
0Ch FAULT_ENABLE_CHANNELS2 R/W 1 Yes Yes 00h Yes
0Dh FAULT_ENABLE_CHANNELS3 R/W 1 Yes Yes 00h Yes
OEh FAULT_ENABLE_TEST R/W 1 Yes Yes 00h Yes
OFh FAULT_REACTION_GUP1 R/W 1 Yes Yes 00h Yes
10h FAULT_REACTION_GUP2 R/W 1 Yes Yes 00h Yes
11h FAULT_REACTION_GUP3 R/W 1 Yes Yes 00h Yes
12h FAULT_REACTION_GUP4 R/W 1 Yes Yes 00h Yes
13h P T REACTION GUP_ RW | 1 | Yes | Yes 00h Yes
14h ERR_MODE R/W 1 Yes Yes 00h Yes
15h IO_STAT R 1 Yes No - No
16h FORCE_CTL R/W 1 Yes Yes 00h Yes
17h EN2_GROUP R/W 1 Yes Yes 00h Yes
18h CHANNEL_EN R/W 1 Yes Yes 00h Yes
19h TEST_CFG R/W 1 Yes Yes 00h Yes
1Ah DLY_RCOV_CFG R/W 1 Yes Yes 00h Yes
1Bh GPIO_CFG R/W 1 Yes Yes 00h Yes
1Ch TIME_SLOT R/W 1 Yes Yes 00h Yes
1Dh SEQ_GPIO1 R/W 1 Yes Yes 00h Yes
1Eh SEQ_GPIO2 R/W 1 Yes Yes 00h Yes
1Fh SEQ_GPIO3 R/W 1 Yes Yes 00h Yes
20h SEQ_GPIO4 R/W 1 Yes Yes 00h Yes
21h VREF_LDO1 R/W 1 Yes Yes 00h Yes
22h SETUP_LDO1 R/W 1 Yes Yes 00h Yes
23h SEQ_LDO1 R/W 1 Yes Yes 00h Yes
24h VREF_LDO2 R/W 1 Yes Yes 00h Yes
25h SETUP_LDO2 R/W 1 Yes Yes 00h Yes
26h SEQ_LDO2 R/W 1 Yes Yes 00h Yes
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SUPPORTED I>°C COMMANDS (continued)

Command

Code Command Name Type | Bytes | OTP | RTCRC | Default @ | Lockout
27h VREF_LDO3 R/W 1 Yes Yes 00h Yes
28h SETUP_LDO3 R/W 1 Yes Yes 00h Yes
29h SEQ _LDO3 R/W 1 Yes Yes 00h Yes
2Ah VREF_LDO4 R/W 1 Yes Yes 00h Yes
2Bh SETUP_LDO4 R/W 1 Yes Yes 00h Yes
2Ch SEQ_LDO4 R/W 1 Yes Yes 00h Yes
2Dh VREF_LDO5 R/W 1 Yes Yes 00h Yes
2Eh SETUP_LDO5 R/W 1 Yes Yes 00h Yes
2Fh SEQ_LDO5 R/W 1 Yes Yes 00h Yes
30h POR1_CTL_CTH R/W 1 Yes Yes FFh Yes
31lh POR2_CTL_CTH R/W 1 Yes Yes FFh Yes
32h POR3 _CTL_CTH R/W 1 Yes Yes FFh Yes
33h POR4_CTL_CTH R/W 1 Yes Yes FFh Yes
34h POR5_CTL_CTH R/W 1 Yes Yes FFh Yes
35h POR_CTL_DLY R/W 1 Yes Yes 00h Yes
36h MON1_OV_VTH R/W 1 Yes Yes FFh Yes
37h MON1_UV_VTH R/W 1 Yes Yes 00h Yes
38h MON1_MODE R/W 1 Yes Yes 00h Yes
39h MON2_OV_VTH R/W 1 Yes Yes FFh Yes
3Ah MON2_UV_VTH R/W 1 Yes Yes 00h Yes
3Bh MON2_MODE R/W 1 Yes Yes 00h Yes
3Ch LDO1 _OV_VTH R/W 1 Yes Yes FFh Yes
3Dh LDO1_UV_VTH R/W 1 Yes Yes 00h Yes
3Eh LDO1_MODE R/W 1 Yes Yes 00h Yes
3Fh LDO2_OV_VTH R/W 1 Yes Yes FFh Yes
40h LDO2_UV_VTH R/W 1 Yes Yes 00h Yes
41h LDO2_MODE R/W 1 Yes Yes 00h Yes
42h LDO3_OV_VTH R/W 1 Yes Yes FFh Yes
43h LDO3_UV_VTH R/W 1 Yes Yes 00h Yes
44h LDO3_MODE R/W 1 Yes Yes 00h Yes
45h LDO4_OV_VTH R/W 1 Yes Yes FFh Yes
46h LDO4 _UV_VTH R/W 1 Yes Yes 00h Yes
47h LDO4_MODE R/W 1 Yes Yes 00h Yes
48h LDO5 OV_VTH R/W 1 Yes Yes FFh Yes
49h LDO5_UV_VTH R/W 1 Yes Yes 00h Yes
4Ah LDO5_MODE R/W 1 Yes Yes 00h Yes
4Bh WDT_CFG R/W 1 Yes Yes 00h Yes
4Ch WDT_CLOSE R/W 1 Yes Yes 00h Yes
4Dh WDT_OPEN R/W 1 Yes Yes 00h Yes
4Eh WDT_QA CFG R/W 1 No Yes 00h Yes
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SUPPORTED I>°C COMMANDS (continued)

Co&nonaznd Command Name Type | Bytes | OTP | RTCRC | Default @ | Lockout
4Fh WDT_TEST R/W 1 No Yes 00h Yes
50h WDTKEY R/W 1 No Yes 00h Yes
51h I2C_ADDRESS R/W 1 No Yes 08h Yes
52h [2C_CONFIG R/W 1 Yes Yes 00h Yes
53h |2C_IO_CTL RIW 1 No Yes 01h No
54h WDT_STATUS1 R 1 No No 00h No
55h WDT_STATUS2 R 1 No No 00h No
56h WDT_STATUS3 R 1 No No 00h No
57h BIST_STATUS R 1 No No 00h No
58h FORCE_EXIT_FS R/W 1 No No 00h No

Note:

19) The default value is the initial configuration for the MPQ70700FS-0000 registers. These values can be redefined if the OTP function is

available.
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REGISTER MAP

DEVICE_REV (00h)

Format: Unsigned binary

POR Value: 0x00

The DEVICE_REV command returns the device information through the register type.

Bits Access | Bit Name Description

7:0 R/W DEVICE_REV Returns the device’s revision information.

WRITE_PROTECT (01h)

Format: Unsigned binary

POR Value: 0xB6

The WRITE_PROTECT command can protect specific read/write (R/W) commands that include lockout
(indicated as “Yes” for the Lockout column in the Supported 12C Commands section starting on page 63)
by making them read-only. These R/W commands’ default status is unlocked after power on. The status

is changed to lockout when the other values (except for the default value) is written to the register. Once
the default value is written to the register again, the specific R/W commands are unlocked.

Bits Access | Bit Name Description

Makes specific R’/W commands that include lockout read-only.

70 RIW WRITE_PROTECT 8'b10110110: Unlocks the specific R/W commands that include lockout
Other values: Locks out the specific R/W commands that include lockout

FAULT_GROUP (02h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_GROUP command indicates whether any of the following errors occurred: ERRIN fault,
internal fault, system fault, channel fault, and test fault. This command supports writing 1 to clear the fault
flag.

Bits Access | Bit Name Description
75 R/W RESERVED Reserved.

If the ERRIN status changed from high to low, or from low to high, then the
MPQ70700FS detects an ERRIN fault. This bit is set to 1.

1’b0: No ERRIN fault has occurred
1’b1: An ERRIN fault has occurred

4 R/W F_ERRIN

If an internal fault occurs in the MPQ70700FS, then this bit is set to 1. See the
FAULT_INTERNAL (03h) command on page 67 for more details regarding the

3 R/W E INTERNAL internal fault types.

1’b0: No internal fault has occurred
1’b1: An internal fault has occurred

If a system fault occurs in the MPQ70700FS, then this bit is set to 1. See the
FAULT_SYS (04h) command on page 68 for more details regarding system

2 RW | F_SYS fault types.

1’b0: No system fault has occurred
1'b1: A system fault has occurred
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R/W

F_CHANNELS

If a fault occurs in any of the MPQ70700FS’s channels, then this bit is set to 1.
See the FAULT_CHANNELS1 (05h) command on page 69,
FAULT_CHANNELS?2 (06h) on page 70, and FAULT_CHANNELS3 (07h) on
page 71 for details regarding the channel fault types.

1’b0: No fault occurs in any of the MPQ70700FS’s channels
1’b1: A fault occurs in one of the MPQ70700FS’s channels

R/W

F_TEST

If a test fault occurs in the MPQ70700FS, then this bit is set to 1. See the
FAULT_TEST (08h) command on page 71 for more details regarding the test
fault types.

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

FAULT_INTERNAL (03h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_INTERNAL command indicates internal faults, including the state machine fault, non-LBIST
volatile memory (NBVM) fault, register write check fault, clock check fault, bandgap (BG) voltage check
fault, and RTCRC fault. This command supports writing 1 to clear the fault flag.

Bits

Access

Bit Name

Description

7:6

R/W

RESERVED

Reserved.

R/W

F_STATE

Indicates whether a state machine fault occurs. The state machine fault is a
one-hot coding state error of the system controller or power sequence
controller.

1’b0: No state machine fault has occurred
1’b1: A state machine fault has occurred

R/W

F_NBVM_CHK

Indicates whether a non-LBISTABLE register double-check (NBVM check) fault
occurs. NBVM check focuses on registers that are not checked by the LBIST
check function. This ensures that all registers can be checked.

1’b0: No NBVM check fault has occurred
1’b1: A NBVM check fault has occurred

R/W

F_REG_WR_CHK

Indicates whether a register write check fault occurs. A register write check
detects whether the register value is the same as the written data.

1'b0: No register write check fault has occurred
1'b1: A register write check fault has occurred

R/W

F_CLK

Indicates whether a clock check fault occurs.

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

R/W

Indicates whether a bandgap (BG) voltage check fault occurs.

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

R/W

F_RTCRC

Indicates whether a register runtime CRC (RTCRC) check fault occurs.

1’b0: No RTCRC fault has occurred
1’b1: A RTCRC fault has occurred
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FAULT_SYS (04h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_SYS command indicates system faults, including the I1°C packet error checking (PEC) fault,
watchdog (WD) fault, thermal shutdown 1 (TSD1) fault, thermal warning 1 (TWN1) fault, thermal
shutdown 2 (TSD2) fault, thermal warning 2 (TWN2) fault, thermal shutdown 3 (TSD3) fault, and thermal
warning 3 (TWN3) fault. This command supports writing 1 to clear the fault flag.

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

R/W

F_12C_PEC

Indicates whether an 12C PEC fault occurs. During an 12C write command, if the
PEC value is incorrect, then this bit is set to 1.

1’b0: No 12C PEC fault has occurred
1'b1: An I12C PEC fault has occurred

R/W

F_WD

Indicates whether a WD failure occurs. If the WD fault count reaches the WD
fault limit, then this bit is set to 1.

1’b0: No WD failure has occurred
1’b1: A WD failure has occurred

R/W

F_TSD1

Indicates whether a thermal shutdown 1 (TSD1) occurs. If the MPQ70700FS
detects that the junction temperature (T3) near LDO1 exceeds the thermal
shutdown threshold (Ttsp), then a TSD1 fault is reported, and this bit is set to
1.

1’b0: No TSD1 fault has occurred
1’b1: A TSD1 fault has occurred

R/W

F_TWN1

Indicates whether a thermal warning 1 (TWN1) fault occurs. If the
MPQ70700FS detects that T; near LDO1 exceeds the thermal warning
threshold (TTw), then a TWNZ1 fault is reported, and this bit is set to 1.

1’b0: No TWN1 fault has occurred
1’b1: A TWN1 fault has occurred

R/W

F_TSD2

Indicates whether a thermal shutdown 2 (TSD2) fault occurs. If the
MPQ70700FS detects that Ty near LDO2 or LDO3 exceeds Trsp, then a TSD2
fault is reported, and this is set to 1.

1’b0: No TSD2 fault occurs
1’b1: A TSD2 fault occurred.

R/W

F_TWN2

Indicates whether a thermal warning 2 (TWN2) fault occurs. If the
MPQ70700FS detects that Ty near LDO2 or LDO3 exceeds Ttw, then a TWN2
fault is reported, and this bit is set to 1.

1’b0: No TWNZ2 fault has occurred
1’b1: A TWN2 fault has occurred

R/W

F_TSD3

Indicates whether a thermal shutdown 3 (TSD3) fault occurs. If the
MPQ70700FS detects that T; near LDO4 or LDOS5 exceeds Trsp, then a TSD3
fault is reported, and this bit is set to 1.

1’b0: No TSD3 fault has occurred
1’b1: A TSD3 fault has occurred

R/W

F_TWN3

Indicates whether a thermal warning 3 (TWN3) fault occurs. If the
MPQ70700FS detects that T; near LDO4 or LDOS exceeds Ttw, then a TWN3
fault is reported, and this bit is set to 1.

1’b0: No TWNS fault has occurred
1’b1: A TWN3 fault has occurred
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FAULT_CHANNELS1 (05h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_CHANNELS1 command indicates fault in channel 1, including the voltage monitor 1
(VMONL1) over-voltage (OV) fault, voltage monitor 2 (VMON2) OV fault, LDO1 and internal circuit supply
input voltage (Vin1) OV fault, LDO5 OV fault, LDO4 OV fault, LDO3 OV fault, LDO2 OV fault, and LDO1
QV fault. This command supports writing 1 to clear the fault flag.

Bits Access | Bit Name Description

Indicates whether a VMON1 OV fault occurs. A VMONL1 OV fault indicates that
the VMON1 voltage (Vmon1) exceeds its OV threshold (Vmon:_ov) for a duration
7 RIW F MON1 OV longer than the debounce time.

1’b0: No VMON1 OV fault has occurred
1’b1: A VMONL1 QV fault has occurred

Indicates whether a VMONZ2 OV fault occurs. A VMON2 OV fault indicates that
the VMON2 voltage (Vwmonz) exceeds its OV threshold (Vmonz_ov) for a duration
6 RIW F MON2 OV longer than the debounce time.

1’b0: No VMONZ2 OV fault has occurred
1’b1: AVMON2 QV fault has occurred

Indicates whether a Vin1 OV fault occurs. A Vit OV fault indicates that Ving
exceeds its OV rising threshold (Vint_ov_R).

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

5 RW | F_VIN1_ OV

Indicates whether an LDO5 OV fault occurs. An LDO5 OV fault indicates that
the LDO5 output voltage (Vouts) exceeds its OV rising threshold
4 R/W F LDO5 OV (Vouts_ov_rising) for a duration longer than the debounce time.

