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RAA271082

Automotive PMIC with Three Synchronous Buck Regulators and One Low Dropout Linear Regulator

The RAA271082 is a versatile multi-rail power IC
comprised of a primary high voltage synchronous
buck regulator, two secondary low voltage
synchronous buck regulators, and an LDO regulator.
It offers four overvoltage and undervoltage monitors,
I2C communications, a general-purpose 1/O pin, and a
dedicated reset output/fault indicator. RAA271082
was designed using an ASIL-D ISO-26262
development process and is intended to meet ASIL-B
device metrics. The RAA271082 includes a second
bandgap reference for the OV/UV monitors, built-in
self-test at power-up, independent OV/UV monitoring,
and continuous CRC error checking on internal

registers and 12C communications.

Requiring few external components and minimal
board space, the RAA271082 provides a high-density
power solution. It offers an extensive feature set
configured using internal One-Time Programmable
(OTP) memory. Nearly all device options such as
each output voltage selection, power sequencing, and
OV/UV thresholds are internally configured and
require no external components for selection. The
regulators also offer internal compensation. The
bucks are synchronous to achieve high efficiency and
are capable of operating in harsh environments
requiring high ambient temperature.

The RAA271082 is available in a 4mmx4mm 24-lead
Step Cut QFN (SCQFN) package with an exposed
pad for improved thermal performance. It is
AEC-Q100 qualified to Grade 1 and operates across
an ambient temperature range of -40°C to 125°C and
is electrically specified across a junction temperature
range of -40°C to 150°C. Automotive PMIC for 32-bit
Microcontrollers in BMS, Zone Controller, Domain
Controller, and Gateway applications.

Applications
= Driver monitoring cameras
= Rear and surround view HD automotive cameras

= Microcontroller PMIC for battery management
systems

= Microcontroller PMIC for zone and domain
controllers

= Microcontroller PMIC for gateway units

Features
= ASIL-D 1S026262 Development Process
= VIN Operating Range from 4.0 to 42V

+ Start Range 4.5 to 42V

= Fixed Switching frequency: 2.2MHz with optional
pseudo-random spread spectrum

= Three synchronous bucks with internal
compensation and one LDO

* Buck1 output range: 2.8V to 5.05V, up to 1A

» Buck2/3 output range: 0.85V to 3.3V, up to 1A

+ LDO4 output range: 2.7V to 3.4V, up to 300mA
= OTP UV/OV Thresholds: 4%, +6%, 8%, +12%
= OTP power up/down sequence and delay

= Optional output discharge on Buck2, Buck3, and
LDO4

= Configurable GPIO pin
= Dual EN pins
= Protection Features
* Input Voltage UVLO
* Output OV/UV

» Overcurrent protection on internal and output
LDOs

» Over-temperature shutdown

= Functional Safety Features
* Built-in Self Test (BIST) at power up
» Dual Bandgap/Reference Chains

* Independent UV/QOV sense path for Buck1
Output

» Configurable Window Watchdog Timer (WWDT)

» Continuous CRC checking of OTP shadow
registers

+ CRC protected 12C communication
» Configurable fault manager

= AEC-Q100 Qualified, Grade 1: -40°C to +125°C
(T, =150°C)
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1. Overview

1.1
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Figure 1. Typical Application Schematic
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1.2

Block Diagram
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2. Pin Information

21 Pin Assignments

A
i 5
0w o o Q
< < Z o o O
T T O m o A
a o o b ow
24] 23] [22] [21] [20] 19
VINZ/3 | 1] i ! [18 LDOIN4
cFG1 | 2] i i 117] FB1
| |
EN_LV | 3] : PAD | [16| RSTB
NG [4] | 25 | [18] ario
BOOT1 | 5] ! i [14 sDA
| |
PHASE1 | 6] | ' [13 scL
b |
[71[8][9][10] [11][12
Z T O - oo
5222035
(O]
o
Top View
2.2 Pin Descriptions
Pin . L.
Pin # Description
Name
Supply input for Buck2 and Buck3. VIN2/3 must be connected to VOUT1. VIN2/3 is the input to the Buck2
VIN2/3 1 and Buck3 switching regulators. Place a ceramic decoupling capacitor (10uF) from VIN2/3 to PGND2/3,

located as close as possible. The DC voltage applied to VIN2/3 should not exceed 5.5V during normal
operation.

Buck1 configuration input. CFG1 is a tri-level input that configures the Buck1 regulator loop
compensation. For details see Configure Pin in Buck1 Electrical Specifications. The three levels are (a) tied
CFG1 2 low to GND, (b) tied to BYP, and (c) open or floating. In the floating state, the CFG1 voltage is internally
pulled to 50% (typical) of the BYP supply voltage.

Note: The CFG1 pin state is read once and latched during Startup.

Enable Input for Low Voltage Outputs. EN_LV is the enable input that controls the low voltage outputs
(Buck2, Buck3, and LDO4). When EN_LV is high, the low voltage regulator startup sequence begins. When
EN_LV 3 EN_LV is set low, the low voltage outputs turn off in reverse sequence. The EN_LV pin has an input range of
0V to VBYP.

Note: The EN_LV pin is ignored when VOUT1 is off.

No connection. Not internally connected.
NC 4 Note: This pin must be unconnected to provide spatial clearance between high-voltage and low-voltage pins
on the IC. Do not connect this pin to any net nor to GND.

Buck1 high-side MOSFET driver supply. BOOT1 provides bias voltage for the Buck1 high-side MOSFET
BOOT1 5 driver. Place a 0.22uF ceramic capacitor between the BOOT1 and PHASE1 pins. The internal bootstrap
circuit recharges the boot capacitor when the Buck1 low-side switch is on.

Switching node of Buck1. PHASE1 is the connection point of the high-side N-channel MOSFET and low-

PHASE1 6 side N-channel MOSFET switches of Buck1.
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Pin

Pin # Description
Name

Enable control input. EN is a tri-level input.

When EN is below 0.95V, the IC is disabled and all faults are cleared.

When EN is between 1.2V and 1.6V, the device enters Standby Mode. The BYP LDO is enabled and factory
OTP registers are scanned, but all outputs and switching are disabled. Standby Mode allows changes to be
EN 7 made to the Option Registers using the 12C interface.

When EN exceeds 1.85V, the HV Buck1 is enabled and switching begins. The LV outputs (Buck2, Buck3,
and LDO4) are also enabled if the EN_LV input is logic high.

The DC voltage applied to EN should not exceed 42V during normal operation. The EN pin can withstand
transients up to 45V.

Supply input for the IC and Buck1 switching regulator. VIN1 supplies the Buck1 switching regulator and
VIN1 8 also supplies the BYP regulator that powers IC circuits. Place a minimum 2.2uF ceramic capacitor in parallel
with a 0.1uF ceramic capacitor from VIN1 to PGND1, located as close as possible to the IC.

No connection. Not internally connected.This pin must be unconnected to provide spatial clearance

NC 9 between high-voltage and low-voltage pins on the IC. Do not connect this pin to any net nor to GND.

Ground return of Buck1. Provides the return path for the low-side MOSFET and drivers of Buck1. The
traces connecting this pin to the decoupling capacitor between VIN1 and PGND1 should be as short as
possible. Any sensitive signal traces should not connect directly to this ground path. Connect this pin to the
ground copper plane and add multiple ground vias close to this pin.

PGND1 10

System ground. Analog ground pin for internal sensitive analog circuits. Connect GND to a large copper
ground plane free from large noisy signals. Connect this pin to PGND1 (pin 10) directly at the pins, with
separate ground islands for PGND1 and GND for the associated components. In layout power flow planning,
divert any noisy high currents away from the area around this pin and the analog sense pins of the IC.

GND 1

BYP LDO bypass. Bypass/output node of the BYP regulator that supplies bias voltage for the IC. Connect a
BYP 12 4.7uF ceramic capacitor between this pin and PGND1. The BYP LDO supplies a fixed 4.3V bias but the bias
operating range is 3V to 5.5V.

SCL 13 Digital clock input. The serial clock input to the I12C interface. Requires external pull-up.

SDA 14 Digital Data input/output. Serial data input/output to 12C interface. Requires external pull-up.

Digital general-purpose 1/0. The GPIO pin is an open-drain pin that can serve as a status monitor,
windowed watchdog timer, or general-purpose I/O. At power-up, the pin is low while the device initializes.
When initialization is complete, the GPIO remains low and the outputs begin switching. The GPIO pin
function can then be reassigned through the I12C interface using register 0xA4.

GPIO 15

System reset output. The RSTB is an active low/active high output that provides a reset (low) signal to the
system MCU when a fault occurs. Faults that trigger the RSTB output are listed in the RSTB information
section. Any faults detected can be read from the Fault Status Registers.

Note: When the RSTB output is high, it is internally driven to the BYP voltage, typically 4.3V. Devices
connected to this pin must be able to tolerate signal levels up to the BYP voltage or use a resistor divider to
reduce the voltage at the receiving end.

RSTB 16

Buck1 output voltage sensing input. Connect FB1 to the output of Buck1 to provide the feedback sense
voltage for the Buck1 regulator. The Buck1 output voltage is factory-programmable from 2.8V to 5.05V. The
FB1 17 Buck1 UV/OV thresholds are factory-programmable also. Route the FB1 trace away from noisy or high-
dV/dt signals.

Note: Buck1 UV/QV is sensed through the LDOIN4 input, not through the FB1 input.

Input to LDO4. LDOIN4 is the input of the low-dropout linear regulator LDO4. LDO4IN must be connected
LDOIN4 18 to the output of Buck1. (The Buck1 output voltage is sensed at FB1, the pin adjacent to LDO4IN.)
Note: LDOIN4 also functions as the UV/OV sense point for Buck1.

Output of LDO4. LDOOUT4 is the output of the low-dropout linear regulator LDO4. The output voltage is

LDOOUT4 19 factory-programmable from 2.7V to 3.4V.
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Pin
Pin # Description
Name
Buck2 output voltage sensing input. Connect FB2 to the output of Buck2 to provide the feedback sense
FB2 20 voltage for the Buck2 regulator. The FB2 pin is also the sense point for the Buck2 UV and OV comparators.
Route the FB2 trace away from noisy or high-dV/dt signals.
Buck3 output voltage sensing input. Connect FB3 to the output of Buck3 to provide the feedback sense
FB3 21 voltage for the Buck3 regulator. The FB3 pin is also the sense point for the Buck3 UV and OV comparators.
Route the FB3 trace away from noisy or high-dV/dt signals.
Shared ground return for Buck2 & Buck3. Return path for the low-side MOSFETs and gate drivers of
PGND2/3 29 Buck2 and Buck3. The decoupling capacitor between VIN2/3 and PGND2/3 should be routed using direct,
short PCB traces. Any sensitive signal traces should not share traces with this PGND2/3 return path.
Connect this pin to the ground copper plane and add multiple ground vias close to the pin.
PHASE3 23 Switching node of Buck3. Connection point of the high-side and low-side MOSFET switches of Buck3.
PHASE2 24 Switching node of Buck2. Connection point of the high-side and low-side MOSFET switches of Buck2.
PAD ) Package thermal pad. PAD must be soldered to a large ground plane on the PCB. Use multiple vias to
provide a heat path for the IC package. PAD is not connected internally.
R33DS0019EUO0104 Rev.1.04 %NESAS Page 9
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3. Specifications

3.1 Absolute Maximum Ratings

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such
conditions can adversely impact product reliability and result in failures not covered by warranty.

Parameter Minimum Maximum Unit
Buck1 Power
VIN1 to PGND1 -0.3 +45 \%
PHASE1 to PGND1 (DC) -0.3 VIN + 0.3 \%
PHASE1 to PGND1 (20ns) -2 VIN + 0.3 Vv
BOOT1 to PHASE1 -0.3 +6.0 \Y
Buck2, Buck3, LDO4 Power
VIN2/3 to PGND2/3 (DC) -0.3 5.8 \%
VIN2/3 to PGND2/3 (20ns) -0.3 7.0 \Y
PHASE2, PHASE3 to PGND2/3 (DC) -0.3 VIN2/3 + 0.3 \Y%
PHASE2, PHASE3 to PGND2/3 (20ns) - 7.0 \Y%
PHASE2, PHASE3 to PGND2/3 (100ns) -2.0 \Y
LDOIN4, LDOOUT4 to PGND2/3 -0.3 58 \
Analog and Digital I/0
EN to GND -0.3 +45 \Y
BYP, FB1, FB2, FB3 to GND -0.3 +6.5 Vv
SCL, SDA, GPIO to GND -0.3 +6.5 \
EN_LV, CFG1, RSTB to GND -0.3 BYP + 0.3 \%
3.2 ESD Ratings

ESD Model/Test Pins Ratings Unit

Human Body Model (Tested per AEC-Q100-002) All Pins 2 kV
Corner 750
Charged Device Model (Tested per AEC-Q100-011)
Other 500
Latch-Up (Tested per AEC-Q100-004; Class 2, Level A) - 100 mA
3.3 Thermal Information
Thermal Resistance (Typical) 8,4 (cC/W)I1] 0,c (°C/w)i2]

24 Ld SCQFN Package 35.6 1.2

1. 6y is measured in free air with the component mounted on a high-effective thermal conductivity test board with direct attach features.
See TB379.