1’b0: No LDO5 QV fault has occurred
1’b1: An LDO5 OV fault has occurred

Indicates whether an LDO4 OV fault occurs. An LDO4 OV fault indicates that
the LDO4 output voltage (Vours) exceeds its OV rising threshold
3 R/W F LDO4 OV (Vouts_ov_rising) for a duration longer than the debounce time.

1’b0: No LDO4 QV fault has occurred
1’b1: An LDO4 OV fault has occurred

Indicates whether an LDO3 OV fault occurs. An LDO3 OV fault indicates that
the LDO3 output voltage (Vours) exceeds its OV rising threshold
2 RIW F LDO3 OV (Vouts_ov_rising) for a duration longer than the debounce time.

1’b0: No LDO3 OV fault has occurred
1’b1: An LDO3 OV fault has occurred

Indicates whether an LDO2 QV fault occurs. An LDO2 QV fault indicates that
the LDO2 output voltage (Vourz) exceeds its OV rising threshold
1 R/W FE LDO2 OV (Vout2_ov_rising) for a duration longer than the debounce time.

1’b0: No LDO2 QV fault has occurred
1’b1: An LDO2 OV fault has occurred

Indicates whether an LDO1 OV fault occurs. An LDO1 OV fault indicates that
the LDO1 output voltage (Vour:i) exceeds its OV rising threshold
0 R/W F LDO1 OV (Vout1_ov_rising) for a duration longer than the debounce time.

1’b0: No LDO1 QV fault has occurred
1’b1: An LDO1 OV fault has occurred
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FAULT_CHANNELS2 (06h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_CHANNELS2 command indicates faults in channel 2, including the VMON1 under-voltage
(UV) fault, VMON2 UV fault, LDO2 and LDO3 supply voltage input voltage (Vin2) over-voltage (OV) fault,
LDO5 UV fault, LDO4 UV fault, LDO3 UV fault, LDO2 UV fault, and LDO1 UV fault. This command
supports writing 1 to clear the fault flag.

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

R/W

F_MON1_UV

Indicates whether a VMON1 UV fault occurs. A VMON1 UV fault indicates that
Vwmon1 exceeds its UV threshold (Vmoni_uv) for a duration longer than the
debounce time.

1’b0: No VMON1 UV fault has occurred
1’b1: A VMON1 UV fault has occurred

R/W

F_MON2_UV

Indicates whether a VMON2 UV fault occurs. A VMON2 UV fault indicates that
Vmonz exceeds its UV threshold (Vmonz_uv) for a duration longer than the
debounce time.

1’b0: No VMONZ2 UV fault has occurred
1’b1: A VMON2 UV fault has occurred

R/W

F_VIN2_OV

Indicates whether a Vin2 OV fault occurs. A Vin2 OV fault indicates that Vinz
exceeds its OV rising threshold (Vinz_ov_R).

1’b0: No Vin2 OV fault has occurred
1’b1: A Vin2 OV fault has occurred

R/W

F_LDO5_UV

Indicates whether an LDO5 UV fault occurs. An LDO5 UV fault indicates that
Vouts exceeds its UV falling threshold (Vouts uv_raLLing) for a duration longer
than the debounce time.

1’b0: No LDO5 UV fault has occurred
1’b1: An LDO5 UV fault has occurred

R/W

F_LDO4_UV

Indicates whether an LDO4 UV fault occurs. An LDO4 UV fault indicates that
Vout4 exceeds its UV falling threshold (Vouta_uv_raLLing) for a duration longer
than the debounce time.

1’b0: No LDO4 UV fault has occurred
1’b1: An LDO4 UV fault has occurred

R/W

F_LDO3_UV

Indicates whether an LDO3 UV fault occurs. An LDO3 UV fault indicates that
Vours exceeds its UV falling threshold (Vouts_uv_raLuing) for a duration longer
than the debounce time.

1’b0: No LDO3 UV fault has occurred
1’b1: An LDO3 UV fault has occurred

R/W

F_LDO2_UV

Indicates whether an LDO2 UV fault occurs. An LDO2 UV fault indicates that
Vout2 exceeds its UV falling threshold (Vout2_uv_raLuing) for a duration longer
than the debounce time.

1’b0: No LDO2 UV fault has occurred
1’b1: An LDO2 UV fault has occurred

R/W

F_LDO1_UV

Indicates whether an LDO1 UV fault occurs. An LDO1 UV fault indicates that
Vour1 exceeds its UV falling threshold (Vout1_uv_raLLing) for a duration longer
than the debounce time.

1’b0: No LDO1 UV fault has occurred
1’b1: An LDO1 UV fault has occurred
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FAULT_CHANNELSS3 (07h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_CHANNELS3 command indicates faults in channel 3, including the LDO4 and LDOS5 supply
input voltage (Vinz) over-voltage (OV) fault, LDOS5 over-current (OC) fault, LDO4 OC fault, LDO3 OC fault,
LDO2 OC fault, and LDO1 OC fault. This command supports writing 1 to clear the fault flag.

Bits Access | Bit Name Description
7:6 R/W RESERVED Reserved.

Indicates whether a Vinz OV fault occurs. A Vinz OV fault indicates that Vinz
exceeds its OV rising threshold (Vinz ov_Rr).

1’b0: No Vinz OV fault has occurred
1’b1: AV Vinz OV fault has occurred

5 RW | F_VIN3_ OV

Indicates whether an LDO5 OC fault occurs. An LDO5 OC fault indicates that
the LDO5 output current (louts) exceeds its limit (louts_uimiT) for a duration longer
4 R/W F LDO5 OC than the debounce time.

1’b0: No LDO5 OC fault has occurred
1’b1: An LDO5 OC fault has occurred

Indicates whether an LDO4 OC fault occurs. An LDO4 OC fault indicates that
the LDO4 output current (louta) exceeds its limit (louta_umit) for a duration longer
3 R/W E LDO4 OC than the debounce time.

1’b0: No LDO4 OC fault has occurred
1’b1: An LDO4 OC fault has occurred

Indicates whether an LDO3 OC fault occurs. An LDO3 OC fault indicates that
the LDOS3 output current (louts) exceeds its limit (louts_umit) for a duration longer
2 RIW F LDO3 OC than the debounce time.

1’b0: No LDO3 OC fault has occurred
1’b1: An LDO3 OC fault has occurred

Indicates whether an LDO2 OC fault occurs. An LDO2 OC fault indicates that
LDO2 output current (lout2) exceeding its limit (loutz_Limit) for a duration longer
1 R/W F LDO2 OC than the debounce time.

1’b0: No LDO2 OC fault has occurred
1’b1: An LDO2 OC fault has occurred

Indicates whether an LDO1 OC fault occurs. An LDO1 OC fault indicates that
the LDO1 output current (lout1) exceeds its limit (louty_umiT) for a duration longer
0 R/W E LDO1 OC than the debounce time.

1’b0: No LDO1 OC fault has occurred
1’b1: An LDO1 OC fault has occurred

FAULT_TEST (08h)

Format: Unsigned binary

POR Value: 0x00

The FAULT_TEST command indicates test faults, including the one-time programmable (OTP) single-
error correction (SEC) fault, OTP double-error detection (DED) fault, analog built-in testing (ABIST) fault,

and logic built-in testing (LBIST) fault. This command supports writing 1 to clear the fault flag, except for
the OTP DED fault and LBIST fault.

Bits Access | Bit Name Description

74 R/W RESERVED Reserved.
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Indicates whether an OTP SEC fault occurs. An OTP SEC fault indicates that
during OTP ECC process, the MPQ70700FS detects and corrects for a single
3 RW | F_OTP_SEC bit error.
1’b0: No OTP SEC fault has occurred
1’b1: An OTP SEC fault has occurred
Indicates whether an OTP DED fault occurs. An OTP DED fault indicates that
during the OTP ECC process, the MPQ70700FS detects a double bit error.
2 R/W F_OTP_DED
1’b0: No OTP DED fault has occurred
1’b1: An OTP DED fault has occurred
Indicates whether an ABIST fault occurs. An ABIST fault indicates that the
MPQ70700FS detects an ABIST error during the BIST process.
1 R/W F BIST_A
1’b0: No ABIST fault has occurred
1’b1: An ABIST fault has occurred
Indicates whether an LBIST fault occurs. An LBIST fault indicates that the
MPQ70700FS detects an LBIST error during the BIST process.
0 R/W F BIST L
1’b0: No LBIST fault has occurred
1’b1: An LBIST fault has occurred

FAULT_ENABLE_INTERNAL (09h)

Format: Unsigned binary
POR Value: 0x00
The FAULT_ENABLE_INTERNAL command enables the reaction of internal faults, including the fault

enable of the auxiliary register runtime CRC (RTCRC) check, state machine, non-LBIST volatile memory
(NBVM) check, register write check, bandgap check, and RTCRC check.

Bits

Access

Bit Name

Description

7:6

R/W

RESERVED

Reserved.

R/W

F_EN_RTCRC_AUX

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the RTCRC check fault. If this bit is set to 1 when an RTCRC check fault
occurs, then ERRO1 is asserted, and the fault register has the corrected
reaction. This bit is the same as bit[0] of this command. If either this bit or bit[0]
of this command is set to 1, then the RTCRC check fault reaction is enabled;
otherwise, the RTCRC check fault reaction is disabled.

1’b0: Disabled
1’b1: Enabled

R/W

F_EN_STATE

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the one-hot coding state check fault (state machine error). If this bit is
set to 1 when a one-hot coding state check fault occurs, then ERROL1 is
asserted, and the fault register has the corrected reaction.

1’b0: Disabled
1’b1: Enabled

R/W

F_EN_NBVM_CHK

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the non-LBISTABLE register double-check fault. If this bit is set to 1
when a non-LBISTABLE register double-check fault occurs, then ERROL is
asserted, and the fault register has the corrected reaction.

1’b0: Disabled
1’b1: Enabled
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If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the register write check fault. If this bit is set to 1 when a register write
F_EN_REG_WR_ check fault occurs, then ERROL1 is asserted, and the fault register has the

2 RIW | Ghk corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERROL is asserted, and the fault register does not

have a reaction due to the bandgap check fault. If this bit is set to 1 when a

bandgap check fault occurs, then ERROL1 is asserted, and the fault register has
1 RIW F_EN_BG the corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the RTCRC check fault. If this bit is set to 1 when an RTCRC check fault

occurs, then ERRO1 is asserted, and the fault register has the corrected

reaction. This bit is the same as hit[5] of this command. If either this bit or bit[5]
0 RIW F_EN_RTCRC of this command is set to 1, then the RTCRC check fault reaction is enabled:

otherwise, the RTCRC check fault reaction is disabled.

1’b0: Disabled

1’b1: Enabled

FAULT_ENABLE_SYS (0Ah)
Format: Unsigned binary
POR Value: 0x00

The FAULT_ENABLE_SYS command enables the reaction of system faults, including the fault enable of
I2C packet error checking (PEC), watchdog (WD) failure, thermal shutdown, and thermal warning.

Bits Access | Bit Name Description
7.4 R/W RESERVED Reserved.
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the I2C PEC fault. If this bit is set to 1 when an 12C PEC fault occurs.
3 RIW E EN 12C PEC then ERROL1 is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO2 and the fault register do not have a reaction
due to the WD failure. If this bit is set to 1 when a WD failure occurs, then
2 RIW F EN REG WD ERRO?2 is asserted, and fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the thermal shutdown fault. If this bit is set to 1 when a thermal shutdown
fault occurs, then ERROL1 is asserted, and the fault register has the corrected
1 R/W F_EN_TSD reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have reaction due
to the thermal warning fault. If this bit is set to 1 when a thermal warning fault
occurs, then ERRO1 is asserted, and the fault register has the corrected
0 R/W F_EN_TWN reaction.
1’b0: Disabled
1’b1: Enabled
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FAULT_ENABLE_CHANNELS1 (0Bh)
Format: Unsigned binary
POR Value: 0x00

The FAULT_ENABLE_CHANNELS1 command enables the reaction of faults in channel 1, including the
fault enable of voltage monitor 1 (VMONZ1) over-voltage (OV), voltage monitor 2 (VMONZ2) OV, LDO1 and
internal circuit supply input voltage (Vin1) OV, LDO5 OV, LDO4 OV, LDO3 OV, LDO2 OV, and LDO1 OV.

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits Access | Bit Name Description

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the VMON1 OV fault. If this bit is set to 1 when a VMON1 OV fault occurs,
7 RIW F EN MON1 OV then ERROL1 is asserted, and the fault register has the corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the VMON2 OV fault. If this bit is set to 1 when a VMONZ1 OV fault occurs,
6 RIW F EN MON2 OV then ERROL1 is asserted, and fault register has the corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the Vin1 OV fault. If this bit is set to 1 when a Vin1 OV fault occurs, then
5 RIW FE EN VIN1 OV ERRO1 is asserted, and the fault register has the corrected reaction.

1’b0: Disabled

1'b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the LDO5 OV fault. If this bit is set to 1 when an LDO5 OV fault occurs,
4 RIW F EN LDO5 OV then ERROL1 is asserted, and the fault register has the corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the LDO4 OV fault. If this bit is set to 1 when an LDO4 QV fault occurs,
3 RIW F EN LDO4 OV then ERROL1 is asserted, and the fault register has the corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the LDO3 QV fault. If this bit is set to 1 when an LDO3 OV fault occurs,
2 RIW F EN LDO3 OV then ERROL1 is asserted, and the fault register has the corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERROL1 and the fault register do not have a reaction

due to the LDO2 OV fault. If this bit is set to 1 when an LDO2 OV fault occurs,
1 RIW F EN LDO2 OV then ERROL1 is asserted, and fault register has the corrected reaction.

1’b0: Disabled

1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction

due to the LDO1 QV fault. If this bit is set to 1 when an LDO1 OV fault occurs,
0 RIW F EN LDO1 OV then ERROL1 is asserted, and the fault register has the corrected reaction.

1’b0: Disabled

1’b1: Enabled
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FAULT_ENABLE_CHANNELS?2 (0Ch)
Format: Unsigned binary
POR Value: 0x00

The FAULT_ENABLE_CHANNELS2 command enables the reaction of faults in channel 2, including the
fault enable of voltage monitor 1 (VMON1) under-voltage (UV), voltage monitor 2 (VMON2) UV, LDO2
and LDO3 supply voltage input voltage (Vin2) over-voltage (OV), LDO5 UV, LDO4 UV, LDO3 UV, LDO2
UV, and LDO1 UV.

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits Access | Bit Name Description
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the VMONZ1 UV fault. If this bit is set to 1 when a VMON1 UV fault occurs,
7 RIW F EN MON1 UV then ERROL1 is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the VMONZ2 UV fault. If this bit is set to 1 when a VMON2 UV fault occurs,
6 RIW F_EN_MON2_UV then ERROL1 is asserted, and the fault register has the corrected reaction.
1’b0: Disable
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the Vin2 OV fault. If this bit is set to 1 when a Vin2 OV fault occurs, then
5 RIW E EN VIN2 OV ERROL is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO5 UV fault. If this bit is set to 1 when an LDO5 UV fault occurs,
4 RIW F EN LDO5 UV then ERROL1 is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO4 UV fault. If this bit is set to 1 when an LDO4 UV fault occurs,
3 RIW F EN LDO4 UV then ERROL1 is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO3 UV fault. If this bit is set to 1 when an LDO3 UV fault occurs,
2 RIW F EN LDO3 UV then ERRO1 is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO2 UV fault. If this bit is set to 1 when an LDO2 UV fault occurs,
1 RIW F EN LDO2 UV then ERROL1 is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO1 UV fault. If this bit is set to 1 when an LDO1 UV fault occurs,
0 R/W F EN LDO1 UV then ERROL1 is asserted, and the fault register has the corrected reaction.
1’b0: Disabled
1’b1: Enabled
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FAULT_ENABLE_CHANNELS3 (0Dh)
Format: Unsigned binary
POR Value: 0x00

The FAULT_ENABLE_CHANNELS3 command enables the reaction of the faults in channel 3, including
the fault enable of the supply input voltage (Vins) over-voltage (OV), LDOS5 over-current (OC), LDO4 OC,
LDO3 OC, LDO2 OC, and LDO1 OC.

Bits Access | Bit Name Description
7.6 R/W RESERVED Reserved.

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the Vinz OV fault. If this bit is set to 1 when a Vinz OV fault occurs, then
5 RIW E EN VIN3 OV ERRO1 is asserted, and the fault register has a corrected reaction.

1’b0: Disabled
1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO5 OC fault. If this bit is set to 1 when an LDO5 OC fault occurs,
4 RIW F EN LDO5 OC then ERROL1 is asserted, and the fault register has a corrected reaction.

1’b0: Disabled
1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO4 OC fault. If this bit is set to 1 when an LDO4 OC fault occurs,
3 RIW F EN LDO4 OC then ERROL1 is asserted, and the fault register has a corrected reaction.

1’b0: Disabled
1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO3 OC fault. If this bit is set to 1, when an LDO3 OC fault occurs,
2 RIW F EN LDO3 OC then ERROL1 is asserted, and fault register has a corrected reaction.

1’b0: Disabled
1’b1: Enabled

If this bit is set to 0, then ERROL1 and the fault register do not have a reaction
due to the LDO2 OC fault. If this bit is set to 1 when an LDO2 OC fault occurs,
1 RIW F EN LDO2 OC then ERROL1 is asserted, and the fault register has a corrected reaction.

1’b0: Disabled
1’b1: Enabled

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the LDO1 OC fault. If this bit is set to 1 when an LDO1 OC fault occurs,
0 RIW F EN LDO1 OC then ERROL1 is asserted, and the fault register has a corrected reaction.

1’b0: Disabled
1’b1: Enabled

FAULT_ENABLE_TEST (OEh)
Format: Unsigned binary
POR Value: 0x00

The FAULT_ENABLE_TEST command enables the reaction of test faults, including the fault enable of
one-time programmable (OTP) single-error correction (SEC) and the BIST_A fault.

Bits Access | Bit Name Description

72 R/W RESERVED Reserved.
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1 RW | F_EN_OTP_SEC

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the OTP single-bit error correction fault. If this bit is set to 1 when an
OTP SEC fault occurs, then ERROL is asserted, and the fault register has a
corrected reaction.

1’b0: Disabled
1’b1: Enabled

0 RW | F_EN_BIST A

If this bit is set to 0, then ERRO1 and the fault register do not have a reaction
due to the BIST_A fault. If this bit is set to 1 when a BIST_A fault occurs, then
ERROL1 is asserted, and the fault register has a corrected reaction.

1’b0: Disabled
1’b1: Enabled

FAULT_REACTION_GUP1 (OFh)
Format: Unsigned binary
POR Value: 0x00

The FAULT_REACTION_GUP1 command configures the state machine reaction after triggering thermal

shutdown and thermal warning.

Bits Access | Bit Name

Description

7:2 R/W RESERVED

Reserved.

1 RW | F_GUP_TSD

If the MPQ70700FS detects a thermal shutdown fault, then the state machine
can be set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1'b1: Enters failsafe state

0 RW | F_GUP_TWN

If the MPQ70700FS detects a thermal warning (TWN) fault, then the state
machine can be set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state

FAULT_REACTION_GUP2 (10h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_REACTION_GUP2 command configures the state machine reaction after triggering the

faults in channel 1.

Bits Access | Bit Name

Description

7 RW | F_GUP_MON1_OV

If the MPQ70700FS detects a VMON1 OV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state.
1'b1: Enters failsafe state.

6 RW | F_.GUP_MON2_OV

If the MPQ70700FS detects a VMON2 QV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1'b1: Enters failsafe state

5 R/W | F_GUP_VIN1_OV

If the MPQ70700FS detects a Vin1 OV fault, then the state machine can be set
to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state
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F_GUP_LDO5_OV

If the MPQ70700FS detects an LDO5 OV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1'b1: Enters failsafe state

F_GUP_LDO4 OV

If the MPQ70700FS detects an LDO4 OV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state

F_GUP_LDO3_OV

If the MPQ70700FS detects an LDO3 OV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1'b1: Enters failsafe state

F_GUP_LDO2_OV

If the MPQ70700FS detects an LDO2 OV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state

F_GUP_LDO1 OV

If the MPQ70700FS detects an LDO1 OV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1’b1: Enters failsafe state

FAULT_REACTION_GUP3 (11h)
Format: Unsigned binary

POR Value: 0x00

The FAULT_REACTION_GUP3 command configures the state machine reaction after triggering the
faults in channel 2.

Bits Access

Bit Name

Description

F_GUP_MON1_UV

If the MPQ70700FS detects a VMON1 UV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1'b1: Enters failsafe state

F_GUP_MON2_UV

If the MPQ70700FS detects a VMON2 UV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state

F_GUP_VIN2_OV

If the MPQ70700FS detects a Vinz2 OV fault, then the state machine can be set
to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1'b1: Enters failsafe state

F_GUP_LDO5_UV

If the MPQ70700FS detects an LDO5 UV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1'b1: Enters failsafe state

F_GUP_LDO4_UV

If the MPQ70700FS detects an LDO4 UV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state
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R/W

F_GUP_LDO3_UV

If the MPQ70700FS detects an LDO3 UV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1'b1: Enters failsafe state

R/W

F_GUP_LDO2_UV

If the MPQ70700FS detects an LDO2 UV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state

R/W

F_GUP_LDO1_UV

If the MPQ70700FS detects an LDO1 UV fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1'b1: Enters failsafe state

FAULT_REACTION_GUP4 (12h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_REACTION_GUP4 command configures the state machine reaction after triggering the
faults in channel 3.

Bits

Access

Bit Name

Description

7:6

R/W

RESERVED

Reserved.

R/W

F_GUP_VIN3_OV

If the MPQ70700FS detects a Vinz OV fault, then the state machine can be set
to enter failsafe state or fail-recovery state.

1'b0: Enters fail-recovery state
1’b1: Enters failsafe state

R/W

F_GUP_LDO5_OC

If the MPQ70700FS detects an LDO5 OC fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state

R/W

F_GUP_LDO4_OC

If the MPQ70700FS detects an LDO4 OC fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1'b1: Enters failsafe state

R/W

F_GUP_LDO3_OC

If the MPQ70700FS detects an LDO3 OC fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1'b1: Enters failsafe state

R/W

F_GUP_LDO2_OC

If the MPQ70700FS detects an LDO2 OC fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1’b1: Enters failsafe state

R/W

F_GUP_LDO1_OC

If the MPQ70700FS detects an LDO1 OC fault, then the state machine can be
set to enter failsafe state or fail-recovery state.

1’b0: Enters fail-recovery state
1'b1: Enters failsafe state
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FAULT_REACTION_INTERNAL (13h)
Format: Unsigned binary
POR Value: 0x00

The FAULT_REACTION_INTERNAL command configures the state machine reaction after triggering the
internal faults.

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

75

R/W

RESERVED

Reserved.

R/W

F_GUP_NBVM_CHK

If the MPQ70700FS detects a non-LBISTABLE register double-check fault,
then the state machine can be set to enter failsafe state or no reaction.

1’b0: No reaction
1’b1: Enters failsafe state

R/W

F_GUP_REG_WR_
CHK

If the MPQ70700FS detects a register write check fault, then the state machine
can be set to enter failsafe state or no reaction.

1’b0: No reaction
1’b1: Enters failsafe state

R/W

F_GUP_CLK

If the MPQ70700FS detects a clock check fault, then the state machine can be
set to enter failsafe state or no reaction.

1’b0: No reaction
1’b1: Enters failsafe state

R/W

F_GUP_BG

If the MPQ70700FS detects a bandgap check fault, then the state machine can
be set to enter failsafe state or no reaction.

1’b0: No reaction
1’b1: Enters failsafe state

R/W

F_GUP_RTCRC

If the MPQ70700FS detects an RTCRC check fault, then the state machine can
be set to enter failsafe state or no reaction.

1’b0: No reaction
1’b1: Enters failsafe state

ERR_MODE (14h)
Format: Unsigned binary
POR Value: 0x00

The ERR_MODE command configures the ERRIN mode and delay time.

Bits Access | Bit Name Description
7 R/W RESERVED Reserved.
If the system has an error, then the system-on-chip (SoC) sends a signal to the
MPQ70700FS’s ERRIN pin. The MPQ70700FS can use ERRIN mode to set
whether ERRIN receives a high or low valid signal.
6 RIW ERRIN_MODE 1'’b0: The ERRIN pin voltage (Verrin) exceeds the error input high threshold
(ViH_errin) @s a valid ERRIN fault.
1’b1: Verrin drops below the error input low threshold (ViL_erriN) as a valid
ERRIN fault
5:4 R/W RESERVED Reserved.
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3:2 R/W ERRIN_DLY

If the MPQ70700FS’s ERRIN pin receives a valid signal and the duration is
longer than the error input delay time (terrin_pLy), then an ERRIN fault has
occurred. If the ERRIN signal recovers to normal before terrin_pLy €nds, then

the part does not detect an ERRIN fault.

2’b00: Oms
2’b01: 2ms
2’b10: 5ms
2’b11: 10ms

1:0 R/W ERRO_DLY

If the MPQ70700FS detects a valid error, then the ERROX pins (where x = 1 or

2) are changed from high to low after the error output delay time (terro_pLy).

2’b00: Oms
2’b01: 2ms
2’b10: 5ms
2’b11: 10ms

IO_STAT (15h)
Format: Unsigned binary
POR Value: 0x00

The I0_STAT command indicates the status of the input/output (I/O) pins.

Bits Access | Bit Name

Description

7:6 R RESERVED

Reserved

5 R ST_ERRIN

Indicates the ERRIN pin status.

1’b0: Low
1’b1: High

4 R ST_EN

Indicates the EN pin status.

1’b0: Low
1’b1: High

3 R ST_GPIO4

Indicates the GPIO4 pin status.

1’b0: Low
1’b1: High

2 R ST_GPIO3

Indicates the GPIO3 pin status.

1’b0: Low
1’b1: High

1 R ST_GPIO2

Indicates the GPIO2 pin status.

1’b0: Low
1’b1: High

0 R ST_GPIO1

Indicates the GPIO1 pin status.

1’b0: Low
1’b1: High

MPQ70700FS Rev. 1.0

10/30/2025 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

MonolithicPower.com

© 2025 MPS. All Rights Reserved.

81




me

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

FORCE_CTL (16h)
Format: Unsigned binary
POR Value: 0x00

The FORCE_CTL command configures BIST after power-off and whether the 1/0 pins (GPIO1, GPIO2,
GPIO3, and GPIO4) can be pulled down normally.

Bits Access

Bit Name

Description

BIST_GATING_
BYPASS

During power off, if the system’s internal fault still exists and has not been
cleared, then the system bypasses BIST. If this bit is set to 1, then the system
can continue performing BIST.

1’b0: Bypasses BIST
1’b1: Performs BIST

FORCE_GPIO4

If this bit is set to 1, then the GPI04 pin status is forced low. If this bit is set to
0, then the GP104 pin status is controlled by normal logic.

1’b0: Not forced low
1’b1: Forced low

FORCE_GPIO3

If this bit is set to 1, the GP103 pin status is forced low. If this bit is set to 0, then
the GPIO3 pin status is controlled by normal logic.

1’b0: Not forced low
1’b1: Forced low

FORCE_GPIO2

If this bit is set to 1, then the GPIO2 pin status is forced low. If this bit is set to
0, then the GPIO2 pin status is controlled by normal logic.

1’b0: Not forced low
1’b1: Forced low

3 R/W

FORCE_GPIO1

If this bit is set to 1, then the GPIO1 pin status is forced low. If this bit is set to
0, then the GPIO1 pin status is controlled by normal logic.

1’b0: Not forced low
1’b1: Forced low

FORCE_ERRO2

If this bit is set to 1, then the ERROZ2 pin status is forced low. If this bit is set to
0, then the ERRO2 pin status is controlled by normal logic.

1’b0: Not forced low
1’b1: Forced low

FORCE_ERROL1

If this bit is set to 1, then the ERRO1 pin status is forced low. If this bit is set to
0, then the ERROL pin status is controlled by normal logic.

1’b0: Not forced low
1’b1: Forced low

FORCE_POR

If this bit is set to 1, then the POR pin status is forced low. If this bit is set to O,
then the POR pin status is controlled by normal logic.

1’b0: Not forced low
1’b1: Forced low
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EN2_GROUP (17h)
Format: Unsigned binary
POR Value: 0x00

The EN2_GROUP command configures whether the GP102, GPIO3, and GPI04 outputs, as well as the
LDO1, LDO2, LDO3, LDO4, and LDO5 outputs are controlled by the GPIO1 input (EN2).

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

R/W

GPIO4_EN2_GUP

If this bit is set to 1, then the GP104 output shuts down or starts up while the
MPQ70700FS enters or exits sleep state. Otherwise, the GPIO4 output
maintains the previous status.

1'b0: Cannot be controlled by EN2
1’b1: Controlled by EN2

R/W

GPIO3_EN2_GUP

If this bit is set to 1, then the GPIO3 output shuts down or starts up while the
MPQ70700FS enters or exits sleep state. Otherwise, the GPIO3 output
maintains the previous status.

1’b0: Cannot be controlled by EN2
1'b1: Controlled by EN2

R/W

GPIO2_EN2_GUP

If this bit is set to 1, then the GP1O2 output shuts down or starts up while the
MPQ70700FS enters or exits sleep state. Otherwise, the GPIO2 output
maintains the previous status.

1’b0: Cannot be controlled by EN2
1’b1: Controlled by EN2

R/W

LDO5_EN2_GUP

If this bit is set to 1, then the LDO5 output shuts down or starts up while the
MPQ70700FS enters or exits sleep state. Otherwise, LDO5 maintains the
previous status.

1'b0: Cannot be controlled by EN2
1’b1: Controlled by EN2

R/W

LDO4_EN2_GUP

If this bit is set to 1, LDO4 output will shut down or start up while MPQ70700FS
enters SLEEP state or exits SLEEP state. Otherwise, LDO4 maintains previous
status.