2. For 8¢, the case temperature location is the center of the exposed metal pad on the package underside.
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Parameter Minimum Maximum Unit
Junction Temperature Range -55 +150 °C
Storage Temperature Range -65 +150 °C
Pb-Free Reflow Profile See TB493
3.4 Recommended Operation Conditions
Parameter Minimum Maximum Unit
V\n1 Supply Voltage 4[1] 42 v
EN to GND 0 42 Vv
EN_LV to GND 0 5.5 Vv
Vin2/3 Supply Voltage Range 2.8 55 \
Buck1 Output Current 0 1.0 A
Buck2, Buck3 Output Current 0 1.0 A
LDO4 Output Current 0 0.3 A
Operating Junction Temperature Range -40 +150 °C
Ambient Temperature Range -40 +125 °C
CFG1 to GND 0 BYP \Y
1. Minimum VIN1 voltage for startup is 4.5V. After startup, the device can operate down to 4.0V.
3.5 Electrical Specifications
T,=-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C and VIN1 = 12V.
Parameter Symbol Test Conditions Min Typ Max Unit
VIN1 rising 45
(Factory Options) 5% (5.0, 6.5, 7.0) 5% v
VIN1 Startup Threshold Voltage | Viy1uv) VINA falling 3.45 3.60 3.77 v
VIN1 hysteresis
VIN1 Operating Voltage Range VN1 4 - 42 V
VIN1 Supply Shutdown Current Isp EN 0.4V, VIN1 =12V - 1.6 10 MA
VIN1 Supply Standby Current - EN=1.5V, VIN1 =12V, EN_LV = GND - 4 - mA
\é'u'\::eft‘fﬁp'y Operating - Eﬁiﬁ/t E\’\:; l\\l/:),\llz)azd 1029/ BYP, - 17 - mA
VOUT1, VOUT2, VOUT3, VOUT4.
EN Pin
\E/cl;llt:g:[aollown Threshold Venorr) | - ) i 04 v
EN Rising (Standby) 0.71 1.2 1.70
\E/(';lltsg:b'e Standby Threshold Venoo) | EN Falling (Standby) 0.52 0.86 1.23
Falling Hysteresis - -340 - mV
R33DS0019EUO0104 Rev.1.04 RENESAS Page 11
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T,=-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C and VIN1 = 12V. (Cont.)
Parameter Symbol Test Conditions Min Typ Max Unit
EN Rising (Buck1 On) 1.72 1.78 1.83 Vv
EN Enable Buck1 Threshold .
Voltage Venk1) | EN Falling (Buck1 On) 1.54 1.59 1.64 \%
Falling Hysteresis - -190 - mV
EN Disable Off-Delay i Delay from EN falling edge to ) 300 i us
commencing shutdown sequence.
EN Pin Input Leakage - EN =4V to 42V - 0.01 - MA
EN_LV Pin
EN_LV Input Leakage Current - - -1 - 1 MA
EN_LV Low-Level Input Voltage Vi (Schmitt input) - - 0.5
- 1.7 - -
EN_LV High-Level Input Voltage Vi
Falling Hysteresis - 315 - mV
Delay from EN_LYV falling edge to
EN_LV Off-Delay - commencing VOUT2/3/4 shutdown - 300 - us
sequence.
Internal LDO (BYP)
VIN1 =12V, EN = 1.6V, Igyp = 0OmA 4.0 4.3 4.5
Internal LDO Voltage (BYP Pin) | Vpp(nr)
VIN1 =12V, EN = 1.6V, Igyp = 20mA 4.0 4.3 4.5
Internal LDO Dropout Voltage
- VIN1 =4V, EN = 1.6V, Igyp = 20mA - 71 145 mV
(VDROPOUT = VIN1 - BYP)
BYP Falling 2.80 3.15 3.50
Power-On Reset Threshold .
Voltage (BYP Pin) VpoR BYP Rising 3.42 3.60 3.85
Rising Hysteresis - 450 - mV
Tsp Temperature Rising 151 160 170 °C
Thermal Shutdownl']
TspHys) | Falling Hysteresis - 15 - °C
Switching Frequency fsw Spread Spectrum Disabled 1.98 2.20 2.42 MHz
Fault Protection Hiccup Mode | | Hiccup Timeout Period 180 200 220 ms
Interval
Buck2 On-Edge to Buck1 i i ) 0 i o
On-Edge Phase Relationship
Buck3 On-Edge to Buck1 I . o
On-Edge Phase Relationship - Factory default, (0° option available) - 180, (0) -
1. Limits are assured by design.
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RAA271082 Datasheet

3.5.1 Buck1 Electrical Specifications
T,=-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C and VIN1 = 12V.
Parameter ‘ Symbol ‘ Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Configure Pin
CFG1 Input Low Voltage - 1.283 1.498 1.685
CFG1 Input Open Voltage - DC voltage measured at open pin 2.119 2.187 2.255
CFG1 Input High Voltage - 2.615 2.854 3.026
CFG1 Leakage i CFG1 driven by DC source, 0V to 29.3 i +31 uA
BYP.
FB1 Pin Input Impedance Reg1 - 89 - kQ
FB1 Pin Voltage Accuracy Ty =-40°C to +150°C, lyourq = OMA 3.743 3.857
VEg1 Factory Programmed. 3.8 \%
at VOUT1 = 3.8VI2] . . [-1.5%] [+1.5%]
Other voltage options available.
VOUT1 = from 0% to 95%,
Buck1 Soft-Start Ramp Time - (factory options, see Output Soft-Start - 1.2 - ms
Ramp)
Upper Pulse-Skipping ) VIN1 rising 18.99 19.55 20.14
Threshold VIN1 falling Hysteresis - 1.0 -
VFB1 falling -8
. -1.5 +1.5 %
Undervoltage Threshold Vv | (Factory options) (-4,-6,-12)
VFB1 rising hysteresis +0.4% +0.8% +1.2% %
FB1<V 2
Undervoltage Fault Delay FB1(_UV) » - - us
(Factory options additional delay) (10, 25, 45)
VFB1 rising +8
. -1.5 +1.5 %
Overvoltage Threshold Veg1(ov) | (Factory options) (+4, +6, +12)
VFB1 falling hysteresis -0.4 -0.8 -1.2 %
Overvoltage Fault Delay - - - 2 - us
Severe Undervoltage Threshold - VFB1 falling -24 -20 -16 %
Severe Overvoltage Threshold - VFB1 rising -16 +20 24 %
Buck1 Output Current Protection
OC1 Overcurrent Limit, Factory programmed. 15
l10c1) i 1.2 1.8 A
Cycle-by-Cycle (Factory options) (1.2, 1.75)
Overcurrent Limit Blanking Time - - - 75 105 ns
OC2 Overcurrent Limit,
Hiccup/Latch-Off locz) | - 161 2.00 242 A
Overcurrent Hiccup Delay - Consecutive cycles on lyoc2) - 7 - cycles
Negative Current Limit | Factory programmed. i -0.80 i A
Detection TNLM) | (Factory options) (-1.0)
High-side Switch lpHaset = 100mA, VIN1T =12V, ) i
On-Resistance Reps | BYP = 3.8v, BOOT = 3.8V 430 me2
. . . IPHASE'] = 100mA, VIN1 = 12V,
Low-side Switch On-Resistance Rips BYP = 3.8V - 336 - mQ
Minimum On-Timel3! ton VIN1 = 5.5V 20 35 49 ns
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T,=-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T, = +50 °C and VIN1 = 12V. (Cont.)

Parameter Symbol Test Conditions Min Typ Max Unit
Minimum Off-Timel3] torr - 24 36 49 ns
PHASE1 Rise Timel'l tRlSE'] Figure 1. VIN1 = 12V, VOUT1 at - 4 - ns
PHASE1 Fall Time [1] tearlq | 200mAload. - 4 - ns
PHASE1 Leakage Current - VOUT1 not switching - - 460 nA
1. Buck1 not in Pulse Skipping Mode and Buck1 On-time is greater than the minimum on-time.
2. Electrical Specification limits apply only for the factory-programmed settings.
3. Minimum on-time and minimum off-time required to maintain loop stability and output regulation.
3.5.2 Buck2 and Buck3 Electrical Specifications
T,=-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C VIN1 = 12V.
Parameter ‘ Symbol ‘ Test Conditions ‘ Min ‘ Typ Max Unit
Input Supply
VIN2/3 Voltage Range - Internal compensation 2.8 - 5.5
VIN2/3 Undervoltage v Rising. No output load. - 242 2.60
IN2/3_UV
Threshold - Falling. No output load. 2.10 2.30 -
Figure 1 VIN1 =12V, fgy = 2.2MHz.
VIN2/3 Quiescent Supply | VIN2/3 = 3.8V. VOUT2 = 1.8V, ) 10 i mA
Currentl'] VIN2/3 | yOUT3 = 1.2V. No load on all
outputs.
VIN2/3 Shutdown Supply _ _
Current Isp_ vinziz | EN_LV =0V, VIN2/3 = 5.5V - 11 18.3 MA
Output Regulation
FB2 Pin Voltage Accuracy v T, =-40°C to +150°C, lyoytp = OMA | 1.773 1.8 1.827 Vv
at VOUT2 = 1.8V FB2 (Factory options) [-1.5%] | (0.85V —3.3V) | [-1.5%]
FB3 Pin Voltage Accuracy Vv T, =-40°C to +150°C, lyoyts = OmA 1.182 1.2 1.218 v
at VOUT3 = 1.8V FB3 (Factory options) [+1.5%] | (0.85V —3.3V) | [+1.5%]
VOUT2 = 18V, from 0% to 95%
Buck2 Soft-Start Ramp Time - (factory options, see Output Soft- - 1.2 - ms
Start Ramp)
Vours = 1.2V, from 0% to 95%
Buck3 Soft-Start Ramp Time - (factory options, see Output Soft- - 0.82 - ms
Start Ramp)
Output Voltage Protection
VEgo falli -8
Fez 1aling 15 15 | %
(Factory options) (-4, -6, -12)
Undervoltage Threshold!!] VEB2(UV) Vraz Undervoltage tolerance
With respect to Programmed UV -1.5 - +1.5 %
target
VEgo Undervoltage Hysteresis +0.4 +0.8 +1.2 %
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T, =-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C VIN1 = 12V. (Cont.)

Parameter Symbol Test Conditions Min Typ Max Unit
VEgp rising i +8 o
(Factory options) 15 (+4, +6, +12) 1.5 L
Overvoltage Threshold!'] VEB2(0V) Va2 Overvoltage tolerance
With respect to Programmed OV -1.5 - +1.5 %
target
VEgo Overvoltage Hysteresis -0.4% -0.8% -1.2% %
Vg3 fallin -8
FB3 1&NG 15 5 | %
(Factory options) (-4, -6, -12)
Undervoltage Threshold!!] VEB3(LY) VF,B3 Undervoltage tolerance
With respect to Programmed UV -1.5 - +1.5 %
target
Vg3 Undervoltage Hysteresis +0.4 +0.8 +1.2 %
VEgs3 rising i +8 o
(Factory options) 15 (+4, +6, +12) 1.5 o
Overvoltage Threshold!'] VEB3(ov) VF,B3 Overvoltage tolerance
With respect to Programmed OV -1.5 - +1.5 %
target
Veg3 Overvoltage Hysteresis -0.4% -0.8% -1.2% %
FB2 < Vggy(UV) 2 s
(Factory options) (10, 25, 45) H
Undervoltage Fault Delay -
FB3 < Vgg3(UV) 2 s
(Factory options) (10, 25, 45) H
Output Current Protection
Buck2 and Buck3
imi 1.2
8V§|Z_l:)rr?:tcll'émlt’ llz('-"v')’ (Factory options: Buck2 and Buck3 - 0.96. 1.56 - A
ycle-by-cy 3(LIM) overcurrent limits are independent) (0.96, 1.56)
Overcurrent Fault Delay - - - 100 - cycles
Negative Current Limit ooy | -1.30 -0.88 -0.49 A
[3(NLIM)
Feedback Pin
FB2, FB3 Pin Input
Impedance Rre2, Rrss | - ) 64 i kQ
Power MOSFETs
High-side PMOS Switch _ _
On-Resistance - lPHASE2,3 = 100mA, VIN2/3 = 3.8V - 372 - mQ
Low-side NMOS Switch _ _
On-Resistance - IpHasE2,3 = 100mA, VIN2/3 = 3.8V - 161 - mQ
PHASEZ, PHASE3 i i ) % i %
Maximum Duty
PHASE2, PHASE3 Minimum Current Sense Blanking Time = 57ns
) - . - - 100 ns
On-Time (typical)
1. Undervoltage and Overvoltage factory programmed selections for VOUT1, VOUT2, VOUT3, and LDO4 are independent.
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3.5.3 LDO4 Electrical Specifications
T,=-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C and VIN1 = 12V.

Parameter ‘ Symbol ‘ Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Input Supply
Input Voltage Range ‘ Ving ‘ Connected to VOUT, VIN2/3 ‘ 2.6 ‘ ] ‘ 5.5 ‘ v

Output Regulation

VIN2/3 = 3.8V, VLDOOUT4 =3.3V 3.251 3.300 3.350

Output Voltage ViboouTs (Factory options) [-1.5%] | (2.7V-3.4V) | [+1.5%] v
Viboouts = 3.3V,

Dropout Voltage - lL.boouTs = 300mA, 2% drop at - 112 240 mV

ViboouT4

At 1kHz, Tp = 25°C, VIN2/3 = 3.8V,

Power Supply Rejection Ratiol'] - Typical Application Schematic on - 55 - dB

page 3, Vipoours = 3.3V,
ILpoouTs = 300mA

LDOOUT4 Soft-Start Ramp Time - Vouts = 3.3V, from 0% to 95% - 1.55 - ms

Output Voltage Protection

\Y i -
LooouT4 falling i 8 ) %

(Factory options) (-4, -6, -12)

Undervoltage Threshold!2! Viposauy) V'—_DOOUT4 Undervoltage tolerance
With respect to Programmed UV -1.5% - +1.5%
target
Vi poouT4 rising Hysteresis +0.4% +0.8 +1.2% %
Vv .y

LDOOUT4 fising i +8 i %

(Factory options) (+4, +6, +12)

Overvoltage Threshold(?] Vibo4(ov) Vipoour4 Overvoltage tolerance
With respect to Programmed OV -1.5% - +1.5%
target
VipoourTs4 falling Hysteresis -0.4% -0.8% -1.2% %

2

Undervoltage Fault Delay - ViboouTs <.VLDO4(UV) - - us
(Factory options) (10, 25, 45)

Output Current Protection

Overcurrent Limit bow | - ‘ 322 ‘ 422 ‘ 526 ‘ mA

1. Limits are assured by design.
2. Undervoltage and Overvoltage factory programmed selections for FB1, FB2, FB3, and LDO4 are independent.
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3.5.4 Digital I/0 Specifications
T, =-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C and VIN1 = 12V.
Parameter Symbol Test Conditions Min Typ Max Unit
RSTB Output High rpgon) - BYP = 4.0V RSTB source current 2mA - 60 - mQ
RSTB Output Low rpg(on) - BYP = 4.6V RSTB sink current 2mA - 97 - mQ
GPIO Input High Threshold VIHGPI0) BYP = 4.3V, GPIO configured as input 2.24 - -
GPIO Input Low Threshold VILGpio) BYP = 4.3V, GPIO configured as input - - 1.60
GPIO Output Open-Drain Leakage | GPIO configured as output, GPIO pull- ) ) 1 A
Current (GPIOLK) up voltage 3.8V. H
GPIO configured as output,
GPIO Output Low Voltage VOLgpioy | BYP=4.0V - - 0.4 \
GPIO pin sink current = 5mA
3.5.5 I2C Interface Specifications
T, =-40°C to +150°C, VIN1 = 4V to 42V, unless otherwise noted. Typical values are at T; = +50 °C and VIN1 = 12V.
Parameter Symbol Test Conditions Min Typ Max Unit
SCL, SDA Input High Threshold - - 1.14 - - \Y
SCL, SDA Input Low Threshold - - - - 0.8 \%
SCL, SDA Input Hysteresis - - - 134 - mV
SCL Clock Frequencyl'] - - - - 400 kHz
SCL Falling Edge to SDA Valid
Time i i ) ! i HS
s sonoupaomoen ooy o m
SCL, SDA Pin Capacitance - - - 5 - pF
SDA Output Low Voltagel'l VOLgpa) | SDAsink current = 3mA - - 0.5 \Y
1. Limits are assured by design.
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4. Typical Performance Curves
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4.2 Load Regulation
4.00 ‘ ‘ 1.89 I I I
3.95 VIN1=9V | | 1.87 VOUT1=33V | |
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3.60 1.71
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Figure 9. Voyrt1 = 3.8V, Load Regulation Figure 10. VoyT2 = 1.8V, Load Regulation
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Figure 11. VgyT3 = 1.2V, Load Regulation Figure 12. LDO4 = 3.3V, Load Regulation
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Figure 13. Voyt1 = 3.8V, Line Regulation Figure 14. Frequency vs Temperature
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4.3

Line Regulation, Switching Waveforms
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44 Load and Line Transient Response
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Figure 21. Startup using EN toggle, V| = 12V
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Figure 22. Startup using V|y Ramp, EN Connected to VIN
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5. Functional Descriptions

5.1 I2C Programming Options

The RAA271082 multi-rail regulator has numerous options which are factory-set through one-time-programming

(OTP). Additionally, the device contains an I2C interface that allows the user to select other options, enabling the
device to be tested in different configurations. Most of the OTP options cannot be changed unless the device is

first placed in Standby mode, in which the required options can be selected using 12C commands, and then re-
enable the outputs. The following are the options that can be changed using the 12C interface.

An OTP creation tool is available to aid in the selection of programming options.

511 Voltage Options

= Output voltage options for Buck1, Buck2, Buck3, LDO4. All options are independently selectable.

5.1.2

Sequence and Switching Options

= Output Sequencing, Startup delay, and Shutdown delay. All options are independently selectable.

= Direct startup and shutdown control of each output (disable the internal output sequencing).

= Enable/disable output discharge for Buck2, Buck3, LDO4. All options are independently selectable.

= Spread Spectrum (Off or seven options for spread spectrum).
= Phase shift between Buck1 and Buck3 (0° or 180°).

5.1.3

Fault Detection Options

All Fault Detection options can be disabled except for over-temperature. Disabling detection masks the fault from
affecting the RSTB or GPIO pins but does not disable the response to the fault. Some fault responses can be
changed or disabled, as listed in Table 1.

Table 1. Fault Detection Options

Fault

Options

Register(s)

Output Overvoltage Threshold

All OV thresholds are independently
selectable.

+4%, +6%, +8% (default), +12%

0x72 (Buck1) 0x74 (Buck?2)
0x76 (Buck3) 0x78 (LDO4)
Bits 1:0, all registers

Output Undervoltage Threshold

All UV thresholds are independently
selectable.

-4%, -6%, -8% (default), -12%

0x72 (Buck1) 0x74 (Buck2)
0x76 (Buck3) 0x78 (LDO4)
Bits 5:4, all registers

Buck1 Severe OV, Buck1 Severe UV

H 0, _209°,
Threshold Fixed +20% (OV) and -20% (UV). N/A
. 0 (default), 10, 25, 45 ps —

UV detection delay (all are added to fixed 2 ps delay) 0x7B Bits 5:4
Negative Overcurrent, Buck1 -0.8A (default), -1.0A 0x7C Bit 2
Buck1 Overcurrent 1.2A, 1.5A (default), 1.75A 0x7C Bits 1:0
Buck2 Overcurrent 0.96A, 1.20A (default), 1.56A 0x7D Bits 5:4
Buck3 Overcurrent 0.96A, 1.20A (default), 1.56A 0x7C Bits 7:6
VIN1 Undervoltage Rising edge 4.5V (default), 5.0V, 6.5V, 0x70

7.0V
Over-Temperature Fault detect!on and shutdown response N/A

cannot be disabled.
Sequence Fault Fault detection and shutdown response N/A

cannot be disabled.
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Table 1. Fault Detection Options (Cont.)

Fault Options Register(s)

Watchdog Timer Fault Too-slow, Restart (2x too-slow), too-fast 0xAO0 through 0xA4

Fault detection and shutdown response

Built-In Self Test (BIST) Faults cannot be disabled. N/A

CRC recheck Fault detect!on and shutdown response N/A
cannot be disabled.
2 . . .

12C CRC check 12C transactions with or without CRC 0x7C Bit 4

checking

Note: Fault detection for an output is locked if the detected fault causes the output to shut down. For example, it is
possible to program VOUT1 to shut down on normal overcurrent (OC1). If a slight overload is applied to VOUT1,
such that VOUT1 detects the OC1 condition but VOUT1 remains above the Undervoltage threshold, the output
shuts down and VOUT1 falls to zero. The device reflects an OC1 fault through register 0x80 Bit 2. The device
does not report an Undervoltage or Severe Undervoltage error, because fault detection stops as soon as the
output shuts down. Fault detections are all re-enabled when the output attempts the next start-up cycle.

5.1.4 Fault Response Options

= Shutdown enable/disable for faults: UV, OV, Negative OC, Buck1 Severe UV/OV, Watchdog Timer
» Shutdown responses for Buck1 faults are controlled using Register 0x85
» Shutdown responses for Buck2 and Buck3 faults are controlled using Register 0x86.
» Shutdown response for LDO4 faults are controlled using Register Ox87.

= Fault response (restart, latch-off, fixed count restart with latch-off)

= 200ms or 20ms RSTB pulse width on faults for the Windowed Watchdog Timer and the output Sequence
controller.

= 30ms delay on RSTB assertion for OV or UV faults. (Note: If a shutdown fault response is also enabled for
the same OV or UV fault, the RSTB pin drives low immediately on the fault. This is because the fault response
acts immediately and RSTB drives low because one or more outputs are being shut down.)

= RSTB pin options: Can be configured as an indicator for one or more faults. Refer to Register 0x8D.

= GPIO pin options: Can be configured as indicator for one or more faults, or as a kick input for Watchdog timer.
Refer to Registers 0x8A, 0x8B, 0x8C, and 0xA4

= Latch-off disable: Clears a latch-off event and allows the regulators to restart. Refer to Register 0x84.

5.1.5 Status Indicators
= Fault status on outputs: Overvoltage, Undervoltage, Overcurrent, Negative Overcurrent

= Fault status on device: Over-temperature, Sequence controller, Built-In Self Test, CRC recheck, DAC
Reference comparison

« Fault status on external devices: Watchdog Timer, I2C CRC check
= Restart lockout: Notifies if the device is in the 200ms timeout, which delays the output restart.
= Buck1/2/3 and LDO4 regulator status: Disabled (off), in soft-start, in hiccup or latch-off, enabled (on)

5.2 Programmable Output Voltages

The RAA271082 is comprised of a primary high voltage buck converter (Buck1), two secondary low voltage buck
converters (Buck2 and Buck3), and one low dropout linear regulator (LDO4).

All voltage options for Buck1, Buck2, Buck3, and LDO4 are programmed at the factory. The 12C interface allows
users to change the output voltage settings for any of these outputs. This is done by placing the device into
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Standby mode using the Enable (EN) pin, making the required register changes, then fully enabling the device
through the EN pin. This feature allows users to test different configurations.

In typical camera power applications, the primary buck typically takes its input (VIN1) from a filtered 12V car
battery, and produces an intermediate voltage typically between 2.8V and 5V. The output voltage of Buck1 is
selectable when the part is ordered, and is programmed at the factory. See Table 2 for the list of possible Buck1
output voltages.

The secondary bucks share a common input pin (VIN2/3) that is supplied by Buck1. They produce low voltage
supply rails, for example 1.8V and 1.2V. The output voltages of Buck2 and Buck3 are independently selectable
and are programmed at the factory. See Table 2 for the list of Buck2 and Buck3 output voltages.

Note: For VOUT1 voltages below 3.2V, Renesas recommends selecting Buck2 and Buck3 voltages with a value

of less than 40% of VOUT1.

The linear regulator LDO4 uses the Buck1 output as an input through the LDOIN4 pin. The output voltage of

LDO4 is selectable and is programmed at the factory. See Table 2 for the list of LDO4 output voltages.

Note: The voltage level for each output is independently selectable. VOUT2, VOUT3, and LDO4 are derived from
VOUT1, and therefore VOUT1 must be set to a higher voltage, with some margin for duty cycle and IxR losses.

Output voltage settings can be changed by the user using the 12C interface. This is done by placing the device in
Standby mode using the Enable (EN) pin, making the required register changes, and then re-enabling the device,

see Option Programming for the procedure.

Note: VOUT1 can be set to a value higher than the VIN Undervoltage Lockout (default 4.5V), which can result in
repeated unsuccessful startup attempts until VIN1 is high enough to sustain VOUT1. In this case, Renesas
recommends selecting a higher VIN UVLO threshold such as 6.5V or 7V, to ensure successful startup of VOUT1.
See VIN Undervoltage Lockout. Also, the falling edge of VIN UVLO is a fixed 3.5V. As VIN1 drops, if VOUT1 falls
to the Severe UV threshold, all outputs shut down and the RSTB indicator drives low, even if VIN1 is still above
the lower VIN UVLO threshold.

Table 2. Output Voltage Options

Register 0x71 Register 0x73 Register 0x75 Register 0x77
Option Buck1 Option Buck2 Option Buck3 Option LDO4
Code (hex) Output (V) Code (hex) | Output (V) Code (hex) Output (V) Code (hex) | Output (V)
00 3.60 00 1.80 00 1.20 00 3.30
01 2.80 01 0.85 01 0.85 01 2.70
02 2.85 02 0.90 02 0.90 02 275
03 2.90 03 0.95 03 0.95 03 2.80
04 2.95 04 1.00 04 1.00 04 2.85
05 3.00 05 1.05 05 1.05 05 2.90
06 3.05 06 1.10 06 1.10 06 2.95
07 3.10 07 1.15 07 1.15 07 3.00
08 3.15 08 1.20 08 1.20 08 3.10
09 3.20 09 1.25 09 1.25 09 3.20
0A 3.25 0A 1.30 0A 1.30 0A 3.25
0B 3.30 0B 1.35 0B 1.35 0B 3.30
ocC 3.35 0C 1.40 ocC 1.40 ocC 3.35
0D 3.40 0D 1.45 0D 1.45 0D 3.40
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Table 2. Output Voltage Options (Cont.)

Register 0x71 Register 0x73 Register 0x75 Register 0x77
Option Buck1 Option Buck2 Option Buck3 Option LDO4
Code (hex) Output (V) Code (hex) | Output (V) Code (hex) Output (V) Code (hex) | Output (V)
OE 3.50 OE 1.50 OE 1.50
OF 3.60 OF 1.55 OF 1.55
10 3.70 10 1.60 10 1.60
11 3.80 11 1.65 1 1.65
12 5.00 12 1.70 12 1.70
13 5.05 13 1.75 13 1.75
14 1.80 14 1.80
15 1.85 15 1.85
16 1.90 16 1.90
17 1.95 17 1.95
18 2.00 18 2.00
19 2.05 19 2.05
1A 2.10 1A 2.10
1B 2.20 1B 2.20
1C 2.30 1C 2.30
1D 2.40 1D 2.40
1E 2.45 1E 2.45
1F 2.50 1F 2.50
20 2.55 20 2.55
21 2.80 21 2.80
22 3.30 22 3.30

5.3 Undervoltage and Overvoltage Protection Thresholds

The RAA271082 offers factory-programmable undervoltage (UV) and overvoltage (OV) threshold levels for
Bucks1, 2, 3, and LDO4. Buck2 and Buck3 output voltages are sensed at the FB2 and FB3 pins respectively,
while LDO4 is sensed at the LDOOUTA4 pin. Buck1 UV and OV sensing uses the LDOIN4 input pin; Buck1 output
regulation uses the FB1 input pin. This separation on Buck1 provides protection against cases where the
feedback path is interrupted because of events such as an opened solder joint. See Tables 2A and 2B for UV and
OV threshold options. Note: UV and OV thresholds for each output may be chosen independently.

An undervoltage fault is detected when a Buck or LDO4 output voltage falls below the preset threshold. The delay
time for detection and response to undervoltage is typically 2us, with options of additional delay of 10us, 25us,
and 45us. The same delay applies to all outputs. See Table 3 for the UV delay filter options. Note: Undervoltage
detection is disabled until the soft-start cycle is complete and the RSTB pin drives high.

An overvoltage fault is detected when a Buck or LDO4 output voltage exceeds the preset threshold. The delay
time for detection and response to overvoltage is typically 2ps.

For both undervoltage and overvoltage faults, there is an optional persistence filter of 30ms, see register 0x7C Bit
5. This filter delays RSTB response for 30ms from the onset of fault. When enabled, this 30ms delay applies to all
outputs and to both undervoltage and overvoltage faults. However, if the fault also causes an output shutdown,
RSTB drives low immediately and ignores the 30ms delay.
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For the Bucks, detection of an overvoltage immediately tri-states the corresponding output switches.

UV and OV faults on Bucks 1, 2, and 3, and LDO4 set the corresponding fault register bits, see registers 0x80,

0x81, 0x82.

If a UV or OF fault occurs on one output, that output shuts down along with all other outputs that follow it in the
Output Sequence startup, see Output Sequencing at Startup and Shutdown. For protection on Buck1, there is also
Severe UV and Severe OV detection, fixed at -20% and +20%, either of which typically cause immediate
shutdown of Buck1 and the other outputs.

Table 3. Undervoltage Options for Bucks 1, 2, and 3, and LDO4

Option Buck1 UV Threshold Buck2 UV Threshold Buck3 UV Threshold LDO4 UV Threshold
Code (hex) Register 0x72, Bits 0-3 | Register 0x74, Bits 0-3 | Register 0x76, Bits 0-3 | Register 0x78, Bits 0-3
0 -4% -4% -4% -4%
1 -6% -6% -6% -6%
2 -8% -8% -8% -8%
3 -12% -12% -12% -12%
Table 4. Overvoltage Options for Bucks 1, 2, and 3, and LDO4
Option Buck1 OV Threshold Buck2 OV Threshold Buck3 OV Threshold LDO4 OV Threshold
Code (hex) Register 0x72, Bits 4-7 | Register 0x74, Bits 4-7 | Register 0x76, Bits 4-7 | Register 0x78, Bits 4-7
0 +4% +4% +4% +4%
1 +6% +6% +6% +6%
2 +8% +8% +8% +8%
3 +12% +12% +12% +12%

5.4

Table 5. Undervoltage Filter Delay Options (All Outputs)

Option Code (hex)

UV Filter Delay (ps)
Register 0x7B, Bits 4-5[1]

0 0

1 +10
2 +25
3 +45

1. There is a fixed ~2us delay in addition to the selected delay.

Protection Features

For enhanced protection the RAA271082 provides one reference for the output regulation of Bucks 1, 2, 3, and
LDO4, and a separate reference for UV/OV fault detection. For Buck1, output UV/QOV is sensed at the LDOIN4
input, whereas output regulation is sensed at the FB1. This separation prevents a single-point failure in the Buck1
feedback path from causing a severe overvoltage at the output of Buck1. Note: FB1, LDOIN4, and the output of
Buck1 must all be tied together on the PCB.