1'b0: Cannot controlled by EN2
1'b1: Controlled by EN2

R/W

LDO3_EN2_GUP

If this bit is set to 1, then the LDO3 output shuts down or starts up while the
MPQ70700FS enters or exits sleep state. Otherwise, LDO3 maintains the
previous status.

1’b0: Cannot be controlled by EN2
1'b1: Controlled by EN2

R/W

LDO2_EN2_GUP

If this bit is set to 1, then the LDO2 output shuts down or starts up while the
MPQ70700FS enters or exits sleep state. Otherwise, LDO2 maintains the
previous status.

1'b0: Cannot be controlled by EN2
1’b1: Controlled by EN2

R/W

LDO1_EN2_GUP

If this bit is set to 1, then the LDO1 output shuts down or starts up while the
MPQ70700FS enters or exits sleep state. Otherwise, LDO1 maintains the
previous status.

1'b0: Cannot be controlled by EN2
1'b1: Controlled by EN2
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CHANNEL_EN (18h)
Format: Unsigned binary
POR Value: 0x00

The CHANNEL_EN command enables the LDO1, LDO2, LDO3, LDO4, and LDOS5 outputs.

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

75

R/W

RESERVED

Reserved.

R/W

LDO5_EN

Enables the LDOS5 output. If this bit is set to 1, then the LDOS5 output starts up
once the EN pin goes high. If this bit is set to 0, then the LDOS5 output does not
start up when the EN pin goes high. This bit is not allowed to be changed from
disabled to enabled when EN is high.

1’b0: Disabled
1’b1: Enabled

R/W

LDO4 _EN

Enables the LDO4 output. If this bit is set to 1, then the LDO4 output starts up
once the EN pin goes high. If this bit is set to 0, then the LDO4 output does not
start up when the EN pin goes high. This bit is not allowed to be changed from
disabled to enabled when EN is high.

1’b0: Disabled
1’b1: Enabled

R/W

LDO3_EN

Enables the LDO3 output. If this bit is set to 1, then the LDO3 output starts up
once the EN pin goes high. If this bit is set to 0, then the LDO3 output does not
start up when the EN pin goes high. This bit is not allowed to be changed from
disabled to enabled when EN is high.

1’b0: Disabled
1’b1: Enabled

R/W

LDO2_EN

Enables the LDO2 output. If this bit is set to 1, then the LDO2 output starts up
once the EN pin goes high. If this bit is set to 0, then the LDO2 output does not
start up when the EN pin goes high. This bit is not allowed to be changed from
disabled to enabled when EN is high.

1’b0: Disabled
1’b1: Enabled

R/W

LDO1_EN

Enables the LDO1 output. If this bit is set to 1, then the LDO1 output starts up
once the EN pin goes high. If this bit is set to 0, then the LDO1 output does not
start up when the EN pin goes high. This bit is not allowed to be changed from
disabled to enabled when EN is high.

1’b0: Disabled
1’b1: Enabled

TEST_CFG (19h)
Format: Unsigned binary
POR Value: 0x00

The TEST_CFG command enables built-in self-testing (BIST) after power off, fail recovery, and power-
on reset (POR).

Bits

Access

Bit Name

Description

75

R/W

RESERVED

Reserved.

R/W

AT_SHDN

Enables BIST after the power-off sequence ends. If this bit is set to 1, then the
MPQ70700FS performs BIST after the power-off sequence ends. Otherwise,
the MPQ70700FS bypasses BIST and returns to normal idle state directly. This
bit does not support one-time programmable (OTP) memory.

1’b0: Disabled
1’b1: Enabled
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3.2

R/W

AT_RCOV

Enables BIST after the fail-recovery delay time ends. If this bit is set to 1, then
the MPQ70700FS performs BIST after the fail-recovery delay time ends.
Otherwise, the MPQ70700FS bypasses BIST and returns to normal idle state
directly.

2’b00: Disabled
2’b11: Enabled
Others: Invalid

1.0

R/W

AT_POR

Enables BIST after preloaded OTP passes. If this bit is set to 1, then the
MPQ70700FS performs BIST after preloaded OTP passes. Otherwise, the
MPQ70700FS bypasses BIST and returns to normal idle state directly.

2’b00: Disabled
2’b11: Enabled
Others: Invalid

DLY_REOV_CFG (1Ah)
Format: Unsigned binary

POR Value: 0x00

The DLY_REOV_CFG command configures the retry times as well as the fail-recovery delay.

Bits Access | Bit Name Description
Sets the retry times of fail recovery. The MPQ70700FS has a counter that
increases by 1 each time the state machine enters fail-recovery state. Once the
counter hits the limit, the MPQ70700FS enters failsafe state. If the
MPQ70700FS enter power-on state, then this counter resets to 0.
7:6 R/W RETRY_CFG_RCOV
2’b00: No limit
2’b01: 3 times
2’b10: 5 times
2’b11: 10 times
Sets the fail-recovery delay time (also called the fail-recovery duration) between
50 RIW DLY RCOV 128ps and 8.192ms. This time can be calculated with the following equation:

Fail-Recovery Delay Time = 128pus x (DLY_RCOV + 1)

GPIO_CFG (1Bh)
Format: Unsigned binary

POR Value: 0x00

The GPIO_CFG command configures GPIO1 and GPIO3 as output or input pins.

Bits Access | Bit Name Description
7:4 R/W RESERVED Reserved.
GPIO4 is an output pin and can be a sequence output.
3 R/W AF_GPIO4 1°b1: Output
Others: Invalid
Configures GPIO3 as an output or input pin. If this bit is set to 1, then GPIO3 is
configured as an output pin. If this bit is set to 0, then GPIO3 is configured as
2 RIW AF GPIO3 an input pin that can control the LDO1 output voltage (Voura).
1'b0: Input
1’b1: Output
GPIO2 is an output pin and can be a sequence output.
1 R/W AF_GPIO2

1’b1: Output
Others: Invalid
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Configures GPIOL1 as an output or input pin. If this bit is set to 1, then GPIO1 is
configured as an output pin. If this bit is set to 0, then GPIO1 is configured as
0 R/W AF GPIO1 an input pin that controls the MPQ70700FS’s sleep mode entry and exit.

1'b0: Input
1’b1: Output

TIME_SLOT (1Ch)

Format: Unsigned binary

POR Value: 0x00

The TIME_SLOT command configures the sequence time slot.

Bits Access | Bit Name Description

Sets the sequence time slot between 100us and 6475ps, and it can be
7:0 RIW TIME SLOT calculated with the following equation:

Sequence Time Slot = 100us + 25us x TIME_SLOT

SEQ_GPIOL1 (1Dh)
Format: Unsigned binary
POR Value: 0x00

The SEQ_GPIO1 command configures the power-on and power-off sequence time slots of the GPIO1
output.

Bits Access | Bit Name Description

Sets GPIO1’s power-on sequence time slot between 0 and 15. The turn-on
7:4 R/W PU GPIO1 delay time is between 0 x 100ps and 15 x 6475ps.

Turn-On Delay Time = PU_GPIO1 x TIME_SLOT (1Ch, bits[7:0])

Sets GPIO1’s power-down sequence time slot between 15 and 0. The turn-off
30 RIW PD GPIO1 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ps.

Turn-Off Delay Time = (15 - PD_GPIO1) x TIME_SLOT (1Ch, bits[7:0])

SEQ_GPIO2 (1Eh)
Format: Unsigned binary
POR Value: 0x00

The SEQ_GPIO2 command configures the power-on and power-off sequence time slots of the GPI0O2
output.

Bits Access | Bit Name Description

Sets GPIO2’s power-on sequence time slot between 0 and 15. The turn-on
7:4 R/W PU GPIO2 delay time is between 0 x 100ps and 15 x 6475ps.

Turn-On Delay Time = PU_GPIO2 x TIME_SLOT (1Ch, bits[7:0])

Sets GPIO2’s power-down sequence time slot between 15 and 0. The turn-off
30 RIW PD GPIO2 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ps.

Turn-Off Delay Time = (15 - PD_GPIO2) x TIME_SLOT (1Ch, bits[7:0])
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SEQ_GPIOS3 (1Fh)
Format: Unsigned binary
POR Value: 0x00

The SEQ_GPIO3 command configures the power-on and power-off sequence time slots of the GPIO3
output.

Bits Access | Bit Name Description

Sets GPIO3’s power-on sequence time slot between 0 and 15. The turn-on
7:4 R/W PU GPIO3 delay time is between 0 x 100ps and 15 x 6475ps.

Turn-On Delay Time = PU_GPIO3 x TIME_SLOT (1Ch, bits[7:0])

Sets GPIO3’s power-down sequence time slot between 15 and 0. The turn-off
30 RIW PD GPIO3 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ps.

Turn-Off Delay Time = (15 - PD_GPIO3) x TIME_SLOT (1Ch, bits[7:0])

SEQ_GPIO4 (20h)
Format: Unsigned binary
POR Value: 0x00

The SEQ_GPIO4 command configures the power-on and power-off sequence time slots of the GPIO4
output.

Bits Access | Bit Name Description

Sets GPIO4’s power-on sequence time slot between 0 and 15. The turn-on
7:4 R/W PU GPIO4 delay time is between 0 x 100ps and 15 x 6475ps.

Turn-On Delay Time = PU_GPIO4 x TIME_SLOT (1Ch, bits[7:0])

Sets GPIO4’s power-down sequence time slot between 15 and 0. The turn-off
3:0 RIW PD GPIO4 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ps.

Turn-Off Delay Time = (15 - PD_GPI04) x TIME_SLOT (1Ch, bits[7:0])

VREF_LDO1 (21h)

Format: Unsigned binary

POR Value: 0x00

The VREF_LDO1 command sets LDO1’s reference voltage (Vrer1).

Bits Access | Bit Name Description
7 R/W RESERVED Reserved.
Sets the Vrer1 step mode. The adjustable step mode can be selected according
to the target LDO1 output voltage (Vouti).
6 R/W LDO1_VREF_MODE )
1’b0: MODEDO, 12.5mV/step, Vrer1 range is between 0.5V and 1.0375V
1’b1: MODE1, 50mV/step, Vrer1 range is between 1V and 3.6V
If GPIO3 is configured as an output pin, then Vger1 is set by these bits.
Otherwise, Vrer1 is set via the LDO1_GPIO3_CTL_CFG bits (22h, bits[2:1]).
For MODEQO, Vrer1 can be calculated with the following equation:
5:0 RIW LDOL_VREF Vrer1 = MIN(0.5V + LDO1_VREF_MODE x LDO1_VREF, 1.0375)
For MODEL, Vrer1 can be calculated with the following equation:
Vrer1 = MIN(1V + LDO1_VREF_MODE x LDO1_VREF, 3.6)
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SETUP_LDO1 (22h)
Format: Unsigned binary
POR Value: 0x00

The SETUP_LDO1 command sets LDO1’s soft-start (SS) slew rate and enables the LDO1 output
discharge. If the GPIO3 pin is configured to control the LDO1 output, then this command sets the LDO1
OV and UV thresholds and POR threshold via the LDO1_GPIO3_CTL_CFG bits (22h, bits[2:1]).

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

7:6

R/W

RESERVED

Reserved.

5:3

R/W

LDO1_SS_SLEW._
RATE

Sets LDO1'’s SS rising slew rate. The slew rate is available between 10% x
Vour1 and 90% x Vouri. When setting an SS slew rate, the LDO1 output
capacitance (Cout1) must be considered to ensure that the sum of the Coun
charge current and LDO1 load current does not exceed the LDO1 output
current limit (lout1_uimit) during the soft-start period.

3’b000: 0.625mV/us
3'b001: 1.25mV/us
3’'b010: 2.5mV/us
3'b011: 5mV/us
3'b100: 10mV/ps
3'b101: 20mV/us
3'b110: 33.3mV/ps
3’'b111: 66.6mV/us

2:1

R/W

LDO1_GPIO3_CTL_
CFG

If GPIOS is configured as an input pin, then the LDO1 output is 3.3V when this
pin is low, and 1.8V when this pin is high. The LDO1 output OV and UV
thresholds and POR threshold can be configured via these bits.

The LDO1 OV threshold when Vgrer1 = 1.8V is set as the following:
2'b00: 1.975V

2’b01: 1.925V

2’b10: 1.8875V

2’b11: 1.8625V

The LDO1 UV threshold when Vrer1 = 1.8V is set as the following:
2'b00: 1.625V

2'b01: 1.675V

2’'b10: 1.7125V

2'b11: 1.7375V

The LDO1 POR threshold when Vrer1 = 1.8V is set as the following:
2'b00: 1.625V
2'b01: 1.625V
2'b10: 1.625V
2’b11: 1.625V

The LDO1 OV threshold when Vrer1 = 3.3V is set as the following:
2’b00: 3.625V

2'b01: 3.5375V

2'b10: 3.4625V

2’b11: 3.4125V

The LDO1 UV threshold when Vrer1 = 3.3V is set as the following:
2'b00: 2.975V

2'b01: 3.0625V

2'b10: 3.1375V

2’b11: 3.1875V

The LDO1 POR threshold when Vgrer1 = 3.3V is set as the following:
2'b00: 2.975V
2’b01: 2.975V
2’b10: 2.975V
2'b11: 2.975V
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Enables the LDO1 output discharge function. The output discharge function is
only active during LDO1 output shutdown.

1’b0: Disabled
1’b1: Enabled

0 R/W DISCHARGE_LDO1

SEQ_LDO1 (23h)

Format: Unsigned binary

POR Value: 0x00

The SEQ_LDO1 command configures the power-on and power-off sequence time slots of LDOL1.

Bits Access | Bit Name Description

Sets LDO1’s power-on sequence time slot between 0 and 15. The turn-on delay
7:4 R/W PU LDO1 time is between 0 x 100us and 15 x 6475us.

Turn-On Delay Time = PU_LDO1 x TIME_SLOT (1Ch, bits[7:0])

Sets LDO1’s power-down sequence time slot between 15 and 0. The turn-off
3:0 R/W PD LDO1 delay time is between (15 - 15) x 100us and (15 - 0) x 6475us.

Turn-Off Delay Time = (15 - PD_LDOZ1) x TIME_SLOT (1Ch, bits[7:0])

VREF_LDO2 (24h)

Format: Unsigned binary

POR Value: 0x00

The VREF_LDO2 command sets the LDO2 reference voltage (Vrer2).

Bits Access | Bit Name Description
7 R/W RESERVED Reserved.

Sets the Vrer2 step mode. The adjustable step mode can be selected according
to the target Voura.

6 R/W LDO2_VREF_MODE
1’b0: MODEDO, 12.5mV/step, Vrer2 range is between 0.5V and 1.0375V
1’b1: MODE1, 50mV/step, Vrer2 range is between 1V and 3.6V
Sets VRrer2.
For MODEDQO, Vrer2 can be calculated with the following equation:
5:0 R/W LDO2_VREF Vrerz2 = MIN(0.5V + LDO2_VREF_MODE x LDO2_VREF, 1.0375)

For MODEL, Vger2 can be calculated with the following equation:
VRrerz = MIN(1V + LDO2_VREF_MODE x LDO2_VREF, 3.6)

SETUP_LDO2 (25h)
Format: Unsigned binary
POR Value: 0x00

The SETUP_LDO2 command sets LDO2’s soft-start (SS) slew rate and enables the LDO2 output
discharge.