The RAA271082 also provides continuous CRC checking of internal registers and can optionally apply CRC
checking to 12C communications.
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5.5 Built-In Self Test (BIST) and CRC Recheck

The RAA271082 contains Built-in Self Test features for increased reliability. On power-up, the UV and OV
comparators for VOUT1-4 are all BIST tested to detect stuck-low or stuck-high status. Any fault sets the bist_fail
bit high (register 0x82, Bit 3) and all outputs are prevented from starting up.

Additionally, the device contains two separate voltage references to prevent single-point reference failures from
causing severe overvoltage. The first reference (DAC1) is the reference for output regulation. The second
reference (DAC2) is used by the OV and UV comparators. The device continually compares these two references.
If these references drift apart more than 10%, a fault bit is set (0x83 Bit 6 or Bit 7) and the outputs latch off. If the
references drift back to normal alignment, the fault bit remains set high until the bit is cleared using 12C and the
outputs remain off until the EN pin or the VIN supply is cycled.

To validate register data at power-up, the device performs a CRC recheck on all registers that are factory-
programmable (that is registers containing fused bits). If the CRC recheck succeeds, initialization continues, and
when complete, the outputs power up. This CRC recheck is repeated every 5ms thereafter. If register data gets
corrupted, the fault is detected within 5ms; the crc_recheck_fault bit is set high (register 0x83 Bit 4) and all outputs
shut down. The device continues to perform a CRC recheck every 5ms. The outputs remain off indefinitely while
the CRC recheck fault exists. If the CRC recheck fault is removed, the device goes through a 200ms fault time-
out, and then the outputs power up normally.

5.6 VIN Undervoltage Lockout

The VIN1 Undervoltage Lockout has four options for the rising edge threshold, see Table 6. The falling threshold
for all options is fixed at 3.5V. Note: VIN1 must exceed the rising UVLO Threshold before the IC can power up.
The default setting is code 0, which is 4.5V. Note: Although the device is capable of operating with VIN1 as low as
4V, the device cannot startup until VIN1 reaches 4.5V.

Table 6. VIN1 UVLO Options

Option Code (hex) . .
. VIN1 UVLO Rising Threshold (V) VIN1 UVLO Falling Threshold (V)
Register 0x70
0 45
1 5.0
35
2 6.5
3 7.0

5.7 Output Sequencing at Startup and Shutdown

The RAA271082 provides staggered startup and shutdown sequencing for the outputs. Startup and shutdown are
initiated using the EN and EN_LV pins. If EN is driven high while EN_LV is held low, only Buck1 starts. If EN_LV is
driven high after Buck1 has started, the low voltage outputs (Buck2, Buck3, LDO4) start up using the sequence
and startup delay options described below.

Options for the startup delay and shutdown delay are shown in Table 7. At startup, the outputs are started in
sequence, with the same startup delay between the different outputs. Note: The delay only controls the starting
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time of for each output, not the actual rise time of each output, which depends on the voltage setting and the
internal soft-start ramp.

Table 7. Startup and Shutdown Delay Options

Option Code (hex) s Delav Tvpical Option Code (hex) Shutd Delav Tvpical
Register 0x79 tartup Delay Typica Register 0x79 utdown Delay Typica
[ms] [ms]
Bits 0:2 Bits 3:5
0 0 0 0
1 0.5 1 0.5
2 1 2 1
3 2 3 2
4 4 4 4
5 8 5 8
6 16 6 16
7 32 7 32

The shutdown delay time is also factory programmable and is independent of the startup delay time. Similar to the
startup delay, all shutdown delays between outputs are identical. Note: The shutdown delay only controls the
output disable timing, not the actual fall time of each output, which varies based on output capacitance and load.
Outputs Buck2, Buck3, and LDO4 have internal pull-downs to actively discharge the output during shutdown.

Each pull-down can be disabled or disabled through I2C control factory programming using the MISC1_OPT
register, Bits 1-3. The pull-downs are active for 200ms after the outputs are disabled, after which the pull-downs
are disabled. Note: If V| falls below 3.5V during the pull-down interval, the device shuts down from VIN UVLO

and the pull-downs do not complete the 200ms time-out.

The following are the two options for startup sequencing. Table 8 shows the register options for the startup
sequence.

= Buck1 — Buck2 — Buck3— LDO4
= Buck1 — LDO4 — Buck2 — Buck3

The shutdown sequence follows the reverse order of the startup sequence. Note: Buck1 always powers up before
the low-voltage outputs, and always powers down after the low-voltage outputs.

Table 8. Startup and Shutdown Sequence Options

Option Code (hex) Startup Sequence Shutdown Sequence
Register 0x79 Bit 7 (EN high, EN_LV high) (EN low)
0 Buck1 -> Buck2 -> Buck3 -> LDO4 LDO4 -> Buck3 -> Buck2 -> Buck1
1 Buck1 -> LDO4 -> Buck?2 -> Buck3 Buck3 -> Buck2 -> LDO4 -> Buck1

If the EN_LV falls while EN remains high, the low voltage outputs are shutdown in sequence while Buck1 remains
enabled. If EN is driven low, the low voltage outputs are shutdown in sequence and then Buck1 shuts down.

If EN or EN_LYV fall in the middle of a startup sequence, the startup is halted and shutdown sequencing begins
from the current state. The startup sequence does not need to complete before the shutdown sequence proceeds
when the EN or EN_LV signal falls. Note: Both EN and EN_LV have a 300ps delay before reacting to a falling
edge.

When a shutdown sequence is started and completed, the outputs remain off for 200ms and the input that initiated
the shutdown (EN and/or EN_LV input) is also ignored for 200ms. After the 200ms delay is completed the outputs
can be restarted.
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Figure 25 shows the startup and shutdown sequence timing (Option Code 0 for Sequencing).

Sequence: Option Code 0

VIN1 /

~——
~r

EN

BYP

7

Initialization

\_,—\
—
A

300ps

200ms

A

J—
~r

((
/ )]
EN_LV ((
tied to BYP
( : Q\VINZ/S Undervoltage )
Threshold
Buck1
((
)]
Buck2
((
Buck3 /_ ))
((
/ ))
LDO4
Figure 25. Sequence Timing Diagram
5.8 Output Soft-Start Ramp

Each output features a soft-start ramp during power-up. This ramp is factory-programmable but cannot be altered

by the 12C. VOUT1 and LDO4 have three independent soft-start options. Table 9 shows the soft-start ramp options
for VOUT1 and LDO4.

VOUT2 and VOUT3 have three soft-start options but they share the same ramp option. Note: VOUT2 and VOUT3
have different ramp rates for VOUT2,3 < 1.95V and VOUT2,3 > 2.0V. Table 10 shows the soft-start ramp options

for VOUT2 and VOUTS3.
Table 9. VOUT1 and LDO4 Soft-Start Ramp Options
VOUT1 = 3.8V LDO4 = 3.3V
Option . VOUT1 Soft-Start Soft-Start LDO4 Soft-Start Soft-Start
Step Duration (ps) i
Code Ramp Rate (V/ms) | Ramp Time (ms) | Ramp Rate (V/ms) | Ramp Time (ms)
(from 0% to 95%) (from 0% to 95%)
0 20 3.01 1.20 2.02 1.55
1 40 1.47 2.45 1.08 2.90
2 100 0.58 6.19 0.43 7.25
3 10 1.50 0.60 0.22 3.62
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Table 10. VOUT2 and VOUT3 Soft-Start Ramp Options

VOUT2, VOUT3 < 1.95V VOUT2, VOUT3 > 1.95V
Option Step Duration (us) VOUT2, VOUT3 = VOUT2, VOUT3 =
Code VOUT2 Soft-Start | 1.8V Soft-Start | VOUT2 Soft-Start | 2.0V Soft-Start

Ramp Rate (V/ms) | Ramp Time (ms) | Ramp Rate (V/ims) | Ramp Time (ms)

(from 0% to 95%) (from 0% to 95%)
0 20 1.43 1.2 2.71 2.71
1 40 0.72 2.36 1.37 1.37
2 100 0.29 5.91 0.72 0.72

The soft-start ramp times shown in Table 9 and Table 10 are for specific voltages as shown. If the required output
voltage is a different value from the shown value, the ramp time scales linearly with the voltage. For VOUTZ, the
ramp rates are different depending on whether the output voltage is 2.0V or greater.

For outputs Buck2 and Buck3, during start-up two separate ramps are used to control the output voltage and the
overcurrent limit, as described below:

Output voltage ramp — An internal REF voltage is ramped from 0V to 1.8V in 128 steps. The step duration is
determined by the OTP programming, which has three options:

» 20us (default), 40us, or 100us per step.

The output voltage is reduced using an internal resistor divider and then compared to the rising REF ramp. The
resistor divider ratio is determined by the output voltage selection:

» Buck2, Buck3 voltage less than 2V: Resistor divider is 72

» Buck2, Buck3 voltage equal or greater than 2V: Resistor divider is ¥4

Overcurrent limit ramp — During soft-start, the Buck2/Buck3 Overcurrent limit starts at approximately 25% of the
full OC current limit and increases in 16 discrete steps up to the 100% OC limit.

Each discrete step of the OC limit has a duration that is 8 times the voltage step duration, such as 8x20us,
8x40us, or 8x100us. Note: The first OC step has a duration that is one-half of the duration of the remaining
steps. For example, if the voltage step is selected as 20us, then the first OC step is 80us, but the remaining OC
steps are 8x20us = 160ps.

The startup behavior of both the voltage ramp and Overcurrent limit ramp is shown in Figure 26.
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VOUT2 reaches regulation

T, VOUT2 (3.3V)

REF (1.8V)
Start of —

switching

Overcurrent limit
at 100% (1.2A)

ov REF ramp

20us per step 1.2A

14.06mV per step_'_'_'_'_,_,—'_

160us duration per OC step (8 x 20ys)
0A

— 56mA per step

1% step duration = 80us (4 x 20ps)

Overcurrent limit initially at ~25% (0.3A typ)

Figure 26. Soft-Start Ramp of Buck2 Output Voltage and Overcurrent Limit

Note: The Overcurrent limit can reach the 100% (1.2A typical) threshold after the output voltage has reached
regulation. If the output has a significant load at start-up, this can cause an OC fault with possible shutdown of the
Buck2 or Buck3 output, resulting in either hiccup/restart attempts or output latch-off. To prevent unwanted hiccup
or output shutdown, Renesas recommends holding loads for Buck2 and Buck3 off or holding in a low-power state
until the soft-start cycle has completed. The RSTb signal provides a possible means to hold the loads in a low-
power or off state since the RSTB signal remains low until the soft-start cycle is complete.

5.9 Output Pull-Downs

Buck2, Buck3, and LDO4 have pull-downs using pins FB2, FB3, and LDO4 to discharge their output capacitors
when the output is shut off. These pull-downs can be disabled using register 0x7B, Bits 3:0. When an output is
turned off, the pull-down is active for 200ms and then the pull-down is released.

Note: If V| falls below the V| UVLO falling edge threshold before 200ms has elapsed, the device shuts down and
the pull-downs are disabled immediately before the 200ms time-out has completed.

5.10 I2C Programmability

Device parameters are programmable using the 12C interface. These options are provided to allow the user
flexibility during system testing and integration. Note: When changing settings, the Electrical Specifications are
maintained only for the original factory-programmed options.

To prevent parameter changes from adversely affecting normal operation, some I2C options can be programmed
only while the device is in Standby. The following options are locked out during normal operation and cannot be
changed when the device has begun switching: Output Voltage setting, UV and OV thresholds, Startup and
Shutdown Delay and Sequencing, Spread Spectrum, Fault Response options, and Buck3 phase selection. See
Registers 0x70 through 0x7B in the Register Map and Register Descriptions. To select these options, first set the
EN pin to the Standby state, make the required selections, and then raise EN to the Buck1 ON state.

Registers with an address of 0x80 or higher are accessible and controllable during switching operation.
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5.11 12C and GPIO Bus Connection

Because of their silicon structure, the 12C pins (SCL, SDA) and the GPIO pin have intrinsic diode connections to
the BYP supply. If the device is not powered (VIN1 not present or EN tied to GND), the BYP regulator is off and
the BYP voltage is zero. The diodes on the pins tend to pull the SCL, SDA, and GPIO signals low, affecting any
other devices on the bus. To prevent this, one solution is to derive the pull-up voltage from one of the RAA271082
outputs, ensuring that the BYP voltage is always present before the bus pull-up voltage is used.

5.12 CRC Fault Detection on Registers and I12C Transactions

The RAA271082 continuously verifies register contents through CRC (Cyclic Redundancy Check) fault detection,
at 5ms intervals. CRC fault detection cannot be disabled. For CRC fault detection the device performs the
following steps:

1. Read all registers and calculate a 9-bit CRC_result.
2. Compare the CRC_result value to the trim_CRC value stored in registers 0x7E and 0x7F.
a. The trim_CRC value is programmed at the factory but can be overwritten.
Write the 9-bit CRC_result value to registers 0xB6 (Bit 7) and 0xB7.
If the CRC_result and trim_CRC values are not identical, a CRC fault is detected which causes:
a. Immediate shut down of all outputs.
RSTB asserts low indicating a fault condition.
The CRC fault status bit is flagged (register 0x83, Bit 4)
All outputs are latched off, regardless of whether a hiccup/restart option has been selected.

® o o0 T

The device remains off until a full power-on reset occurs by either cycling the EN pin or decreasing the VIN1
supply until the BYP voltage falls below the Power-On Reset Threshold.

The RAA271082 has the option to perform CRC fault detection on 12C communications. To enable [2C CRC fault
detection, set Bit 4 of register 0x7C to 1. When enabled, the device performs CRC fault detection on every 12C
transaction. A detected 12C CRC fault does not affect IC operation but flags the 12C CRC fault status bit (register
0x83, Bit 5). The 12C CRC fault indication can also be routed to the GPIO pin by setting Bit 7 of register 0x83 to 1.

Note: If one of the factory-programmed options is changed, the change in register contents causes a CRC fault
within 5ms, resulting in all outputs shutting down. The outputs remain off until one of the following occurs: the CRC
fault is corrected, the EN pin is cycled low then high, or the VIN supply is removed and restored. Note: If the CRC
fault is corrected, there is a 200ms delay before the outputs power on.

5.13 Option Programming

All RAA271082 options are selected by changing register contents, which causes a CRC fault for factory-
programmed devices. The following steps prevent a CRC fault and allow options to be selected as required.

Note: If the device is shut down and restarted using the EN input, the device begins a new power-up cycle and

reverts to the original factory settings for all options and registers. All previous changes made through the 12C
interface are removed. The same occurs if the device shuts down and restarts because of VIN1 undervoltage,
power-on reset (BYP undervoltage), or over-temperature.

1. Set the device in Standby mode (EN = 1.2V)
a. All outputs are turned off but I12C transactions are enabled.
Select required options by writing values into the designated registers.
Write 0 to trim_CRC registers 0x7D (Bit 7 only) and register Ox7E.
Wait 10ms. The device calculates a new CRC_result based on current register contents and:
a. Compares the CRC_result value to the trim_CRC values which are set to zero.
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b. Detects a CRC fault (CRC_result does not match trim_CRC).
Sets the CRC_fault bit high in register 0x83, Bit 4.
Writes the CRC_result value to the CRC_result registers 0xB6 (Bit 7 only) and 0xB7.
i. The CRC_result registers now contain the value needed to prevent a CRC fault.

e. Read the new CRC_result from registers 0xB6 (Bit 7 only) and 0xB7.

f.  Write the CRC_result value into trim_CRC registers 0x7D (Bit 7 only) and register Ox7E.
g. Clear the CRC fault flag by writing O to register 0x83, Bit 4.

h. Wait 10ms. The device calculates a new CRC_result based on current register contents.

i. Verify that a CRC fault has not been detected, the CRC_fault flag bit (register 0x83 Bit 4) should remain 0.
i. Ifthe CRC_fault flag is non-zero, return to step 3 and repeat until the CRC_fault flag reads 0.
j-  Re-enable the outputs (EN = 1.84V). The device starts up with the selected options.

5.14 EN Input

EN is a high-voltage input that can tolerate voltages up to 42V DC. The EN input can be in one of 3 states as
shown.

= Shutdown state: EN is logic low (EN at ground). The device is fully shut down and current draws from VIN1 is
typically 1pA.

= Standby state: When EN is set to 1.2V (typical) the device enters the Standby state. If this is an initial power
up, the BYP regulator ramps to provide bias for the device. When the BYP pin exceeds the Power-On Reset
threshold (3.6V), the device performs initialization and Built-in Self Test (BIST). After BIST is successfully
completed, if the EN pin remains at 1.2V, the device remains in Standby and all switching is disabled. In the
Standby state it is possible to change the various options for output voltage, UV and OV thresholds, and other
parameters. On initial power-up, the time required to complete initialization and BIST is approximately 1ms.

= Buck1 On state: When EN exceeds 1.8V (typical) and the BYP voltage is above the Power-On Reset
threshold, the device begins the Startup cycle for Buck1. If the EN_LV input is logic low, Buck1 powers up and
remains on while the low-voltage outputs (Buck2/3, LDO4) are off. If EN_LV is logic high and VIN2/3 is above
the VIN2/3 Undervoltage Threshold (2.42V typical), the device begins startup for Buck2/3 and LDO4, using the
startup sequence and delay options selected as in Table 7 and Table 8.

Note: It is not required to use the Standby state during operation. If the EN input is switched from ground
(Shutdown) to the Buck1 On state, the device initially goes through the same steps as in the Standby State. When
initialization and BIST are completed, typically 1ms, the device powers up the outputs according to the EN and
EN_LV inputs.

Falling edges on EN are filtered to prevent spurious shutdowns. When the EN input moves from a higher
threshold to a lower threshold, the EN signal must remain at the lower threshold for 300us before the device
responds. Falling edges on EN are handled differently depending on the threshold (state) and the state of the
EN_LV pin.

= EN falling edge, from Buck1 ON state to Standby state: After the EN pin falls to the Standby state threshold
for 300us, the device shuts down Buck1/2/3/LDO4, using the shutdown sequence and delay options selected. If
the low-voltage outputs (Buck2/3/LDO4) are already off because of EN_LV at logic low, the Buck1 regulator
shuts down after the shutdown delay has elapsed. In both cases, when Buck1 has shut down, the EN input is
ignored for 200ms and all outputs remain off.

= EN falling edge, from Buck1 ON state to Shutdown state: After the EN pin falls to the Shutdown threshold
for 300us, the device shuts down all outputs in the same sequence as described in the previous case (Buck1
ON state to Standby state). After Buck1 has shut down, if V| remains above the V| UVLO threshold (3.5V
typical), the BYP regulator remains on for 200ms and the EN input is ignored during this time. After 200ms, if
the EN pin remains low (Shutdown state), the BYP regulator and all internal circuits shut off, and the device
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goes into full shutdown with input (VIN1) current typically 1uA. If V| falls below the V|5 UVLO threshold before
the 200ms time-out is completed, the 200ms timer is stopped and BYP turns off immediately.

Note: Many of the 12C-programmable options cannot be changed when EN1 is above 1.8V (Buck1 ON); I2C
commands for these options must be performed while the device is in Standby with the BYP LDO enabled and all
outputs off.

5.15 EN_LV Input

EN_LV is a logic level input that controls the low-voltage outputs (Buck2/3/LDO4). When EN_LV is set to logic
high, the low-voltage outputs start up using the sequence and startup delay selected, if the EN input is in the
Buck1 ON state and the VIN2/3 input is above its Undervoltage Lock-out threshold of 2.42V. If the EN input is in
the Standby or Shutdown state, Buck1 is shut down and the low-voltage outputs do not start.

To prevent spurious shutdowns, falling edges on EN_LV must be low for 300us before the device responds. After
EN_LV is at logic low for 300us, the low-voltage outputs shut down using the sequence and shutdown delay is
selected. After the last output is shut off, the EN_LV pin is ignored for 200ms and the outputs remain off.

Table 11 summarizes the behavior associated with the EN and EN_LV pins.

Table 11. EN and EN_LV Control

EN State EN voltage EN_LV state BYP LDO Buck1 Buck2/3/LDO4

Shutdown VEN < 0.4V Logic high or low Off Off Off

Standby VEN = 1.5V Logic high or low On Off Off

Buck1 On VEN = 1.8V Logic low On On Off

Buck1 On VEN = 1.8V Logic high On On On
5.16 Buck1

The primary synchronous buck regulator, Buck1, has a minimum start up voltage of 4.5V. When started, the
operating input range is 4V to 42V, with a programmable output voltage range from 2.8V to 5.05V. Output voltage
is connected to the FB1 pin for voltage feedback sensing. Column 2 of Table 2 details the available output voltage
settings. Buck1 is an internally-compensated PWM current mode converter that always operates in forced
continuous current mode (FCCM). It shares a fixed 2.2MHz switching frequency with Buck2 and Buck3. The
regulator’s output voltage is sense at the FB1 pin, which incorporates an internal resistive voltage divider.

Reliability features for this converter include glitch-filtered undervoltage and overvoltage threshold (see
Undervoltage and Overvoltage Protection Thresholds), tri-stating switches on OV, cycle-by-cycle overcurrent
protection (two-levels), cycle-by-cycle negative current limiting, and Hiccup mode protection. UV and OV fault
sensing on Buck1 is done using the LDOIN4 input pin.

The Buck1 component selection and configuration bit settings are summarized in Table 12.

Table 12. CFG1 Buck1 Configurations

CFG1 Connection VOUT1 (V) Lout1 (pH) Cout1 Minimum (uF)

Float 2.8V to 5.05V 4.7 10pF

5.17 Buck2 and Buck3

The secondary buck regulators Buck2 and Buck3 have a factory-programmable output voltage range from 0.85V
to 3.3V. Table 2 lists the available output voltage settings. Both are internally-compensated PWM current mode
converters that operate in forced continuous current mode (FCCM). They share a fixed 2.2MHz switching
frequency with Buck1. Buck?2 is clocked in-phase with Buck1, while Buck3 can be programmed for either in-phase
or 180°out of phase with Buck1. The output voltages of Buck2 and Buck3 are sensed at the FB2 and FB3 pins
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respectively; both incorporate internal resistive voltage dividers. Protection features for both Buck2 and Buck3
include undervoltage and overvoltage thresholds (see Undervoltage and Overvoltage Protection Thresholds),

tri-stating switches on OV, cycle-by-cycle overcurrent protection, cycle-by-cycle negative current limiting, and

Hiccup mode protection.

5.18 LDO4

The LDOA4 linear regulator has a programmable output voltage range from 2.7V to 3.4V. Table 2 shows the
available output voltage settings. The LDO4 input (LDOIN4) must be connected to the Buck1 output. The LDOIN4
input also functions as the Undervoltage and Overvoltage sense point for Buck1. LDO4 can provide up to 300mA.
Reliability features for this linear regulator include undervoltage and overvoltage thresholds (see Undervoltage
and Overvoltage Protection Thresholds) and overcurrent limiting. LDO4 typically does not shut down during
overcurrent; if shutdown and attempt to restart (hiccup) is required, this can be factory-programmed or selected

using I2C using register 0x87, Bit 2.

5.19 Oscillator and Spread Spectrum

The three buck regulators share a fixed 2.2MHz oscillator. The phase shift between Buck1 and Buck?2 is zero
degrees. The phase shift between Buck1 and Buck3 can be programmed to either zero or 180 degrees.

The device has seven algorithm options for spread spectrum operation as shown in Table 13. The options are
selected using register Ox7A, Bits 2:0. When spread spectrum is enabled, the clock selects one of 32 different
frequencies, with a maximum variation of approximately £4% centered at 2.2MHz. The frequency selection can be
pseudo-random or can follow a specific modulation.

Table 13. Spread Spectrum Options

Option Code (hex)

Register 0x7A Bits 2:0

Frequency Modulation

Dwell Cycles

0 Off Off
1 9.13kHz 2-slope 3 or 6 cycle
2 pseudo-random pseudo-random 1 to 8 cycles
3 pseudo-random pseudo-random 4 to 32, 4-cycle increments
4 8.85kHz triangular 4
5 pseudo-random 4
6 pseudo-random 8
7 pseudo-random 24
5.20 RSTB

The RSTB output is an active-high/active-low fault indicator which can be activated by various faults. Under
normal operation, the RSTB output is high; a fault condition is indicated when the RSTB output is connected to

ground. Table 14 lists the fault conditions which can trigger a RSTB fault indication, along with the default (yes/no)
setting for each fault. Each fault can be factory-programmed or programmed using I2C to have the RSTB output
either assert or ignore a fault condition. Control of faults, which can trigger the RSTB output is in registers 0x7D
Bits 1:0, and register 0x8D. Note: Table 14 lists how the RSTb pin can be programmed to respond to various
faults, but does not list the shutdown response for these faults.
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Table 14. RSTB Fault Indications and Default Settings

Fault RSTb Response Note
Buck1 Over/Undervoltage Enabled cannot be disabled
Buck2 Over/Undervoltage Enabled
Buck3 Over/Undervoltage Enabled can be disabled using OTP
LDO4 Over/Undervoltage Enabled
Sequence Fault No can be enabled using 12C
Watchdog Timer Too slow no
Watchdog Timer Too fast no can be enabled using 12C
Watchdog Timer Restart no
CRC (internal registers) Yes cannot be disabled
Over-temperature Yes cannot be disabled

Note: If an Over-temperature fault or a CRC error-checking fault occurs, the RSTB pin is asserted low and the
outputs are immediately shut down. These faults cannot be disabled and their fault responses cannot be disabled.

When the RSTB output is high, the RSTB pin is connected internally to the BYP voltage, typically 4.3V. Circuits or
logic signals connected to RSTB must be capable of withstanding 4.3V. Alternatively, a resistor divider can be
placed on the RSTB output to reduce the voltage seen at the receiver end. Because RSTB is high during normal
operation, the resistor divider dissipates a small amount of power.

Note: The RAA271082 detects and responds to a fault even if RSTB notification for that fault is disabled.
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RSTB Block Diagram is shown in Figure 27.

opt_pg_rstb[1:0] decoding
00 = no pgood signal is ignored
01 =pgood 4 is ignored

10 = pgood 3 and 4 are ignored

- ; BIST of
11 = pgood 2, 3and 4 are ignored UV, OV,
vdac refs,
OT and
RSTB pin

HV BUCK PG1

PG1 high only after soft-start and not
faulted
LVB2 BUCK PG2

PG2 high only after soft-start and not
faulted

LVB3 BUCK PG3 RSTB pin
PG3 high only after soft-start and not

faulted

LDO4 BUCK PG4
PG4 high only after soft-start and not
faulted

Windowed Watchdog
Timer

restart fault _r

slow fault RSTB 200ms or
| 20ms pulse
generator

12C selectable bits T

Wat restart Tault | opt_short fault_wait |
wdt_slow_fault_

rstb en
wdt_fast_fault_

rstb en
rstb_gen_pulse

1 write

fast fault i

Figure 27. RSTB Block Diagram

5.21 GPI

The RAA271082 provides a configurable open-drain general purpose 1/O (GPIO) pin. A pull-up voltage and
pull-up resistor are required if the GPIO pin connects to a logic device. On power-up, the GPIO pin is asserted
high (open drain) during device initialization, and then asserts low when the device has successfully completed
initialization and switching can begin. The GPIO functions can factory-programmed or programmed using 12C to
perform one of the following functions, refer to register 0xA4 in the Register Descriptions.

= GPIO is high (open drain) during initialization and then drives low when all register operations are finished and
initialization is completed). This is the default state of the device, register 0xA4 Bits 2:0 set to 0,0,0.

= General fault indicator. The pin can be programmed to show fault status for any selection of bits in the
FLT_GPIO_EN registers (Registers 0x8A, 0x8B, and 0x8C). This requires register 0xA4 Bits 2:0 set to 0,0,1.
The selected fault bits are OR’d, a fault on any selected bit triggers a GPIO fault indication. The registers may
be polled using 12C to determine which faults have occurred.

= GPIO is a logic output which reflects the bit value in register 0OxA4 Bit 4. This requires register 0xA4 Bits 2:0 set
to 1,1,0.

= Clock output. The 2.2MHz internal clock can be sent to the GPIO pin. The GPIO clock signal is in phase with
the Buck1 clock. This requires register 0xA4 Bits 2:0 set to 0,1,1.
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= General input. The GPIO output drive can be disabled to configure the pin as an input kick to the Windowed
Watchdog Timer, or for sampling the pin using register 0xA4. Configuring the GPIO pin as an input requires
register 0xA4 Bits 2:0 set to 1,0,0. Bit 7 of the register then reflects the input logic state of the pin.

Note: The GPIO pin has an intrinsic diode connected from the GPIO pin to the BYP supply. See 12C and GPIO
Bus Connections for more information.

Table 15 shows the GPIO default settings for fault indication. Note: Register 0xA4 must first be written with value

0x04 to configure GPIO as a fault indicator.

Table 15. GPIO Fault Indicator Default Settings

Fault Default Enabled?
Buck1 No
Buck2 No
Undervoltage (UV)
Buck3 No
LDO4 No
Buck1 No
Buck2 No
Overvoltage (OV)
Buck3 No
LDO4 No
Buck1 No
Buck2 No
Overcurrent (OC)
Buck3 No
LDO4 No
Buck1 No
Negative Overcurrent (NOC) Buck2 No
Buck3 No
Overcurrent2 (OC2) Buck1 No
Severe Undervoltage (Sev UV) Buck1 Yes
Severe Overvoltage (Sev OV) Buck1 Yes
Sequence Fault No
Watchdog Too Fast Fault No
Watchdog Too Slow Fault No
Watchdog Restart Fault No
CRC Recheck Fault No
[2C CRC Fault No
Over-Temperature No
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The GPIO block diagram is shown in Figure 28.