Bits Access | Bit Name Description

7:6 R/W RESERVED Reserved.
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5:3

R/W

LDO2_SS_SLEW._
RATE

Sets LDO2’s SS rising slew rate. The slew rate is available between 10% x
Vourz and 90% x Vour2. When setting an SS slew rate, the LDO2 output
capacitance (Coutz) must be considered to ensure that the sum of the Courz
charge current and LDO2 load current does not exceed the LDO2 output
current limit (loutz_umit) during the soft-start period.

3'b000: 0.625mV/us
3'b001: 1.25mV/us
3'b010: 2.5mV/us
3'b011: 5mV/us
3'b100: 10mV/us
3'b101: 20mV/us
3'b110: 33.3mV/us
3'b111: 66.6mV/us

2:1

R/W

RESERVED

Reserved.

R/W

DISCHARGE_LDO2

Enables the LDO2 output discharge function. The output discharge function is
only active during LDO2 output shutdown.

1’b0: Disabled
1’b1: Enabled

SEQ_LDO2 (26h)

Format: Unsigned binary

POR Value: 0x00

The SEQ_LDO2 command configures the power-on and power-off sequence time slots of LDO2.

Bits Access | Bit Name Description
Sets LDO2’s power-on sequence time slot between 0 and 15. The turn-on delay
7:4 RIW PU LDO2 time is between 0 x 100us and 15 x 6475ys.
Turn-On Delay Time = PU_LDO2 x TIME_SLOT (1Ch, bits[7:0])
Sets LDO2’s power-down sequence time slot between 15 and 0. The turn-off
30 RIW PD LDO2 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ps.
Turn-Off Delay Time = (15 - PD_LDO2) x TIME_SLOT (1Ch, bits[7:0])

VREF_LDO3 (27h)
Format: Unsigned binary

POR Value: 0x00

The VREF_LDO3 command sets the LDO3 reference voltage (Vrers).

Bits

Access

Bit Name

Description

7

R/W

RESERVED

Reserved.

R/W

LDO3_VREF_MODE

Sets the Vrers step mode. Select adjustable step mode according to the target
Vours.

1’b0: MODEDO, 12.5mV/step, Vrers range is between 0.5V and 1.0375V
1’b1: MODE1, 50mV/step, Vrers range is between 1V and 3.6V

5.0

R/W

LDO3_VREF

Sets VRers.
For MODEDQO, Vrers can be calculated with the following equation:
VRrers = MIN(0.5V + LDO3_VREF_MODE x LDO3_VREF, 1.0375)
For MODEL, VRers can be calculated with the following equation:
VRrers = MIN(1V + LDO3_VREF_MODE x LDO3_VREF, 3.6)
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SETUP_LDO3 (28h)
Format: Unsigned binary
POR Value: 0x00

The SETUP_LDO3 command sets LDO3’s soft-start (SS) slew rate and enables the LDO3 output
discharge.

Bits Access | Bit Name Description
7:6 R/W RESERVED Reserved.

Sets LDO3'’s SS rising slew rate. The slew rate is available between 10% x
Vouts and 90% x Vours. When setting an SS slew rate, the LDO3 output
capacitance (Couts) must be considered to ensure that the sum of the Couts
charge current and LDO3 load current does not exceed the LDO3 output
current limit (louts_uimit) during the soft-start period.

LDO3 SS SLEW 3’b000: 0.625mV/us
RATE - 3'b001: 1.25mV/us

3'b010: 2.5mV/ps
3'b011: 5mV/us
3'b100: 10mV/us
3'b101: 20mV/us
3'b110: 33.3mV/us
3'b111: 66.6mV/us

2:1 R/W RESERVED Reserved.

5:3 R/W

Enables the LDO3 output discharge function. The output discharge function is
only active during LDO3 output shutdown.

1’b0: Disabled
1’b1: Enabled

0 R/W DISCHARGE_LDO3

SEQ_LDO3 (29h)

Format: Unsigned binary

POR Value: 0x00

The SEQ_LDO3 command configures the power-on and power-off sequence time slots of LDO3.

Bits Access | Bit Name Description

Sets LDO3’s power-on sequence time slot between 0 and 15. The turn-on delay
7:4 R/W PU LDO3 time is between 0 x 100us and 15 x 6475ys.

Turn-On Delay Time = PU_LDO3 x TIME_SLOT (1Ch, bits[7:0])

Sets LDO3’s power down sequence time slot between 15 and 0. The turn-off
3:0 RIW PD LDO3 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ps.

Turn-Off Delay Time = (15 - PD_LDO3) x TIME_SLOT (1Ch, bits[7:0])

VREF_LDO4 (2Ah)

Format: Unsigned binary

POR Value: 0x00

The VREF_LDO4 command sets the LDO4 reference voltage (Vreras).

Bits Access | Bit Name Description
7 R/W RESERVED Reserved.

Sets the Vrera step mode. The adjustable step mode can be selected according
to the target Voura.

6 R/W LDO4_VREF_MODE )
1'b0: MODEQO, 12.5mV/step, Vrer4 range is between 0.5V and 1.0375V
1’b1: MODE1, 50mV/step, Vrer4 range is between 1V and 3.6V
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Sets VRera.
For MODEQ, Vrer4 can be calculated with the following equation:
5:0 R/W LDO4_VREF VRrers = MIN(0.5V + LDO4_VREF_MODE x LDO4_VREF, 1.0375)
For MODEL, Vrer4 can be calculated with the following equation:
Vrers = MIN(LV + LDO4_VREF_MODE x LDO4_VREF, 3.6)

SETUP_LDO4 (2Bh)
Format: Unsigned binary
POR Value: 0x00

The SETUP_LDO4 command sets LDO4’s soft-start (SS) slew rate and enables the LDO4 output
discharge.

Bits Access | Bit Name Description
7.6 R/W RESERVED Reserved.

Sets LDO4’s SS rising slew rate. The slew rate is available between 10% x
Vouta and 90% x Voura. When setting an SS slew rate, the LDO4 output
capacitance (Couts) must be considered to ensure that the sum of the Couta
charge current and LDO4 load current does not exceed the LDO4 output
current limit (lout4_uimit) during the soft-start period.

LDO4 SS SLEW 3’b000: 0.625mV/us
53 RW | RATE. — - 3'b001: 1.25mV/jis
3’'b010: 2.5mV/us
3'b011: 5mV/us
3'b100: 10mV/us
3'b101: 20mV/us
3'b110: 33.3mV/ps
3’'b111: 66.6mV/us

2:1 R/W RESERVED Reserved.

Enables the LDO4 output discharge function. The output discharge function is
only active during LDO4 output shutdown.

1’b0: Disabled
1’b1: Enabled

0 R/W DISCHARGE_LDO4

SEQ_LDO4 (2Ch)

Format: Unsigned binary

POR Value: 0x00

The SEQ_LDO4 command configures the power-on and power-off sequence time slots of LDOA4.

Bits Access | Bit Name Description

Sets LDO4’s power-on sequence time slot between 0 and 15. The turn-on delay
7:4 RIW PU LDO4 time is between 0 x 100us and 15 x 6475ps.

Turn-On Delay Time = PU_LDO4 x TIME_SLOT (1Ch, bits[7:0])

Sets LDO4’s power-down sequence time slot between 15 and 0. The turn-off
30 RIW PD LDO4 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ps.

Turn-Off Delay Time = (15 - PD_LDO4) x TIME_SLOT (1Ch, bits[7:0])
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VREF_LDOS5 (2Dh)

Format: Unsigned binary

POR value: 0x00

The VREF_LDO5 command sets the LDO5 reference voltage (Vrers).

Bits Access | Bit Name Description
7 R/W RESERVED Reserved.

Sets the Vrers step mode. The adjustable step mode can be selected according
to the target Vours.

1’b0: MODEDO, 12.5mV/step, Vrers range is between 0.5V and 1.0375V
1’b1: MODE1, 50mV/step, Vrers range is between 1V and 3.6V

6 R/W | LDO5_VREF_MODE

Sets VRers.

For MODEDQO, Vrers can be calculated with the following equation:

5:0 R/W LDOS5_VREF VRrers = MIN(0.5V + LDO5_VREF_MODE x LDO5_VREF, 1.0375)

For MODEL, VRers can be calculated with the following equation:
Vrers = MIN(1.0V + LDO5_VREF_MODE x LDO5_VREF, 3.6)

SETUP_LDOS (2Eh)
Format: Unsigned binary
POR Value: 0x00

The SETUP_LDO5 command sets LDO5’s soft-start (SS) slew rate and enables the LDO5 output
discharge.

Bits Access | Bit Name Description
7:6 R/W RESERVED Reserved.

Sets LDO5’s SS rising slew rate. The slew rate is available between 10% x
Vouts and 90% X Vouts. When setting an SS slew rate, the LDO5 output
capacitance (Couts) must be considered to ensure that the sum of the Cours
charge current and LDO5 load current does not exceed the LDO5 output
current limit (louts_imit) during the soft-start period.

LDO5 SS SLEW 3’b000: 0.625mV/us
RATE - 3'b001: 1.25mV/us

3'b010: 2.5mV/us
3'b011: 5mV/ps
3’'b100: 10mV/us
3'b101: 20mV/us
3'b110: 33.3mV/us
3’'b111: 66.6mV/us

2:1 R/W RESERVED Reserved.

5:3 R/W

Enables the LDOS5 output discharge function. The output discharge function is
only active during LDO5 output shutdown.

1’b0: Disabled
1’b1: Enabled

0 R/W DISCHARGE_LDO5
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SEQ_LDOS5 (2Fh)

Format: Unsigned binary

POR Value: 0x00

The SEQ_LDOS5 command configures the power-on and power-off sequence time slots of LDOS.

Bits Access | Bit Name Description
Sets LDOS’s power-on sequence time slot between 0 and 15. The turn-on delay
7:4 RIW PU LDO5 time is between 0 x 100us and 15 x 6475ps.

Turn-On Delay Time = PU_LDO5 x TIME_SLOT (1Ch, bits[7:0])

Sets LDO5’s power-down sequence time slot between 15 and 0. The turn-off
3:0 RIW PD LDO5 delay time is between (15 - 15) x 100us and (15 - 0) x 6475ys.

Turn-Off Delay Time = (15 - PD_LDOS5) x TIME_SLOT (1Ch, bits[7:0])

POR1_CTL_CTH (30h)

Format: Unsigned binary

POR Value: OxFF

The POR1_CTL_CTH command configures the LDO1 output’s POR threshold.

Bits Access | Bit Name Description

Sets the LDO1 output’s POR threshold, which is between 0.45V and 3.6375V,
12.5mV/step. The LDO1 output's POR threshold can be calculated with the
7:0 rRWw | LPO1_POR_ following equation:

THRESHOLD
LDO1 Output POR Threshold = 0.45V + 0.0125V x
LDO1_POR_THRESHOLD

POR2_CTL_CTH (31h)

Format: Unsigned binary

POR Value: OxFF

The POR2_CTL_CTH command configures the LDO2 output’s POR threshold.

Bits Access | Bit Name Description

Sets the LDO2 output’s POR threshold, which is between 0.45V and 3.6375V,
12.5mV/step. The LDO2 output’'s POR threshold can be calculated with the
70 rRW | LPO2_POR_ following equation:

THRESHOLD
LDO2 Output POR Threshold = 0.45V + 0.0125V x
LDO2_POR_THRESHOLD

POR3_CTL_CTH (32h)

Format: Unsigned binary

POR Value: OXFF

The POR3_CTL_CTH command configures the LDO3 output’s POR threshold.

Bits Access | Bit Name Description
Sets the LDO3 output’s POR threshold, which is between 0.45V and 3.6375V,
12.5mV/step.
ro | | W03 POR :
SHO LDO3 Output POR Threshold = 0.45V + 0.0125V x
LDO3_POR_THRESHOLD
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POR4_CTL_CTH (33h)

Format: Unsigned binary

POR Value: OxFF

The POR4_CTL_CTH command configures the LDO4 output’s POR threshold.

Bits Access | Bit Name Description
Sets the LDO4 output’s POR threshold, which is between 0.45V and 3.6375V,
12.5mV/step.
7:0 RIW LDO4_POR_ p
THRESHOLD LDO4 Output POR Threshold = 0.45V + 0.0125V x
LDO4_POR_THRESHOLD

PORS5_CTL_CTH (34h)

Format: Unsigned binary

POR Value: OXFF

The POR5_CTL_CTH command configures the LDO5 output’s POR threshold.

Bits Access | Bit Name Description
Sets the LDO5 output’s POR threshold, which is between 0.45V and 3.6375V,
12.5mVi/step.
70 | RW | HRggior
LDOS5 Output POR Threshold = 0.45V + 0.0125V x
LDO5 POR_THRESHOLD

POR_CTL_DLY (35h)

Format: Unsigned binary

POR Value: 0x00

The POR_CTL_DYL command configures the POR delay time.

Bits Access | Bit Name Description

Sets the POR de-asserted delay time and reset pulse width, which is between
7:0 R/W POR DELAY 128us and 32.768ms, 128us/step.

POR Delay Time = 128us x (POR_DELAY + 1)

MON1_OV_VTH (36h)

Format: Unsigned binary

POR Value: OxFF

The MON1_OV_VTH command sets the VMON1 input voltage over-voltage (OV) threshold (Vmoni_ov).

Bits Access | Bit Name Description
Sets Vmonz_ov, which is between 0.45V and 3.6375V, 12.5mV/step. This can
7:0 rRw | MONL OV_ be calculated with the following equation:
’ THRESHOLD
Vwmoni_ov = 0.45V + 0.0125V x MON1_OV_THRESHOLD
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MON1_UV_VTH (37h)

Format: Unsigned binary

POR Value: 0x00

The MON1_UV_VTH command sets the VMONL1 input voltage under-voltage (UV) threshold (Vmon1_uv).

Bits Access | Bit Name Description
Sets Vwmoni_uv, Which is between 0.45V and 3.6375V, 12.5mV/step. This can
7:0 RW | MONL _UV_ be calculated with the following equation:
’ THRESHOLD
Vmoni_uv = 0.45V + 0.0125V x MON1_UV_THRESHOLD

MON1_MODE (38h)

Format: Unsigned binary

POR Value: 0x00

The MON1_MODE command sets the VMONL1 status and debounce time.

Bits Access | Bit Name Description
7 R/W RESERVED Reserved.
Enables VMON1.

6 R/W MON1_EN 1’b0: Disabled
1’b1: Enabled

Configures whether the VMON1 OV or UV fault is detected as a valid fault when
the system is in normal idle state.

1’b0: Invalid

1'b1: Valid

Configures whether the VMON1 OV or UV fault is detected as a valid fault when
the system is in active, power-on, or power-off state.

1’b0: Invalid
1’b1: Valid

5 RW | MON1 _EN_IDLE

4 R/W | MON1_EN_ACTIVE

Configures whether the VMONL1 fault is detected as a valid fault when the
system is in sleep mode, sleep mode entry, or sleep mode exit.

1’b0: Invalid

1’b1: Valid

2 R/W RESERVED Reserved.

Sets the VMON1 OV or UV fault’s debounce time.

2'b00: 10us
1.0 R/W MON1_DEBOUNCE 2'b01: 20us
2'b10: 40us
2’b11: 80us

3 RW | MON1_EN_SLEEP

MON2_OV_VTH (39h)

Format: Unsigned binary

POR Value: OxFF

The MON2_OV_VTH command sets the VMON2 input voltage over-voltage (OV) threshold (Vmonz ov).

Bits Access | Bit Name Description
Sets Vmonz_ov, which is between 0.45V and 3.6375V, 12.5mV/step. This can
70 rRW | MON2_OV_ be calculated with the following equation:
' THRESHOLD
Vmonz_ov = 0.45V + 0.0125V x MON2_OV_THRESHOLD
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MON2_UV_VTH (3Ah)
Format: Unsigned binary
POR Value: 0x00

The MON2_UV_VTH command sets the VMONZ2 input voltage under-voltage (UV) threshold (Vmonz_uv).

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits Access | Bit Name Description
Sets Vmonz_uv, Which is between 0.45V and 3.6375V, 12.5mV/step. This can
7:0 RW | MON2_UV_ be calculated with the following equation:
’ THRESHOLD
Vmonz_ uv = 0.45V + 0.0125V x MON2_UV_THRESHOLD

MON2_MODE (3Bh)
Format: Unsigned binary
POR Value: 0x00

The MON2_MODE command sets the VMON2 status and debounce time.

Bits

Access

Bit Name

Description

7

R/W

RESERVED

Reserved.

R/W

MON2_EN

Enables VMONZ2.

1’b0: Disabled
1’b1: Enabled

R/W

MON2_EN_IDLE

Configures whether the VMON2 OV or UV fault is detected as a valid fault when
the system is in normal idle state.

1’b0: Invalid
1’b1: Valid

R/W

MON2_EN_ACTIVE

Configures whether the VMON2 OV or UV fault is detected as a valid fault when
the system is in active, power-on, or power-off state.

1’b0: Invalid
1’b1: Valid

R/W

MON2_EN_SLEEP

Configure whether the VMON2 OV/UV fault is detected as a valid fault when
the system is in sleep mode, sleep mode entry, or sleep mode exit.

1’b0: Invalid
1’b1: Valid

R/W

RESERVED

Reserved.

1.0

R/W

MON2_DEBOUNCE

Sets the VMON2 OV or UV fault’s debounce time.

2'b00: 10us
2’b01: 20us
2'b10: 40us
2’b11: 80us
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LDO1_OV_VTH (3Ch)

Format: Unsigned binary

POR Value: OxFF

The LDO1 OV_VTH command sets the LDOL1 output voltage over-voltage (OV) rising threshold
(VouTt1_ov RisiNG).

Bits Access | Bit Name Description

Sets Vouri_ov_rising, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouti_ov_rising IS limited for Vour: and the LDO1 output OV hysteresis
LDO1 OV (Vout1_ov_nys). To improve the accuracy of the parameters, the minimum
70 RW | THRESHOLD Vout1 ov_risine must exceed the sum of the maximum Vour: and maximum
VouT1 ov_Hys. VouT1 ov Rising can be calculated with the following equation:

Vouti_ov_rising = 0.45V + 0.0125V x LDO1_OV_THRESHOLD

LDO1_UV_VTH (3Dh)

Format: Unsigned binary

POR Value: 0x00

The LDO1_UV_VTH command sets the LDO1 output voltage under-voltage (UV) falling threshold

(VouT1_uv_FALLING)-

Bits Access | Bit Name Description

Sets Vourti uv_FaLLing, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouti_uv_raLuinG is limited for Vour: and the LDO1 output UV hysteresis
(Vout1_uv Hys). To improve the accuracy of the parameters, the maximum

7:0 RIW LDO1_UV_ VouT1_uv_FALLING must be below the difference between the minimum Vour: and
THRESHOLD maximum Vout1 uv_Hvs. VouTti uv FaLLNG can be calculated with the following
equation:

Vouti_uv_raLuing = 0.45V + 0.0125V x LDO1_UV_THRESHOLD

LDO1_MODE (3Eh)
Format: Unsigned binary
POR Value: 0x00

The LDO1_MODE command sets the status and debounce time of LDO1 under-voltage (UV) and over-
voltage (OV) faults, and all LDO over-current (OC) faults.

Bits Access | Bit Name Description
7:4 R/W RESERVED Reserved
Set the LDO OC fault’s debounce time.
) LDO_OC_ 2’b00: 10us
3:2 RIW | bEBOUNCE 2'b01: 20ps
2'b10: 40us
2'b11: 80us
Sets the LDO1 UV and OV faults’ debounce time.
. 2'b00: 10us
1:0 R/W LDO1_DEBOUNCE 2'b01: 20us
2'b10: 40pus
2'b11: 80us
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LDO2_OV_VTH (3Fh)

Format: Unsigned binary

POR Value: OxFF

The LDO2_OV_VTH command sets the LDO2 output voltage over-voltage (OV) rising threshold
(VouTtz2 ov RisING).

Bits Access | Bit Name Description

Sets Vourz_ov_rising, Which is between 0.45V and 3.6375V, 12.5mV/step.
Voutz_ov_rising IS limited for Vourz and the LDO2 output OV hysteresis
LDO2 OV (Vout2_ ov_Hys). To improve the accuracy of the parameters, the minimum
70 RW | THRESHOLD Vout2_ov_risine must exceed the sum of the maximum Vourz and maximum
Vout2_ov_Hys. VouT2 ov Rising can be calculated with the following equation:

Voutz_ov_rising = 0.45V + 0.0125V x LDO2_OV_THRESHOLD

LDO2_UV_VTH (40h)

Format: Unsigned binary

POR Value: 0x00

The LDO2_UV_VTH command sets the LDO2 output voltage under-voltage (UV) falling threshold

(VouT2_uv_FALLING)-

Bits Access | Bit Name Description

Sets Voutz uv_FaLLing, Which is between 0.45V and 3.6375V, 12.5mV/step.
Voutz_uv_FaLuinG IS limited for Vourz and the LDO2 output UV hysteresis
(Vout2_uv_Hys). To improve the accuracy of the parameters, the maximum

7:0 RIW LDO2Z_UV_ VouT2_uv_FALLING must be below the difference between the minimum Vour2 and
THRESHOLD maximum Vout2 uv_Hvs. VouTtz uv_FaLLNG can be calculated with the following
equation:

Voutz_uv_raLLing = 0.45V + 0.0125V x LDO2_UV_THRESHOLD

LDO2_MODE (41h)

Format: Unsigned binary

POR Value: 0x00

The LDO2_MODE command is used to set the status and debounce time of LDO2 UV/OV fault.

Bits Access | Bit Name Description
7:2 R/W RESERVED Reserved.
Sets the LDO2 UV and OV faults’ debounce time.
2'b00: 10us
1:0 R/W LDO2_DEBOUNCE 2'b01: 20ps
2'b10: 40us
2'b11: 80us
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LDO3_OV_VTH (42h)

Format: Unsigned binary

POR Value: OxFF

The LDO3 _OV_VTH command sets the LDO3 output voltage over-voltage (OV) rising threshold
(VouTs_ov RisING).

Bits Access | Bit Name Description

Sets Vours_ov_rising, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouts_ov_rising IS limited for Vours and the LDO2 output OV hysteresis
LDO3 OV (Vout2_ ov_Hys). To improve the accuracy of the parameters, the minimum
70 RW | THRESHOLD Vouts ov_risine must exceed the sum of the maximum Vours and maximum
Vouts ov_Hys. VouTs ov Rising can be calculated with the following equation:

Vouts_ov_rising = 0.45V + 0.0125V x LDO3_OV_THRESHOLD

LDO3_UV_VTH (43h)

Format: Unsigned binary

POR Value: 0x00

The LDO3_UV_VTH command sets the LDO3 output voltage under-voltage (UV) falling threshold

(VouTs_uv_FALLING)-

Bits Access | Bit Name Description

Sets Vouts uv_FaLLing, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouts_uv_FaLuinG IS limited for Vours and the LDO3 output UV hysteresis
(Vouts_uv_Hys). To improve the accuracy of the parameters, the maximum

7:0 Rw | LPO3_UV_ Vouts_uv_raLLinG must be below the difference between the minimum Vours and
THRESHOLD the maximum Vouts_uv_Hvs. Vouts_uv_raLLing can be calculated with the following
equation:

Vouts_uv_raLLing = 0.45V + 0.0125V x LDO3_UV_THRESHOLD

LDO3_MODE (44h)

Format: Unsigned binary

POR Value: 0x00

The LDO3_MODE command sets the debounce time of the LDO3 UV and OV faults.

Bits Access | Bit Name Description
7:2 R/W RESERVED Reserved.
Sets the LDO3 UV and OV faults’ debounce time.
2'b00: 10us
1.0 R/W LDO3_DEBOUNCE 2'b01: 20ps
2'b10: 40us
2'b11: 80us
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LDO4_OV_VTH (45h)
Format: Unsigned binary
POR Value: OxFF

The LDO4 _OV_VTH command sets the LDO4 output voltage over-voltage (OV) rising threshold

(VouTt4 ov RisiNG).

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

7:0

R/W

LDO4 OV_
THRESHOLD

Sets Vours_ov_rising, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouta_ov_rising IS limited for Voursa and the LDO4 output OV hysteresis
(Vouta_ov_Hys). To improve the accuracy of the parameters, the minimum
Vout4 ov Rrising must exceed the sum of the maximum Vouts and maximum
VouT4 ov_Hys. VouTs ov Rising can be calculated with the following equation:

Vouta_ov_rising = 0.45V + 0.0125V x LDO4_OV_THRESHOLD

LDO4_UV_VTH (46h)
Format: Unsigned binary
POR Value: 0x00

The LDO4_UV_VTH command sets

(VouTa_uv_FALLING)-

the LDO4 output voltage under-voltage (UV) falling threshold

Bits

Access

Bit Name

Description

7:0

R/W

LDO4_UV_
THRESHOLD

Sets Vout4 uv_FaLLing, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouta_uv_raLuinG IS limited for Voura and the LDO4 output UV hysteresis
(Vouta_uv_Hys). To improve the accuracy of the parameters, the maximum
Vout4_uv_raLLing must be below the difference between the minimum Vours and
maximum Vout4_uv_Hys. VouTs_uv_FaLLING €an be calculated with the following
equation:

Vouta_uv_raLLing = 0.45V + 0.0125V x LDO4_UV_THRESHOLD

LDO4_MODE (47h)
Format: Unsigned binary
POR Value: 0x00

The LDO4_MODE command sets the debounce time of the LDO4 UV and OV faults.

Bits Access | Bit Name Description

7:2 R/W RESERVED Reserved.
Sets the LDO4 UV and OV faults’ debounce time.
2'b00: 10us

1:0 RW | LDO4_DEBOUNCE | 201 20ps
2’b10: 40us
2’b11: 80us
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LDOS5_OV_VTH (48h)
Format: Unsigned binary
POR Value: OXFF

The LDO5 OV_VTH command sets the LDO5 output voltage over-voltage (OV) rising threshold
(Vouts_ov RisiNG).

Bits Access | Bit Name Description

Sets Vouts_ov_rising, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouts_ov_rising IS limited for Vours and the LDO5 output OV hysteresis
LDO5 OV (Vouts_ov_Hys). To improve the accuracy of the parameters, the minimum
70 RW | THRESHOLD Vouts ov_risine must exceed the sum of the maximum Vours and maximum
Vouts_ov_Hys. VouTs_ov Rising can be calculated with the following equation:

Vouts_ov_rising = 0.45V + 0.0125V x LDO5_OV_THRESHOLD

LDO5_UV_VTH (49h)

Format: Unsigned binary

POR Value: 0x00

The LDO5_UV_VTH command sets the LDO5 output voltage under-voltage (UV) falling threshold

(VouTs_uv_FALLING)-

Bits Access | Bit Name Description

Sets Vouts_uv_FaLLing, Which is between 0.45V and 3.6375V, 12.5mV/step.
Vouts_uv_raLuinGg IS limited for Vours and the LDOS5 output UV hysteresis
(Vouts_uv_Hys). To improve the accuracy of the parameters, the maximum

7:0 RW | LPOS_UV_ Vourts_uv_raLLinG Must be below the difference between the minimum Vouts and
THRESHOLD maximum Vouts_uv_Hys. VouTs_uv FaLUnG can be calculated with the following
equation:

Vouts_uv_raLLing = 0.45V + 0.0125V x LDO5_UV_THRESHOLD

LDO5_MODE (4Ah)

Format: Unsigned binary

POR Value: 0x00

The LDO5_MODE command sets the and debounce time of the LDO5 UV and OV faults.

Bits Access | Bit Name Description
7:2 R/W RESERVED Reserved.
Sets the LDO5 UV and OV faults’ debounce time.

2'b00: 10us
1.0 R/W LDO5_DEBOUNCE 2'b01: 20us
2’b10: 40us
2’b11: 80us

WDT_CFG (4Bh)

Format: Unsigned binary

POR Value: 0x00

The WDT_CFG command sets the watchdog configuration.

Bits Access | Bit Name Description

Enables whether the watchdog failure pulls the POR pin low.

7 R/W WDT_FAIL_POR 1°b0: Disabled
1’b1: Enabled
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Sets watchdog mode to window mode or Q&A mode.
6 RIW WDT_MODE 1'b0: Window mode
1'b1: Q&A mode

Enables the watchdog function and sets the watchdog fault limit. Once the
watchdog fault count reaches the limit, the watchdog failure is reported.

5:4 R/W WDT_EN 2'b00: Disabled
- 2’b01: Enabled. The watchdog fault limit value is 2

2’b10: Enabled. The watchdog fault limit value is 4
2’b11: Enabled. The watchdog fault limit value is 8

Enables the watchdog function when the MPQ70700FS is in sleep mode, sleep
mode entry, or sleep mode exit.

3 R/W WDT_SLP_EN

1’b0: Disabled
1'b1: Enabled
Sets the watchdog delay immediately after the watchdog function is enabled. If
the watchdog is enabled by default, the watchdog delay time starts when the
POR pin is pulled high. If the watchdog is disabled by default and POR is pulled
high, then the watchdog delay time starts when the watchdog is enabled via the

2:0 R/W | WDTDLY I2C interface. The watchdog delay can be calculated with the following
equation:

Watchdog Delay = (RG_WDTDLY + 1) x (Open Window Time + Closed

Window Time)

WDT_CLOSE (4Ch)

Format: Unsigned binary

POR Value: 0x00

The WDT_CLOSE command sets the watchdog'’s closed window time.