RAA27 1082
GPIO input buffer
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pin read back < |
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GPIO output mux
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GPIO_CTRL[4]

(GPIO d?ta P 2 Open-drain drive
output
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FLT_STATUS_1
FLT_STATUS_2

1 | GPIO_CTRL[2]

FLT_STATUS_3

bit set high on selects directio.n
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FAULT to GPIO [
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FLT_GPIO_EN1 selects in put of mux
FLT_GPIO_EN2
FLT_GPIO_EN3 | GPIO_CTRL[1:0]

If set high,

selected fault
routed to GPIO
output mux Power on default action:
GPIO pin asserted low when PMIC initialization completes and CRC is correct

PMIC INITIALIZATION
STATUS (1 when done
and fuse CRC is correct) GPIO_CTRL[1:0] can be reprogrammed using 12C to:

0: Monitor initialization status (default action)

1: Monitor fault(s) selected by FLT_GPIO_EN regs with GPIO PIN
2: Directly assert GP1O output with GPIO_CTRL[4]

3: Monitor 2.2MHz clocking

Figure 28. GPIO Block Diagram

5.22 Windowed Watchdog Timer

The RAA271082 provides a Windowed Watchdog Timer (WWDT) to aid in detection and warning of system faults.
The WWDT timing and response must be configured using 12C (RAA271082) as explained below.

The input (kick) signal to the WWDT is always available using 12C, by periodically writing the correct kick value
(hex 2A) into the KICK_REG register 0xA4. Additionally, the GPIO pin can be used as the WWDT input (kick), as
set by the kick_select bits in register WWDT_CFG 0xAO. Note: If the GPIO input provides the WWDT kick signal,
the GPIO must be configured as an input and cannot be used as a fault indicator. To configure the GPIO input as
the WWDT kick, write register 0xA4 with value 0x04.

The WWDT provides programmability for both the upper limit (too slow) and lower limit (too fast) time periods
which trigger a WWDT fault. The upper and lower limits are programmed through the registers WWDT_ULW (too
slow, 0xA1) and WWDT_LLW (too fast, 0xA2). The WWDT can also be configured to trigger a fault on a restart
fault, which is a too slow fault which triggers at twice the timing period defined by the upper limit (too slow) register
O0xA1.
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Figure 29 shows the WWDT configured to use the GPIO input as the input (kick) signal.
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Figure 29. WWDT Operation using GPIO as WWDT Input

fault_rstb_enable 47

uv, ov fault
detection

Pulse RSTB pin low on fault

Figure 30 shows the WWDT configured to use only the kick register (0xA3) through the 12C interface as the
WWDT input (kick) signal. This allows the GPIO pin to be used for other system functions.

Note: Loading a non-zero value into either the upper or lower window counter enables the WWDT fault detection.
If the kick timing is outside the limits set by the window counter, a fault bit is set high in register 0x83. Renesas
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recommends keeping the window counter value at zero until all other WWDT options have been enabled, and
then load the non-zero value into the counter.
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Figure 30. WWDT Operation using the Kick Register as WWDT Input

The following steps explain how to program the watchdog timer. Note: The WWDT cannot be
factory-programmed and must be programmed using 12C each time the device powers up.
At power-up, GPIO drives low during initialization.

2. When initialization is done, GPIO remains low and the outputs start switching. It is possible to write to the
WWDT registers at this point, but RSTB remains low until after the outputs are in regulation.

3. RSTB drives high about 500us after all outputs are in regulation.

Before programming any WWDT parameters, set Bit 7 of register 0x0A to zero: this disables the WWDT until
all parameters are set.

5. Select the kick to use for the WWDT. The kick can be supplied through the GPIO pin or using periodic 12C
register writes.

a. Bits 1:0 of register 0xAO determine the kick selection:

b. Bits 1,0 = 0,0: this selects GPIO pin as kick, on falling edge. It also allows kicks using the 12C kick register.
c. Bits 1,0 = 0,1: this selects GPIO pin as kick, on rising edge. It also allows kicks using the 12C kick register.
d. Bits 1,0 = 1,0: identical to Bits 1:0 = 0,1.
e. Bits 1,0 = 1,1: selects I2C kick register and the GPIO pin is ignored.
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f.  To kick the WWDT using 12C kick register, write value 0x2A to register OxA3.

g. IfGPIO s to be used as an 12C kick input, the GPIO pin must be configured as an input. On power-up, the
pin is high while the device initializes. After initialization the pin drives low, switching begins, and the GPIO
pin can be configured as an input. To configure the pin as an input, write value 0x04 to register OxA4.
Note: When the register write occurs, GPIO reads high because it is now an input and cannot actively pull
the pin low.

6. Select the WWDT timing parameters. Note, all these WWDT registers are set to value 0x00 at power-up.

a. Too-fast setting: write to register 0OxA2 (WWDT_LLW - 0xA2). Bits 3:0 set the tick count. Bits 6:4 set the
timebase per tick.

b. Too-slow setting: write to register 0xA1 (WWDT_ULW - 0xA1). Bits 3:0 set the tick count. Bits 6:4 set the
timebase per tick.

c. Restart setting: the restart timing is twice the too-slow period. Example: if the too-slow setting is 10ms,
restart is 20ms.

7. Select which WWDT faults create a shutdown, using register WWDT_CFG - 0xAO Bits 6:4.
Each shutdown below can be enabled or disabled separately.

a. Bit 6 = 1: Enables shutdown on restart fault.
b. Bit5 = 1: Enables shutdown on too-slow fault.
c. Bit4 = 1: Enables shutdown on too-fast fault
d. Set each bit to 1 to create a fault. Each fault can be disabled or enabled independently.
8. Select which outputs to shut down upon WWDT fault, using register WWDT_CFG - 0xAO Bit 3.
a. Bit 3 =0: causes all outputs to shut down.
b. Bit 3 = 1: shuts down only the LV outputs while VOUT1 remains on.

9. Select whether the WWDT timing specs are locked out when the WWDT is enabled, using WWDT_CFG - 0xA0
Bit 2.

a. Bit2=0: WWDT parameters can be altered at any time.

b. Bit2 =1: WWDT parameters are locked and cannot be changed unless the IC is reset by EN or VIN
recycling.

10. Enable the WWDT by changing WWDT_CFG - 0xAO0 Bit 7 from 0 to 1. The WWDT does not activate until the
first kick is received.

When the WWDT is enabled, the WWDT detects WWDT faults and responds according to the options selected. If
one or more WWDT faults are configured to cause output shutdown, the outputs shutdown and try to restart
according to the hiccup/latch-off selection.

6. Layout Guidelines

As with all switching regulators, the Printed Circuit Board (PCB) layout requires careful attention to achieve good
performance. Proper PCB layout as detailed below minimizes the effects of voltage and current spikes present in
fast-switching MOSFET circuits.

= The PCB should have a minimum of four copper layers. Use a full ground plane in the internal layer directly
below the top layer. For all components that connect to ground, make sure that each component has one or
more vias nearby, to provide a low-impedance path to the ground plane.

= VIN1 input capacitance: Place the input filter capacitor (CIN1) between VIN1 and PGND, as close to the IC pins
as possible. Place the high-frequency decoupling capacitor closest to the IC. The loop formed by the input
capacitors, VIN1, and PGND must be small to minimize high frequency noise. The copper traces between the
capacitors and the IC should be as short and direct as possible.
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= Place the Buck1 inductor L1 near the PHASE1 pin of the IC and connect directly to the pin with short, wide
copper.

= Place the boot capacitor (CBOOT) next to Pins 5 and 6 and use short, direct copper connections.

= Place the VIN2/3 input capacitor (CIN2/3) near the VIN2/3 pin of the IC. Place the high-frequency decoupling
capacitor closest to the IC. Connect the capacitors to the VIN2/3 pin using short, wide copper. Place multiple
ground vias at the ground connection of each capacitor, to provide a low-impedance ground path to the ground
of the IC (PGND2/3, pin 22).

= Place Buck2 and Buck3 inductors (L2 and L3) next to their respective pins, PHASE2 and PHASES. Route to the
inductors using short, wide copper.

= Place the Buck2 and Buck3 output capacitors (COUT2 and COUT3) near the inductor and connect using short,
wide traces. Use multiple vias and copper on other layers if needed to connect from COUT2 or COUTS3 to their
load circuit.

= Place multiple ground vias at the ground connection of COUT2 and COUT3, to provide a low-impedance
ground path to the Buck2/3 ground return at the IC (PGNDZ2/3, pin 22).

* Route the feedback for Buck3 directly from COUT3 to the FB3 pin (Pin 21), as seen in the layout in light blue
color. Provide some space clearance between the FB3 trace (which is noise-sensitive) and the high-noise
PHASES trace.

= Route the feedback for Buck2 on an inner layer, connecting from COUT2 to FB2 (Pin 22). FB2 is a noise-
sensitive input. Route the trace so that it avoids passing underneath the inductors L2, L3, or L1, and also avoids
passing underneath under the PHASE signals or pins. Renesas recommends routing the trace on an inner
layer, going around COUT3, and then routing to Pin 22. VOUT2 (Buck2 output) and the FB2 pin are shown in
yellow in Figure 31.

= LDOIN4 and FB1 (Pins 18 and 17) must be connected to VOUT1, which is the output of Buck1 and is
connected to the VIN2/3 pin (Pin 1). Use wide copper to route from VOUT1 to LDOIN4. The LDOIN4 pin is the
input for the LDOOUT4 output, which dictates that the LDOIN4 trace must carry all the LDO load current. When
routing the connection from VOUT1 to LDOIN4, avoid routing underneath any of the inductors and also any
PHASE nodes. Renesas recommends using inner layer copper, connecting from VOUT1 to LDOIN4 (all shown
in white), routing directly underneath the IC, while avoiding the PHASE and BOOT pins of the IC (Pins 5, 6, 23,
24). Note: The LDOIN4 pin also functions as the overvoltage and undervoltage sense point for Buck1. To
minimize I*R voltage drop because of copper resistance, use a wide trace to route to LDOIN4.

= FB1 (Pin 17) is the feedback input for Buck1. This pin ultimately connects to the same net as LDOIN4. It is
possible to combine the path for FB1 and LDOIN4 into a single trace, however the trace needs to be wide to
minimize I*R voltage drop because of the LDOIN4 loading. Alternatively, a separate trace on an inner layer can
route from the VOUT1 output to the FB1 pin. Route this trace away from all high-noise nodes and components,
including the inductors, capacitors CIN1 and CIN2/3, and the PHASE and BOOT nodes.

= Place input and output capacitors for the LDO (100nF and CLDOOUTA4) near the IC and routed directly with
short wide traces. Place multiple ground vias at the ground connection of the capacitors to provide a
low-impedance ground path to the ground return at the IC.

= Connect all the grounds pins (Pins 10, 11, and 22) and the thermal PAD (Pin 25) together using a single wide
copper pad under the IC. Connect this copper pad to the ground plane using multiple vias, to provide a
low-impedance path to the ground plane and also to provide heatsinking through the PCB copper.

= Place the BYP capacitor (CBYP) near the BYP pin (Pin 12). Route to the capacitor using a short, wide PCB
trace, for both the BYP and the ground paths. If needed, place multiple ground vias at the ground connection of
CBYP, to provide a low-impedance ground path to the ground of the IC (PGND2/3, Pin 22).
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An example PCB layout is shown in Figure 31.
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Figure 31. PCB Layout
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7. 12C Bus Operation

The chip supports 7-bit addressing. The RAA271082 12C device address is reconfigurable through factory
programming as either 0x4d (default) or Ox4e. The address selection is done using register 0x7C, Bit 7.

All communication over the 12C interface is conducted by sending the MSB of each byte of data first. Data states
on the SDA line can change only during SCL LOW periods. SDA state changes during SCL HIGH are Reserved
for indicating START and STOP conditions, see Figure 32.

All 12C interface operations must begin with a START condition, which is a HIGH to LOW transition of SDA while
SCL is HIGH. The RAA271082 continuously monitors the SDA and SCL lines for the START condition and does
not respond to any command until this condition is met. All I2C interface operations must be terminated by a
STOP condition, which is a LOW to HIGH transition of SDA while SCL is HIGH.

An Acknowledge (or ACK) indicates a successful data transfer. The transmitting device, either master or slave,
releases the SDA bus after transmitting eight bits. During the ninth clock cycle, the receiver pulls the SDA line
LOW to acknowledge the reception of the eight bits of data (Figure 32). The RAA271082 responds with an ACK
after recognition of a START condition, followed by a valid Identification (also known as 12C Address) Byte. The
RAA271082 also responds with an ACK after receiving a Data Byte of a write operation. The master must respond
with an ACK after receiving a Data Byte of a read operation.

Start Restart Stop
Event Event Event
!
twl e tr’”‘ tsUDAT %« // rﬁq
0% | f 7 / Sﬁ
SDA 30% m S‘_7ZL X_// 4
tHD.DAT | R tsp
t “
tiaie  tra «Mn tvD:DAT 1
kil 1 ! i
% |
e BRSNS NS VS S .
Il ; | (
b 9" clock Ay 9" clock -
tHD:STA 1hscL tow tsu:sTA  tHDISTA tsu:sTA

Figure 32. I2C Timing

7.1  Write Operation

A Write operation requires a START condition, followed by an RAA271082 12C Address byte with the R/W bit set
to 0, a Register Address Byte, Data Bytes, and a STOP condition. After each byte, the RAA271082 responds with
an ACK. A STOP condition that terminates the write operation must be sent by the master after sending at least
one full data byte and its associated ACK signal. If a STOP byte is issued in the middle of a data byte, the write is
not performed.

E1|2| . |7 EB[S8[1[2] . J7[EB[8]1]Z] ....|?|39n_
o DEVICE 12C » Reg Address w2 Write Data to ¥ |0
- plQ [} ] :
w ADDRESS =L M < Reg M =L

1Byte Write to Reg M

Figure 33. 1-Byte Write to Register M

7.2 Read Operation

A Read operation consists of a dummy write instruction to send the register address to begin reading from,
followed by a Current Address Read operation. The master initiates the operation, issuing the following sequence:
a START condition, followed by an RAA271082 12C Address byte with the R/W bit set to 0, a Register Address
Byte, a second START, and a second RAA271082 I2C Address byte with the R/W bit set to 1. After each of the
three bytes, the RAA271082 responds with an ACK. The RAA271082 then transmits Data Bytes. The master
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terminates the Read operation from the RAA271082 by issuing a STOP condition following the last bit of the last

data byte.
E1|2| [T1E]S[1]2] (718 o[ L12] [T1E[5[112] R EREN Y
= DEVICE 12C w Reg Address w | & DEVICE 12C w Read Data from w» |0
o 0|0 Yl 13 2%
w ADDRESS < M |z ADDRESS < Reg M <
1 Byte Data Read from Register M
Figure 34. 1-Byte Read from Register M
7.3 I2C Timing

The timing specifications of the 12C 1/0 from the I2C specification are shown in Table 16. The 12C controller

provides a slave I2C transceiver capable of interpreting I2C protocol in Standard and Fast modes.

Table 16. Timing Specifications

Standard Mode Fast Mode
Parameter Symbol Unit
Min Max Min Max
Clock Frequency fscL 0 100 0 400 kHz
Hold Time (repeated) START Condition.
(After this period, the first clock pulse is thp; STA 4000 - 600 - ns
generated.)
LOW Period of the SCL Clock tLow 4700 - 1300 - ns
HIGH Period of the SCL Clock tHiIGH 4000 - 600 - ns
Setup Time for a Repeated START Condition tsu:sTA 4700 - 600 - ns
Data Hold Time tHD.DAT 15 - 15 - ns
Data Setup Time tsu.pAT 250 - 100 - ns
Rise Time of SCL treL - 1000 20 300 ns
Fall Time of SCL ticL - 300 20 x (Vpp/5.5V) 300 ns
Rise Time of SDA toa - 1000 20 300 ns
Fall Time of SDA tioa - 300 20 x (Vpp/5.5V)l1 300 ns
Setup Time for STOP Condition tsu:sTo 4000 - 600 - ns
Bus F'r.ee Time between a STOP and START taur 4700 i 1300 i ns
Condition
Capacitive Load for each Bus Line Cp - 400 - 400 pF
Output Fall Time from V|gmin 10 Vi max tof - 250 20 x (Vpp /5.5V) 250 ns
Pulse Wldth of Spikes Suppressed by the tep i i 0 50 ns
Input Filter
1. Only valid for Vpp < 4V.
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8. Register Information

The following is the TYPE definition for each address bit in the Register Descriptions.

Type

Description

R Readable

W Writable

E Default value selectable by fuse. Default column lists value prior to fuse programming. These bits are included in the
CRC Recheck calculation.

P Programmable by factory only.

E Writable and readable only when EN sets the device in Standby mode. Read-only when the EN pin enables the output

regulators.

W1S Writing a 1 sets bit and prevents future clearing of this bit. Writing a 0 has no effect.

wocC Writing a 0 clears fault status bit. Bit remains cleared if fault was removed. Writing a 1 has no effect.

WO Write Only

8.1 Register Address Map

Below is the address map for the 12C-accessible registers

Offset Name Description

0x60 DEV_ID_LO_BYTE RAA271082 ID low byte.

0x61 DEV_ID_HI_BYTE RAA271082 ID high byte (0 is omitted)

0x62 DEV_REV_LO_BYTE Device revision low byte

0x63 DEV_REV_HI_BYTE Device revision high byte

0x64 BUCK_LDO_STATUSH1 PGOOD status and ton/torr sequencer status for each regulator

0x65 BUCK_LDO_STATUS2 Restart lockout status

0x66 BUCK_LDO_REG_STATE Regulator states (off, soft start, normal, hiccup/latch-off) for each regulator
Regulator sequencer override (requires factory programming to access this option).

0x67 BUCK_LDO_EN Used to individually enable/disable regulators, and enable/disable all LV output
pull-downs.

0x70 VIN1_UV_THRESH_OPT VIN1 under voltage threshold option

0x71 VOUT1_VOLTAGE_OPT VOUT1 output voltage option

0x72 VOUT1_THRESH_OPT VOUT1 UV and OV threshold options

0x73 VOUT2_VOLTAGE_OPT VOUT2 output voltage option

0x74 VOUT2_THRESH_OPT VOUT2 UV and OV threshold options

0x75 VOUT3_VOLTAGE_OPT VOUT3 output voltage register

0x76 VOUT3_THRESH_OPT VOUT3 UV and OV threshold options

0x77 VOUT4_VOLTAGE_OPT VOUT4 output voltage option

0x78 VOUT4_THRESH_OPT VOUT4 UV and OV threshold options

0x79 SEQUENCE_OPT Sequence and Timing Delay on/off options

Ox7A SS_OPT Spread spectrum modulator options

0x7B MISC1_OPT Hiccup algorithm, UV pre-filter, LV output pull-downs, Buck3 phase options
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Offset Name Description
e D) :

Ox7C MISC2_OPT gSCTaI::jor\?vst?r,nr;"l’ag:jI;::ﬂeNcggt/rglé?OorgzoLi\S//OV assertion filter, “C CRC checking,
0x7D MISC3_OPT Buck2/3 OC, NOC usage, and PGOODx configure of RSTB options

Ox7E TRIM_CRC_LOW CRC low byte

Ox7F TRIM_CRC_HIGH CRC high byte

0x80 FLT_STATUS_1 Buck 1 and Over-temperature fault status

0x81 FLT_STATUS_2 Buck 2 and Buck 3 fault status

0x82 FLT_STATUS_3 LDO 4 fault status

0x83 FLT STATUS 4 Watchdog timer, Sequencer, CRC Recheck, 12C CRC, and VDAC Compare fault

- - status

0x84 FLT_LATCHOFF_RESTART | Latch-off Restart Control

0x85 FLT_RESP_MASK1 Buck 1 fault response mask

0x86 FLT_RESP_MASK2 Buck 2 and Buck 3 fault response mask

0x87 FLT_RESP_MASKS3 LDO 4 fault response mask

0x8A FLT_GPIO_EN1 Over-temperature and Buck1 fault GPIO enable control

0x8B FLT_GPIO_EN2 Buck2 and Buck 3 fault GPIO enable control

0x8C FLT_GPIO_EN3 LDO4, CRC Recheck, Watchdog timer, [2C CRC fault GPIO enable control

0x8D FLT_RSTB_EN RSTB control for Sequence and Watchdog timer faults

0xAO0 WWDT_CFG Windowed watchdog timer (WWDT) configuration register

0xA1 WWDT_ULW WWDT upper limit (too slow) counter control

0xA2 WWDT_LLW WWDT lower limit (too fast) counter control

0xA3 KICK_REG WWDT timer kick register

0xA4 GPIO_CTRL GPIO Pin Control. Sets pin direction and usage of GPIO pin.

0xA5 RSTB_CTRL RSTB Pin Control

0xB6 CRC_RESULT LO BIT LSB of CRC result

0xB7 CRC_RESULT_HI_BITS MSB of CRC result
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8.2 Register Descriptions

The following are the address, bit descriptions, options, and default settings for the 12C -accessible registers.

8.21 DEV_ID_LO_BYTE - 0x60

Name Bit Type Default Description
dev_id_lo_byte 7:0 R 0x82 RAA271082 ID low byte
8.2.2 DEV_ID_HI_BYTE - 0x61
Name Bit Type Default Description
dev_id_hi_byte 7:0 R 0x10 RAA271082 ID high byte (27 is omitted)
8.2.3 DEV_REV_LO BYTE - 0x62
Name Bit Type Default Description
dev_rev_lo_byte 7:0 R 0x01 Device revision low byte
8.24 DEV_REV_HI_BYTE - 0x63
Name Bit Type Default Description
dev_rev_hi_byte 7:0 R 0xCC Device revision high byte
8.2.5 BUCK_LDO_STATUS1 - 0x64
Name Bit Type Default Description
Ido4_pgood 7 R 0x0 LDO4 PGOOD status; 0 = Not good; 1 = Good
buck3_pgood 6 R 0x0 Buck3 PGOOD status; 0 = Not good; 1 = Good
buck2_pgood 5 R 0x0 Buck2 PGOOD status; 0 = Not good; 1 = Good
buck1_pgood 4 R 0x0 Buck1 PGOOD status; 0 = Not good; 1 = Good
Ido4_enabled 3 R 0x0 LDO4 ton/torr status; 0 = Disabled; 1 = Enabled
buck3_enabled 2 R 0x0 Buck3 ton/torr status; 0 = Disabled; 1 = Enabled
buck2_enabled 1 R 0x0 Buck2 ton/torr status; 0 = Disabled; 1 = Enabled
buck1_enabled 0 R 0x0 Buck1 ton/torr status; 0 = Disabled; 1 = Enabled
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8.2.6 BUCK_LDO_STATUS2 - 0x65

Name Bit Type Default Description

Reserved 7:1 R 0x0

Restart lockout status when EN and/or EN_LV are
manually taken low.

(Does NOT apply to faults that may cause restart.)

0 = HV and LV regulators are past the 200ms Restart
Lockout Period (200ms), and therefore restart can or
does happen.

1 = HV and regulators are in Restart Lockout Period
(200ms), therefore restart must wait.

restart_lockout 0 R 0x0

8.2.7 BUCK_LDO_REG_STATE - 0x66

Name Bit Type Default Description

LDO4 state
Ido4_state 7:6 R 0x0 00 = disabled; 01 = soft starting

11 = enabled; 10 = in hiccup or latch-off

Buck3 state
buck3_state 5:4 R 0x0 00 = disabled; 01 = soft starting

11 = enabled; 10 = in hiccup or latch-off

Buck2 state
buck2_state 3:2 R 0x0 00 = disabled; 01 = soft starting

11 = enabled; 10 = in hiccup or latch-off

Buck1 state
buck1_state 1:0 R 0x0 00 = disabled; 01 = soft starting

11 = enabled; 10 = in hiccup or latch-off
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8.2.8 BUCK_LDO_EN - 0x67
Name Bit Type Default Description
Direct regulator enable control
This is available only when opt_EN_manual bit is set to 1,
in register MISC2_OPT (reg 0x7C, Bit 6).
reg_direct_en 7 RwW 0x0 0 = Use the programmed TON_DLY/TOFF_DLY
sequence.
1 = Direct output control using Bits [4:0] of this register.
(Disables the TON_DLY/TOFF_DLY sequencer.)
Reserved 6:5 R 0x0
Control output pull-downs for Buck2/3 and LDOA4.
This is valid only when reg_direct_en (Bit 7) is 1;
otherwise, the pull-downs are controlled by the output
reg_lv_pden 4 RwW 0x0 sequencer
0 = Disable the pull-downs for Buck2/3 and LDO4.
1 = Enable the pull-downs for Buck2/3 and LDO4.
Enable LDO4. Requires EN pin high and EN_LV pin high.
reg_Ido4_en 3 RW 0x0 Only valid when reg_direct_en (Bit 7) is 1; otherwise the
output sequencer controls LDO4.
0 = Disabled; 1 = Enabled
Enable BUCKS3. Requires EN pin high and EN_LV pin
high.
reg_buck3_en 2 RW 0x0 Only valid when reg_direct_en (Bit 7) is 1; otherwise the
output sequencer controls Buck3.
0 = Disabled; 1 = Enabled
Enable BUCK2. Requires EN pin high and EN_LV pin
high.
reg_buck2_en 1 RW 0x0 Only valid when reg_direct_en (Bit 7) is 1; otherwise the
output sequencer controls Buck?2.
0 = Disabled; 1 = Enabled
Enable BUCK1. Requires EN pin high.
reg_buck1_en 0 RW 0x0 Only valid when reg_direct_en (Bit 7) is 1; otherwise the
output sequencer controls Buck1.
0 = Disabled; 1 = Enabled
8.2.9 VIN1_UV_THRESH_OPT - 0x70
Name Bit Type Default Description
Reserved 7:2 R 0x0
. VIN1 Undervoltage Threshold Voltage
opt_vin1_uv_thres 1:0 FERW 0x00 0=45V:-1=50V2=65V3=7.0V
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8.210 VOUT1_VOLTAGE_OPT - 0x71

Name Bit Type Default Description
Reserved 75 R 0x0
VOUT1 Voltage Option Select
Decimal (Hex) Voltage
0 (0x00): 3.60V
1 (0x01): 2.80V
2 (0x02): 2.85V
3 (0x03): 2.90V
4 (0x04): 2.95v
5 (0x05): 3.00V
6 (0x06): 3.05V
7 (0x07): 3.10V
8 (0x08): 3.15V
opt_vout1_output_voltage 4:0 FERW 0x00 9 (0x09): 3.20V
10  (OxO0A): 3.25V
11 (0x0B): 3.30V
12 (0x0C): 3.35V
13 (0x0D): 3.40V
14  (OxOE): 3.50V
15  (OxOF): 3.60V
16 (0x10): 3.70V
17 (0x11): 3.80V
18  (0x12): 5.00V
19  (0x13): 5.05V
others: 3.60V
8.211 VOUT1_THRESH_OPT - 0x72
Name Bit Type Default Description
Reserved 7:6 R 0x0
VOUT1 Undervoltage Threshold select
opt_vout1_uv_thres 5:4 FERW 0x00
0=-4% =-6% =-8% =-12%
Reserved 3:2 R 0x0
VOUT1 Overvoltage Threshold select
opt_vout1_ov_thres 1:0 FERW 0x00
0=+4% 1=46% 2=+8% 3=+12%
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8.212 VOUT2_VOLTAGE_OPT - 0x73

Name Bit Type Default Description
Reserved 7:6 R 0x0
VOUT?2 Voltage Option Select
Decimal (Hex) Voltage
0 (0x00): 1.80V
1 (0x01): 0.85V
2 (0x02): 0.90V
3 (0x03): 0.95v
4 (0x04): 1.00V
5 (0x05): 1.05V
6 (0x06): 1.10V
7 (0x07): 1.15V
8 (0x08): 1.20V
9 (0x09): 1.25V
10  (OxO0A): 1.30V
11 (0x0B): 1.35V
12 (0x0C): 1.40V
13 (0x0D): 1.45V
14 (OxOE): 1.50V
15  (OxOF): 1.55V
16 (0x10): 1.60V
opt_vout2_output_voltage 5:0 FERW 0x00 17 (Ox1): 1.65V
18 (0x12): 1.70V
19  (0x13): 1.75V
20 (Ox14): 1.80V
21 (0x15): 1.85V
22 (0x16): 1.90V
23 (0x17): 1.95V
24 (0x18): 2.00V
25 (0x19): 2.05V
26 (Ox1A): 2.10V
27  (0x1B): 2.20V
28 (0x1C): 2.30V
29 (O0x1D): 2.40V
30 (Ox1E): 2.45V
31 (Ox1F): 2.50V
32  (0x20): 2.55V
33  (0x21): 2.80V
34  (0x22): 3.30V
others: 1.80V
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8.213 VOUT2_THRESH_OPT - 0x74

Name Bit Type Default Description
Reserved 7:6 R 0x0
VOUT2 Undervoltage Threshold select
opt_vout2_uv_thres 5:4 FERW 0x00
0=-4% 1=-6% 2=-8% 3=-12%
Reserved 3:2 R 0x0
VOUT?2 Overvoltage Threshold select
opt_vout2_ov_thres 1:0 FERW 0x00
0=+4% 1=+6% 2=+8% 3=+12%
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8.2.14 VOUT3_VOLTAGE_OPT - 0x75