Bits Access | Bit Name Description

Sets the watchdog’s closed window time, which is between 1ms and 864ms.
Different settings of these bits have different formulas for calculating the closed
window time, which can be divided into three cases:

If the setting of these bits is between 8’b00000000 ~ 8'b00011111, then the
closed window time can be calculated with the following equation:

Closed Window Time = (WDT_CLOSE_WIN + 1) x Ims

If the setting of these bits is between 8’b00100000 ~ 8'b00111111, then the
closed window time can be calculated with the following equation:

Closed Window Time = 32ms + (WDT_CLOSE_WIN - 31) x 2ms

If the setting of these bits is between 8'b01000000 ~ 8'b11111111, then the
closed window time can be calculated with the following equation:

Closed Window Time = 96ms + (WDT_CLOSE_WIN - 63) x 4ms

7:0 R/W | WDT_CLOSE_WIN
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WDT_OPEN (4Dh)
Format: Unsigned binary
POR Value: 0x00

The WDT_OPEN command sets the watchdog’s open window time.

MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

Bits

Access

Bit Name

Description

7.0

R/W

WDT_OPEN_WIN

Sets the watchdog’s open window time, which is between 1ms and 864ms.
Different settings of these bits have different formulas for calculating the open
window time, which can be divided into three cases:

If the setting of these bits is between 8’b00000000 ~ 8'b00011111, then the
open window time can be calculated with the following equation:

Open Window Time = (WDT_OPEN_WIN + 1) x 1Ims

If the setting of these bits is between 8’b00100000 ~ 8'b00111111, then the
open window time can be calculated with the following equation:

Open Window Time = 32ms + (WDT_OPEN_WIN - 31) x 2ms

If the setting of these bits is between 8'b01000000 ~ 8'b11111111, then the
open window time can be calculated with the following equation:

Open Window Time = 96ms + (WDT_OPEN_WIN - 63) x 4ms

WDT_QA_CFG (4Eh)
Format: Unsigned binary
POR Value: 0x00

The WDT_QA_CFG command configures the Q&A mode watchdog.

Bits Access | Bit Name Description

75 RIW WDT FDBK Controls the sequence of the generated questions and the corresponding
- answers.

4:0 R/W WDT_SEED Watchdog token seed value. These bits generate a set of new questions.

WDT_TEST (4Fh)
Format: Unsigned binary
POR Value: 0x00
The WDT_TEST command clears the watchdog fault count.

Bits Access | Bit Name Description
7:2 R/W RESERVED Reserved.
If 1’b1 is written to this bit, then the watchdog fault count is reset to 0. This bit
is not reset to 0 automatically. If this bit remains set to 1, then the watchdog
1 R/IW WDT EAULT CLR fault count remains at 0.
1’b0: Does not clear the watchdog fault count to 0
1’b1: Clears the watchdog fault count to 0
0 R/W RESERVED Reserved.
MPQ70700FS Rev. 1.0 MonolithicPower.com 104

10/30/2025

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

© 2025 MPS. All Rights Reserved.



mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

WDTKEY (50h)

Format: Unsigned binary

POR Value: 0x00

The WDTKEY command receives and stores the watchdog key.

Bits Access | Bit Name Description

7:0 R/W WDT_KEY Receives and stores the watchdog key.

I2C_ADDRESS (51h)

Format: Unsigned binary

POR Value: 0x08

The I2C_ADDRESS command sets the I1°C address.

Bits Access | Bit Name Description

The low 2 least significant bits (LSB) I1°C target address is determined by the
I2C_ADDRESS_LSB_ | ADDR pin.

CFG 1'b0: I°C address = 12C_ADDRESS_NVM x 4 + 12C_ADDRESS_PIN
Others: Invalid.
6:2 R/W I2C_ADDRESS_NVM | The high 5LSB I2C target address.
Obtains the low 2LSB I?C target address by pulling up or pulling down the
ADDR pin.
1:0 R 12C ADDRESS PIN 2’b00: The ADDR pin is connected to GND

2’b01: The ADDR pin is connected to GND via a 100kQ resistor
2’b10: The ADDR pin is connected to VIN1 via a 100kQ resistor
2'b11: The ADDR pin is connected to VIN1

[2C_CONFIG (52h)

Format: Unsigned binary

POR Value: 0x00

The I12C_CONFIG command enables the I°C packet error checking (PEC) function.

Bits Access | Bit Name Description
71 R/W RESERVED Reserved.
Enables the 1>C PEC function.
0 R 12C_PEC_EN 1'b0: Disabled
1’b1: Enabled

[2C_10_CTL (53h)
Format: Unsigned binary
POR Value: 0x01

The 12C_IO_CTL command disables the I°C function in normal idle state to decrease the quiescent
current (lg).

Bits Access | Bit Name Description
7:1 R/W RESERVED Reserved.

In normal idle state, 1’b0 can be written to this bit to disable the 1°C PEC
function, which decreases lo. The I2C PEC function is only enabled again once
0 R 12C 10 EN the MPQ70700FS enters power-on state.

1’b0: Disabled. This bit can only be written in normal idle state
1’b1: Enabled. Cannot support writing to this bit

MPQ70700FS Rev. 1.0 MonolithicPower.com 105
10/30/2025 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2025 MPS. All Rights Reserved.



mP MPQ70700FS — MPSAFE™, ASIL-D, 5.5V PMIC W/ 5 LDOS FOR SoC, AEC-Q100

WDT_STATUSL1 (54h)
Format: Unsigned binary
POR Value: 0x00

The WDT_STATUS1 command indicates the watchdog status, including the watchdog answer to be
written, watchdog state, and the watchdog fault count.

Bits Access | Bit Name Description
In a watchdog sequence, these bits determine which watchdog answer must
be written.

76 R WDT ANSW CNT 2’b00: Watchdog answer 0 must be written

2’b01: Watchdog answer 1 must be written
2’b10: Watchdog answer 2 must be written
2’b11: Watchdog answer 3 must be written

Indicates the watchdog state.
) 2’b00: Idle
5:4 R WDT_STATE 2’b01: Closed window

2’b10: Open window
Other: Invalid command

Indicates the watchdog fault count. The maximum watchdog fault count is 8. If
the watchdog fault count reaches the limit (8), then the MPQ70700FS reports
a watchdog failure. The watchdog enters idle state, and the watchdog fault
3.0 R WDT_ACT_STATE count resets to 0. This means the watchdog fault count may not be 8, and the
maximum watchdog fault that can be read via the 1?C interface is 7.

Watchdog Fault Count = MIN(WDT_ACT_STATE, 8)

WDT_STATUS2 (55h)
Format: Unsigned binary
POR Value: 0x00

The WDT_STATUS2 command indicates the watchdog status, including the watchdog Q&A question
token, watchdog Q&A answer 0 token error, watchdog Q&A answer token error, and watchdog
closed/open window time configuration.

Bits Access | Bit Name Description
73 R WDT_TOKEN Watchdog Q&A question token.
Watchdog Q&A answer O token error. After the initiator device reads the
) R WDT ANSO ERR WDT_STATUS?2 (55h) command, this bit is cleared.
SRC 1’b0: Answer 0 byte is correct
1'b1: Answer 0 byte is wrong
Any WDT Q&A answer token error. After the initiator device reads the
1 R WDT TOKEN ERR WDT_STATUS2 (55h) command, this bit is cleared.
SRC 1’b0: The answer byte is correct
1’b1: The answer byte is wrong
Changes in the watchdog closed/open window time configuration. After the
0 R WDT CFG CHG initiator device reads the WDT_STATUS2 (55h) command, this bit is cleared.
SRC 1’b0: The watchdog closed/open window time does not change
1’b1: The watchdog closed/open window time changes
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WDT_STATUSS (56h)
Format: Unsigned binary
POR Value: 0x00

The WDT_STATUS3 command indicates the watchdog status, including the watchdog Q&A question
token, watchdog update window, watchdog violation detection, and watchdog timer expiry.

Bits Access | Bit Name Description

73 R WDT_TOKEN Watchdog Q&A question token.

Indicates whether the watchdog update window is open or closed.

2 R WDT_WIN_OPEN 1'b0: The watchdog update window is closed
1’'b1: The watchdog update window is open

Indicates whether an watchdog update violation occurs. After the initiator
device reads the WDT_STATUSS3 (56h) command, this bit is cleared.

1 R WDT_UPDATE_VIO
1’b0: No violation detected
1'b1: The watchdog updates too early
The watchdog timer expires without update to the WDTKEY register. After the
initiator device reads the WDT_STATUS3 (56h) command, this bit is cleared.
0 R WDT_EXPIRE

1’b0: Not expired
1’b1: Expired

BIST_STATUS (57h)

Format: Unsigned binary

POR Value: 0x00

The BIST_STATUS command indicates the watchdog status state.

Bits Access | Bit Name Description
7 R RESERVED Reserved.
) ABIST_LDOOC_ . .
6:5 R FAIL_CNT Indicates the ABIST LDO over-current (OC) failure count status.
4:3 R éEET—COMP—FAlL— Indicates the ABIST comparator’s flip-fail count status.
2:1 R LBIST_FAIL_CNT Indicates the LBIST fail count status.
0 R LBIST_DONE Indicates LBIST complete.

FORCE_EXIT_FS (58h)

Format: Unsigned binary

POR Value: 0x00

The BIST_STATUS command indicates the watchdog status, including exiting failsafe state.

Bits Access | Bit Name Description
7:1 R RESERVED Reserved.

Write 1 to this bit to force the device to exit failsafe state and enter normal

0 RIC/W | FORCE_EXIT_FS state. This bit resets to 0 automatically after writing 1.
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APPLICATION INFORMATION
Figure 44 shows the typical application circuit for the MPQ70700FS.

VMON2 is the positive input,
ground is the negative input

ERRO2

ERRO1

Low ERRIN signal valid

VMON2

VMON1-

ERRIN
Differential input
13v VMON1+
0.4V | EN
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3 3 > < [ <
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POR
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SCL

17
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Connect the SCL and SDA pins to the initiator device.
Requires a steady pull-up power supply

Figure 44: Typical Application Circuit (ADDR Connected to GND, Low Valid ERRIN Signal, GPIO1 and
GPIO3 as Inputs Connected to GND, Vout1 = 3.3V, Vourz2 = 0.75V, Vours = 1.2V, Vours = 0.75V, and Vours =

1.2V,)

Table 6 shows the design guide index.

Table 6: Design Guide Index

Pin # Name Components | Design Guide Index
EN R1 Enable (EN, Pin 1)
Selecting the Output Capacitors for LDO (VOUT1, Pin 2; VOUT2, Pin
2 VouTl 7, C8 9; VOUTS3, Pin 11; VOUT4, Pin 20; VOUTS5, Pin 22)
3 VIN1 C1, C2A, C2B | Selecting the Input Capacitors (VIN1, Pin 3; VIN2, Pin 10; VIN3, Pin 21)
4 GND - Ground Connection (GND, Pin 4)
5 GPIO1 R6 gie;tt;r;g GPIO1 and GPIO3 as the Input/Output (GPIO1, Pin 5; GPIOS3,
6 GPIO2 R8 Setting GPIO2 and GPI0O4 as the Output (GPIO2, Pin 6; GPIO4, Pin 8)
7 GPIO3 R7 giitt;;g GPIO1 and GPIO3 as the Input/Output (GPIO1, Pin 5; GPIOS3,
8 GPI104 R9 Setting GPIO2 and GP104 as the Output (GP102, Pin 6; GPIO4, Pin 8)
Selecting the Output Capacitors for LDO (VOUT1, Pin 2; VOUT2, Pin
9 VouT2 €9, €10 9; VOUTS, Pin 11; VOUT4, Pin 20; VOUTS5, Pin 22)
10 VIN2 C3,C4 Selecting the Input Capacitors (VIN1, Pin 3; VIN2, Pin 10; VIN3, Pin 21)
Selecting the Output Capacitors for LDO (VOUT1, Pin 2; VOUT2, Pin
11 VouT3 Cil,ci2 9; VOUTS3, Pin 11; VOUT4, Pin 20; VOUTS5, Pin 22;)
12 ERRQO2 R4 Error Output Indicator (ERRO2, Pin 12; ERRO1, Pin 19)
13 VMON2 - Voltage Monitor (VMONZ2, Pin 13; VMON1-, Pin 14; VMON1+, Pin 15)
14 VMON1- - Voltage Monitor (VMONZ2, Pin 13; VMON1-, Pin 14; VMON1+, Pin 15)
15 VMON1+ - Voltage Monitor (VMONZ2, Pin 13; VMON1-, Pin 14; VMON1+, Pin 15)
16 POR R5 Power-On Reset (POR, Pin 16)
17 SCL - I°C Interface (SCL, Pin 17; SDA, Pin 18)
18 SDA - I°C Interface (SCL, Pin 17; SDA, Pin 18)
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Table 6: Design Guide Index (continued)

Pin # Name Components | Design Guide Index

19 ERRO1 R3 Error Output Indicator (ERRO2, Pin 12; ERRO1, Pin 19)
Selecting the Output Capacitors for LDO (VOUTL1, Pin 2; VOUTZ2, Pin

20 vouT4 €13, cl4 9; VOUTS3, Pin 11; VOUT4, Pin 20; VOUTS5, Pin 22)

21 VIN3 C5, C6 Selecting the Input Capacitors (VIN1, Pin 3; VIN2, Pin 10; VIN3, Pin 21)
Selecting the Output Capacitors for LDO (VOUT1, Pin 2; VOUTZ2, Pin

22 VOUTS | CI5,C16 | o.y,6uT3, Pin 11; VOUTA4, Pin 20; VOUTS, Pin 22)

23 ADDR R10 Selecting the Resistor for the 1°C Address (ADDR, Pin 23)

24 ERRIN R2 Error Input Signal (ERRIN, Pin 24)

Enable (EN, Pin 1)

The EN pin can enable and disable all GPIO and
LDO outputs. Pull the EN below its falling
threshold (ViLen r) (0.4V) to shut down all
outputs. Pull EN above its rising threshold
(Vin_en r) (1.3V) to enable all GPIO and LDO
outputs.

There are separate dedicated register bits via
bits[4:0] of the CHANNEL_EN (18h) command to
enable the software for all the LDOs (LDO1,
LDO2, LDO3, LDO4, and LDO5). The physical
EN pin has a higher priority than the software
enable function.

The MPQ70700FS provides an internal, fixed
under-voltage lockout (UVLO) threshold. In the
normal input voltage (Vinxy) (where x = 1 to 3)
range, the rising threshold is 2.8V, and the falling
threshold is 2.6V.

The MPQ70700FS does not have a reaction for
start-up or shutdown through EN during power-
on/power-off and sleep mode exit/entry. This
means the shutdown through EN time should be
longer than 16 x time slot when starting up and
shutting down EN quickly.

Selecting the Output Capacitors for LDO
(VOUTL, Pin 2; VOUT2, Pin 9; VOUTS3, Pin 11,
VOUTA4, Pin 20; VOUTS5, Pin 22)

For stable operation, place a 3.3uF to 22uF,
ceramic capacitor with X5R or X7R dielectrics
between the VOUT pin and ground. Output
capacitors (Courx) (Wwhere x = 1 to 5) of other
dielectric types may be used, but they are not
recommended as their capacitance can deviate
greatly from their rated value across different
temperatures.

Larger-value capacitors improve line transient
response and reduce noise. For LDO, a larger
Coutx means that the MPQ70700FS must

provide a larger charge current during the soft-
start period. As such, Courx selection should
consider the output voltage (Vourx) (Where x = 1
to 5) soft-start (SS) slew rate (Vourx ss),
minimum output current limit (loutx_LmiT_MiN)
(where x = 1 to 5) and load current (I.oap). The
maximum allowable effective LDO1 output
capacitance (Cour1) can be calculated with
Equation (1):

louT1_LIMIT_MIN - lLOAD1
= — 1
Cours VouTi_ss (1)

For example, if VOUTl_SS = 20mV/us, IOUT1_L|M|T_M|N
= 420mA, and lLoap1 = 320mA, then the
maximum allowable effective Cour: should be
S5uF.

If the calculated maximum Coutx is less than
3.3uF, then Vourx ss should be reduced to
increase the maximum Coutx. If the calculated
maximum Courx exceeds 22uF, then the actual
Coutx should not exceed 80% of the calculated
maximum Couytx.

Selecting the Output Voltage for LDO

The Vourx range is between 0.5V and 3.6V. The
MPQ70700FS provides a different voltage step
depending on Vourx. If MODE = 0, then the
voltage step is 12.5mV, and the Vourx range is
between 0.5V and 1.0375V. If MODE = 1, then
the voltage step is 50mV, and the Vourx range is
between 1V and 3.6V. As such, when setting
Voutx, select MODE via the LDOx_VREF_MODE
bit (where x = 1 to 5) (21h, 24h, 27h, 2Ah, 2Dh,
bit[6]), then set Vourx via the LDOx_VREF bits
(where x = 1 to 5) (21h, 24h, 27h, 2Ah, 2Dh,
bits[5:0]).

For example, to set Vourz to 3.3V, follow the
below steps:

1. Setthe LDO2_VREF_MODE bit (24h, bit[6])
to MODE1, 50mV/step.
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2. According to the formula of the
LDO2_VREF bits (24h, bits[5:0]), the LDO2
reference voltage (Vrer2) should be equal to
56101110 when Vour: is 3.3V.

3. Set Vour2 to 3.3V via the LDO2_VREF bits.

Selecting the Input Capacitors (VIN1, Pin 3;
VIN2, Pin 10; VIN3, Pin 21)

For efficient operation, place a ceramic capacitor
with dielectrics (X5R or X7R) between the VINX
pin (where x = 1 to 3) and ground. The capacitor
is recommended to be between 1uF and 10uF.
Larger-value capacitors improve the line
transient response.

For VIN1, a 470nF, 0402 capacitor should be
placed between the VIN1 and GND pins, as
close to the IC as possible in the layout.
Meanwhile, for lower ambient temperatures (Ta),
a lower Vinx is recommended to be applied to
start-up.

Setting GPIO1 and GPIO3 as the Input/Output
(GPI01, Pin 5; GPIO3, Pin 7)

GPIO1 and GPIO3 can be configured as an
output pin or input pin via the GPIO_CFG (1Bh)
command. When GPIO and GPIO3 are
configured as output pins, connect them to a
stable power supply (e.g. Vour1) via a pull-up
resistor (e.g. 100kQ).

If GPIO1 is configured as the input pin, then pull
GPIO1 above its input high threshold (Vi4_gprio1)
(1.3V) to make the MPQ70700FS enter sleep
mode. Pull GPIO1 below its input low threshold
(ViL_cpio1) (0.4V) to make MPQ70700FS exit
sleep mode.

If GPIO3 is configured as an input pin, then
GPIO3 is used to control Vour: instead of using
the VREF_LDO1 (21h) command. Pull GPIO3
above its input high threshold (Vi4_crios) (1.3V) to
set Vour: to 1.8V. Pull GPIO3 below its input low
threshold (Vi__crios) (0.4V) to set Vour: to 3.3V.

If GPIO1 and GPIO3 are not used, then
configure these pins as outputs, and connect
them to GND.

Setting GPIO2 and GPIO4 as the Output
(GPIO2, Pin 6; GPIO4, Pin 8)

GPIO2 and GPIO4 are the output pins.
Connecting GPIO2 and GPI104 to a stable power
supply (e.g. Vour1) via a pull-up resistor (e.g.

100kQY). If GPIO2 and GP104 are not used, then
connect them to GND.

In the PCB layout, a ground wire should be
placed between the two adjacent GPIO signals.
This avoids crosstalk when the GPIO signal level
changes.

Error Output Indicator (ERRO2, Pin 12;
ERROL1, Pin 19)

ERRO1 and ERRO2 are open-drain output pins.
Connect ERRO1 and ERRO2 to a stable power
supply (e.g. Vin1) via a pull-up resistor (e.g.
100kQ).

ERRO2 can indicate an ERRIN fault and
watchdog failure. ERRO1 can indicate other
faults.

Voltage Monitor (VMONZ2, Pin 13; VMON1-,
Pin 14; VMON1+, Pin 15)

The MPQ70700FS provides two voltage
monitors (VMON1 and VMON2). VMONL1 is a
differential input, and VMON?2 is a single input.
For VMON1, the negative Vinx must be below
0.3V. If the VMON1- pin exceeds 0.3V, then the
internal diode may turn on, which results in an
incorrect internal VMON1 sense voltage. As
such, it is recommended to connect VMON1- to
GND.

VMONL1 and VMON2 can be enabled via the
MON1_EN bit (38h, bit[6]) and MON2_EN bit
(3Bh, bit[6]. The VMONL1/2 over-voltage (OV)
and under-voltage (UV) thresholds are also set
via the MON1_OV_VTH (36h), MON2_OV_VTH
(39h), MON21_UV_VTH (37h), and
MON2_UV_VTH (3Ah) commands. If VMONL1 or
VMON2 is not wused, then disable the
corresponding pins (VMON1-, VMON1+, and
VMONZ2, respectively), and connect the pins to
GND.

Power-On Reset (POR, Pin 16)

The POR pin is an open-drain output, and can
indicate whether all Vourx are good after the
power-on sequence. In addition, the POR pin
can indicate a watchdog failure and ERRIN fault.
This means the system can use the POR pin to
reset.

Connecting the POR pin to a stable power
supply (e.g. Vin1) via a pull-up resistor (e.g.
100kQ).
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Error Input Signal (ERRIN, Pin 24)

ERRIN is an error input pin. If the ERRIN pin
voltage (Verrin) is Not the expected value, then
the MPQ70700FS can pull up ERRO2 and reset
the POR pin. This helps the system to reset if a
fault occurs, and the fault is sent to the ERRIN

pin.

The ERRIN_MODE pin (14h, bit[6]) can set
whether the signal received by ERRIN is a high
or low valid signal. Pulling ERRIN above the
error input high threshold (Vib_errin) (1.3V)
means the ERRIN signal is high. Pulling GP10O3
below Vi__crios (0.4V) means the ERRIN signal is
low. If the ERRIN pin is not used, pull the pin to
a high valid signal, then connect it to GND.

I2C Interface (SCL, Pin17; SDA, Pin 18)

The MPQ70700FS’s interface is an I°C target
that supports up to 1Mbs of bidirectional data
transfer in fast-mode plus, which adds flexibility
to the sequencer.

If the 12C interface is not used, it is recommended
to connect the SDA and SCL pins to VIN1 via a
resistor (e.g. 100kQ).

Selecting the Resistor for the 1°C Address
(ADDR, Pin 23)

The MPQ70700FS supports 127 addresses. The
low 2 least significant bit (LSB) I1°C address can
be determined by detecting the voltage on the
ADDR pin (Vaoor). Table 5 on page 61 shows the
resistance and the pin connections for different
I°C addresses. The resistor tolerance should not
exceed 1% of the recommended resistance.

Ground Connection (GND, Pin4)

See the PCB Layout Guidelines section on page
112 for more details.
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PCB Layout Guidelines 0

Efficient PCB layout (especially the input
capacitor, boost output capacitor, inductor, and
Schottky diode placement) is critical for stable
operation. A 4-layer layout is strongly
recommended to improve thermal performance.
For the best results, refer to Figure 45 and follow
the guidelines below:

1. Place the 470nF, 0402 input capacitor (Ci)
as close to the VIN1 and GND pins as
possible.

2. Place another Cy as close to the VIN1, VIN2,
and VIN3 pins as possible.

3. Use a large ground plane to connect to GND.

4. Add vias near PGND if the bottom layer is a
ground plane.

5. Ensure that the high-current paths (e.g. GND
and VIN) have short, direct, and wide traces.

6. Place the input/output bypass capacitor,
especially the small package size (0603), as
close as possible to the VIN, VOUT, and GND
pins to minimize high frequency.

7. Keep the connection between Ci and the
VIN1, VIN2, and VIN3 pins as short and wide
as possible.

8. Place a ground wire between two adjacent
GPIO signals.

9. Use multiple vias to connect the power planes
to the internal layers.

Note:

20) The recommended PCB layout is based on the typical
application circuit (see Figure 46 on page 113).

TR

—|

o

RN ]
oo [HlSIE]

TENN

Bottom Layer
Figure 45: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS

VMONZ2 is the positive input,
ground is the negative input

ERRO2 ¢ 0 VMON2
ERROlo
VMON1-
ERRIN o Low ERRIN signal valid
Differential input
1.3V 0 VMON1+
04V[EN © *
R1
100kQ lOOkQ 100k0 100ka A gl o 8 o s 0
<> 0603 2 2 0603 2 0603 i B el ] -
2.8V t0 5.5V z Z2 o o o & +
[ w5 O o} z —
Vin J_ CI J_ C2A J_ CZB VINL x 4 g g % %
47uF 100nF-|—470nF W o o < = 3 2
GND o 0603 0603 040120 s . SUTl J_ - l _ © Vouns
g VIN2 105630;/3,: B 3.3V/400mA
ShET= 1500 0603 GND
s . I
= =24 VINS vouT2 J_ Co J_ [ 2 Vourz
1 51R 2oV 2V 1.8V/400mA
4T 1000F 100nF== 4.7yF
R9 0603 | 0603 0603 | 0603 GND
é 100k0 S 160k S 100k0 émom 100k _PT—_ I——T—_L—O=
0603 5 0603 < 0603 <> 0603 <> 0603 = GND
ADDR connected |_: P MPQ70700FS VOuT3 J_ oI J_ [T 0 Vours
to GND 23 U T 0.75V/400mA
ADDR 06613 060%7
R10 GND
= 0008 vouT4 ZOJ_ c12 C14 © Vours
p
GPIO2 81 GPI02 I A 1.8V/400mA
8 0603 0603 GND
GPIO4 o GPIO4 2 =
7 VOUTS 0 Vours
© GPIO3 C15 | ci6
ePIos 2L B 0.75V/400mA
GPIO1 51 GPIo1 0603 | 0603 GND
16 scL scL
POR POR 18
SDA o0 SDA

Connect the SCL and SDA pins to the initiator device.
Requires a steady pull-up power supply

Figure 46: Typical Application Circuit (ADDR Connected to GND, Low Valid ERRIN Signal, and All GPIOs
as Output Pins)

VMONZ2 is the positive input,
ground is the negative input

ERRO2 VMON2
ERRO1 VMONL.
High ERRIN signal valid
ERRIN
Differential input
1.3V VMON1+
0.4V| EN
Sk S1000 Stk S 100k A g g & o s 0
>0503 < o603 >70603 < 0603 b k) I ] I h
o .
Vin 3 g E 3 & 2 =t %
28V 1055V 1z ;3\; wcxp A;g,YF v E F g 8 2 9
T os03 T 0603 T o4 wow o > g E 2 Vi
GND VOUTL J_ 7 J_ T8 ouTL
J_ % VIN2 Bl B 1.8V/400mA
%a}:/ lggXF 0603 0603 GND
0603 0603 9 =
= - C§1 VIN3 VOouT2 J_ ) J_Clo Vourz
I&LR v L v 1.2V/400mA

1k 100nF ..
< <L R8 < 0603 060% 0603 0603 GND
< 100kQ <>100k0 <> lOOkQ < 100kQ < OQ T
0! < 0603

<0603 7 0603 0603 < q o603 T GND 1 N
ADDR comected l: Pio MPQ70700FS YU T T e Vours
to VINL ADDR Do o 0.6V/400mA
0603 0603 GND
6 ¥
GPIO2 GPIO2
. VouT4 J_m I Voura
GPIO4 GPI04 T 1.5V/400mA
, = GND
GPIO3 GPIO3 » -
VOouTS R Vours
1.3V P 1.1V/400mA
5 0603 06(5‘3
0.4V [ GPIO1 (EN2) GPIO1 GND
1 scL (L scL
POR POR 18
SDA SDA

Connect the SCL and SDA pins to the initiator device.
Requires a steady pull-up power supply

Figure 47: Typical Application Circuit (ADDR Connected to VIN1, High Valid ERRIN Signal, GPIO2 and
GPIO4 as Output Pins, and GPIO1 and GPIO3 as Input Pins)
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PACKAGE INFORMATION

TQFN-24 (5Smmx5mm)
Wettable Flanks

4.90 <35
) 5';(} . 5~‘45 . PIN1ID
nPnTRK::G_\ | SRRsHaRsN: //_0.30x45°TYP.
180 l W\ (i

j 0.65 T D \ .
PIN1ID BSC 4 1 —
INDEX AREA | /4 — T g?g o -+ Ta 3122

\ %ﬁD \ al

‘ * 130 \> (Nea

‘ @ A EETQ O 9

| 035 | | Ll

0.45
TOP VIEW BOTTOM VIEW

I o012

0.70 0.70
0.20 REF—=—— _ v 0.80 0.80 ji%

0.00 - [ 0.18
0.05 0.20 REFJ 4@
0.15
SIDE VIEW SECTION A-A

0.70

1) THE LEAD SIDE IS WETTABLE.

2) ALL DIMENSIONS ARE IN MILLIMETERS.
3) LEAD COPLANARITY SHALL BE 0.08
MILLIMETERS MAX.

4) DRAWING CONFIRMS TO JEDEC MO-220.
5) DRAWING IS NOT TO SCALE.

o
=n
— f—% 3.40 4.90 NOTE:
mm
F

h
o
%4
m=
I$I

RECOMMENDED LAND PATTERN
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CARRIER INFORMATION @

QOOOOOOO

Reel Pinl > 1p e 1 inre
Diamerer
.
Feed Direction
. . . Carrier Carrier
Package Quantity/ | Quantity/ | Quantity/ Reel
Part Number Description Reel Tube Tra Diameter Tape Tape
P y Width Pitch
MPQ70700FSGUTE- TQFN-24 .
XXXAECL-Z (5mmx5mm) 5000 N/A N/A 13in 12mm 8mm
Note:

21) N/A indicates “not available” in tubes. For 500-piece tape & reel prototype quantities, see factory. (The order code for a 500-piece of a partial
reel is “-P,” and the tape & reel dimensions are the same as the full reel.)
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