Name Bit Type Default Description
Reserved 7:6 R 0x0
VOUT3 Voltage Option Select
Decimal (Hex) Voltage
0 (0x00): 1.20V
1 (0x01): 0.85V
2 (0x02): 0.90V
3 (0x03): 0.95v
4 (0x04): 1.00V
5 (0x05): 1.05V
6 (0x06): 1.10V
7 (0x07): 1.15V
8 (0x08): 1.20V
9 (0x09): 1.25V
10  (OxO0A): 1.30V
11 (0x0B): 1.35V
12 (0x0C): 1.40V
13 (0x0D): 1.45V
14 (OxOE): 1.50V
15  (OxOF): 1.55V
16 (0x10): 1.60V
opt_vout3_output_voltage 5:0 FERW 0x00 17 (Ox1): 1.65V
18 (0x12): 1.70V
19  (0x13): 1.75V
20 (Ox14): 1.80V
21 (0x15): 1.85V
22 (0x16): 1.90V
23 (0x17): 1.95V
24 (0x18): 2.00V
25 (0x19): 2.05V
26 (Ox1A): 2.10V
27  (0x1B): 2.20V
28 (0x1C): 2.30V
29 (O0x1D): 2.40V
30 (Ox1E): 2.45V
31 (0x1F): 2.50V
32  (0x20): 2.55V
33  (0x21): 2.80V
34  (0x22): 3.30V
others: 1.20V
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8.215 VOUT3_THRESH_OPT - 0x76

Name Bit Type Default Description
Reserved 7:6 R 0x0
VOUT3 Undervoltage Threshold select
opt_vout3_uv_thres 5:4 FERW 0x00
0=-4% 1=-6% 2=-8% 3=-12%
Reserved 3:2 R 0x0
VOUT3 Overvoltage Threshold select
opt_vout3_ov_thres 1:0 FERW 0x00
0=+4% 1=46% 2=+8% 3=+12%
8.216 VOUT4_VOLTAGE_OPT - 0x77
Name Bit Type Default Description
Reserved 74 R 0x0
VOUT4 Voltage Option Select
Decimal (Hex) Voltage
0 (0x0): 3.30V
1 (0x1): 2.70V
2 (0x2): 2.75V
3 (0x3): 2.80V
4 (0x4): 2.85V
5 (0x5): 2.90V
opt_vout4_output_voltage 3.0 FERW 0x00 6 (Ox6): 2.95V
7 (0x7): 3.00V
8 (0x8): 3.10V
9 (0x9): 3.20V
10  (OxA): 3.25V
11 (0xB): 3.30V
12 (0xC): 3.35V
13  (0xD): 3.40V
others: 3.30V
8.217 VOUT4_THRESH_OPT - 0x78
Name Bit Type Default Description
Reserved 7:6 R 0x00
VOUT4 Undervoltage Threshold select
opt_vout4d_uv_thres 5:4 FERW 0x00
0=-4% 1=-6% 2=-8% 3=-12%
Reserved 3:2 R 0x00
VOUT4 Overvoltage Threshold select
opt_vout4_ov_thres 1:0 FERW 0x00
0=+4% 1=46% 2=+8% 3=+12%
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8.2.18 SEQUENCE_OPT - 0x79

Name

Bit

Type

Default

Description

opt_seq

FERW

0x00

Sequence Option Select for LV regulators - Selects
startup and shutdown order for the low voltage regulators

0 = Startup order is BUCK2, BUCKS3, and LDO4.
Shutdown order is LDO4, BUCK3, and BUCK2.
1 = Startup order is LDO4, BUCK2, and BUCKS3.
Shutdown order is BUCK3, BUCK2, and LDO4.

Reserved

0x0

opt_toff_delay

5:3

FERW

0x00

torr delay select for regulator sequence. This is the delay
between outputs shutting off in sequence.

0=0ms 1=05ms 2=1ms 3=2ms
4=4ms 5=8ms 6=16ms 7 =232ms

opt_ton_delay

2:0

FERW

0x00

ton delay select for regulator sequence. This is the delay
between outputs turning on in sequence.

0=0ms 1=05ms 2=1ms 3=2ms
4=4ms 5=8ms 6=16ms 7 =232ms

8.2.19 SS_OPT - 0x7A

Name

Bit

Type

Default

Description

Reserved

7:3

0x00

opt_ss_algorithm

2:0

FERW

0x00

Selects spread spectrum algorithm
0 = Spread spectrum disabled
1 = Two slope modulation, 9.13kHz

2 = Pseudo-random dwell between 1 and 8 cycles, with
pseudo-random frequency

3 = Pseudo-random dwell periods 4 and 32 cycles in
steps of 4 cycles, with pseudo-random frequency

4 = Triangular modulation, 8.85kHz

5 = Fixed dwell for 4 cycles with pseudo-random
frequency

6 = Fixed dwell for 8 cycles with pseudo-random
frequency

7 = Fixed dwell for 24 cycles with pseudo-random
frequency
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8.2.20 MISC1_OPT - 0x7B

Name

Bit

Type

Default

Description

opt_hicn_lat

7:6

FERW

0x00

Fault Response Option for Hiccup and Latch-off.

Hiccup response shuts down regulator(s) for 200ms then
attempts to restart.

Note: For all latched shutdowns, if outputs have gone
into a latched shutdown, they can be restarted by setting
Bit 4 and/or Bit O of register 0x84 to zero. See register
0x84.

0 = Hiccup on fault: repeat startup/shutdown indefinitely
until fault is cleared.

1 = Hiccup on fault: repeat startup/shutdown 5 times
maximum then latch-off if fault remains.

2 = Hiccup on fault: repeat startup/shutdown 10 times
maximum then latch-off if fault remains.

3 = Latch-off on fault: shuts down regulator(s) on fault.
Do not attempt restart.

opt_enUV_preFilt

54

FERW

0x00

Filter for UV detection. This applies only to undervoltage
faults. The filter selected applies to VOUT1/2/3 and
LDO4.

0 = No additional filter

1 = Enable additional 10us filter
2 = Enable additional 25ps filter
3 = Enable additional 45ps filter

Note: For all options, there is also a fixed delay of
approximately 2us.

opt_disPD_LDO4

FERW

0x00

LDO 4 pull-down control (at LDO4 shutoff)
0 = Output pull-down is enabled for 200ms
1 = Output pull-down is disabled

opt_disPD_buck3

FERW

0x00

Buck 3 pull-down control (at Buck3 shutoff)
0 = Output pull-down is enabled for 200ms
1 = Output pull-down is disabled

opt_disPD_buck2

FERW

0x00

Buck 2 pull-down control (at Buck2 shutoff)
0 = Output pull-down is enabled for 200ms
1 = Output pull-down is disabled

opt_phase180_buck3

FERW

0x00

Buck 3 switching phase option
0 = 180 degrees phase shifted with Buck1
1 = In phase with Buck1

R33DS0019EU0104 Rev.1.04
Mar 5, 2025

RENESAS Page 58




RAA271082 Datasheet

8.2.21 MISC2_OPT - 0x7C
Name Bit Type Default Description
Sets two LSBs of the 7-bit I2C slave address
The five MSBs of the RAA271082 12C address bits are
opt_i2c_addr 7 FPRW 0x00 always 10011.
0 = Set 01 for LSBs. Slave address is 1001101 (Ox4D)
1 = Set 10 for LSBs. Slave address is 1001110 (Ox4E)
Set to 1 allows manual I2C control of regulators using
register 0x67 Bits 3:0. This bit can be set to 1 only by
factory programming.
If set to 1, register BUCK_LDO_EN (reg 0x67) can be
opt_EN_manual 6 FPRW 0x00 used for manual on/off control of the regulators.
0 = Prohibit I2C direct control of regulators. EN/EN_LV
sequencer is enabled.
1 = Allow I12C direct control of regulators using register
0x67. EN/JEN_LV sequencer is disabled.
30ms UV/OV low assertion persistence filter. This filter
applies to both OV and UV faults, and inserts a 30ms
delay on the RSTB response to a fault.
Note: This 30ms delay does not apply to fault response.
If the device is configured to shut down an output on a UV
opt_enUVOV_pgFilt 5 FERW 0x00 or OV fault, the fault triggers an immediately shut down of
the output, which may also drive the RSTB pin low
immediately before the 30ms timer has elapsed.
0 = Disable 30ms filter
1 = Enable 30ms filter
Transactional 12C CRC checking
0 = Disabled. No additional CRC bytes are inserted in
opt_use_12C_CRC 4 FERW 0x00 I2C transactions
1 = Enabled. Additional CRC bytes are inserted in 12C
transactions
RSTB low period and Hiccup wait time. This applies only
to WWDT faults and a Sequence fault. All other faults
) result in a 200ms RSTB low pulse.
opt_short_fault_wait 3 FERW 0x00 Note: The EN, EN_LV restart lockout time also follows
the below selection.
0=200ms; 1 =20ms
Select NOC threshold.
0=NOC =-0.8A, LSFLT = +1.8A
1=NOC =-1.0A, LSFLT = +1.8A
opt_NOCLimHigh 2 FERW 0x00 Note: LSFLT is an OC2 (overcurrent 2) detector for
Buck1 that detects a severe overcurrent fault in the
Buck1 low-side MOSFET. This is separate from the OC2
detector for Buck1 that detects severe overcurrent in the
high-side MOSFET.
Select among three OC1 levels for HV Buck 1
opt_OC1LimHigh 1 FERW 0x00 (OC1LimHigh,0C1LimLow = 1:0)
00 = 1.50A (default) x1=1.20A 10=1.75A
opt_OC1LimLow 0 FERW 0x00 See opt_OC1LimHigh description.
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8.2.22 MISC3_OPT - 0x7D

Name Bit Type Default Description
Options for LV Buck 3 Overcurrent limit
opt_LVBOC_buck3 7:6 FERW 0x00
Ox=1.20A 10=0.96A 11=1.56A
Options for LV Buck 2 Overcurrent limit
opt_LVBOC_buck2 5:4 FERW 0x00
Ox=1.20A 10=0.96A 11=1.56A
Reserved 3:2 R 0x0

Each output has an internal Power-Good signal that
reflects if the output is in regulation. Bits 1:0 determine
which outputs are ignored by the RSTB indicator if an
output moves outside its PGOOD (OV/UV) window.

When opt_seq = 0 (register 0x79 Bit 7 = 0):

= 00 = no PGOOD signal is ignored

= 01 =LD0O4 PGOOQOD is ignored

opt_pg_rstb 1:0 | FERW 0x00 » 10 = LDO4 and Buck3 PGOODs are ignored

= 11 = LDO4, Buck3, and Buck2 PGOODs are ignored
When opt_seq = 1 (register 0x79 Bit 7 = 1):

= 00 = no PGOOD signal is ignored

= 01 =Buck3 PGOOD is ignored

= 10 = Buck3 and Buck2 PGOODs are ignored

= 11 = Buck3, Buck2, and LDO4 PGOODs are ignored
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8.2.23 TRIM_CRC_LOW - 0x7E

Name Bit Type

Default

Description

trim_CRC_low_bit 7 | FERW

0x00

Bit 0 of CRC

Because the CRC-rechecker is actively checking all OPT

and TRIM bit values, any alteration of the OPT bits

triggers a CRC-recheck error within 5ms and shutdown
regulation. It also sets the CRC recheck fault bit, register

0x83 Bit 4.

Note: The CRC recheck fault bit, unlike other fault bits,

automatically clears if the cause of the fault is removed.

To modify factory-programmed options, use the following

procedure:

1. Set EN to Standby (EN = 1.5V). This places the device
in standby with no switching.

2. Alter all OPT bits as needed.

3. Write 0 to trim_CRC_low_bit (register 0x7E, Bit 7) and
0x00 to trim_CRC_high_bits (register Ox7F).

4. Wait 5ms. PMIC auto-calculates a new CRC value.

5. Read the auto-calculated crc_result_lo_bit (register
0xB6) and crc_result_hi_bits values (register 0xB7).

6. Write those values into the trim_CRC_low_bit (register
0x7E, Bit 7) and trim_CRC_high_bits fields (register
Ox7F).

7. Wait 5ms. The CRC recheck fault should clear (0x83
Bit 4 should now be zero) and the device can be
started with the new selected options, by setting EN
above 1.8V.

Reserved 6:0 R

0x0

8.2.24 TRIM_CRC_HIGH - 0x7F

Name Bit Type

Default

Description

trim_CRC_high_bits 7:0 | FERW

0x00

Bits 8:1 of CRC
See description of trim_CRC_low_bit
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8.2.25 FLT _STATUS_1 - 0x80

Name Bit Type Default Description
0 = No fault detected 1 = Fault detected
ot_fault 7 WOC 0x0 Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
Buck1 severe UV fault
buck1_severe UV._fault 6 W0C 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
Buck1 severe OV fault
bucki_severe_OV._fault 5 WoC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
Buck1 negative overcurrent fault
bucki_NOC._fault 4 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
Buck1 overcurrent fault 2
buckl_OC2_fault 3 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
Buck1 overcurrent fault 1
buck1_OCH_fault 2 WoC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
Buck1 overvoltage fault
buck1_OV_fault 1 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
Buck1 undervoltage fault
buck1_UV._fault 0 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
the fault was removed.
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8.2.26 FLT_STATUS_2 - 0x81

Name Bit Type Default Description
Buck3 negative overcurrent fault
buck3_NOC._fault 7 WoC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
Buck3 overcurrent fault
buck3_OC_fault 6 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
Buck3 overvoltage fault
buck3_OV._fault 5 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
Buck3 undervoltage fault
buck3_UV_fault 4 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
Buck2 negative overcurrent fault
buck2 NOC_fault 3 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
Buck2 overcurrent fault
buck2_OC_fault 2 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
Buck2 overvoltage fault
buck2_OV_fault 1 W0C 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
Buck2 undervoltage fault
buck2_UV._fault 0 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
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8.2.27 FLT_STATUS_3 - 0x82

Name Bit Type Default Description
Reserved 74 R 0x0
) ) Built-in Self Test diagnostic status
bist_fail 3 R 0x0 )
0 = Pass; 1 = Fail
LDO4 overcurrent fault
ldo4_OC._fault 9 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
LDO4 overvoltage fault
ldo4_OV_fault 1 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
LDO4 undervoltage fault
ldo4_UV._fault 0 WOC 0x0 0 = No fault detected 1 = Fault detected
Write 0 to clear the fault_status bit. Bit remains cleared if
fault was removed.
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8.2.28 FLT_STATUS_4 - 0x83

Name

Bit

Type

Default

Description

vdac21_gt90_fault

wocC

0x0

DAC2 to DAC1 Compare fault

VDAC21 > 90% fault error

0 = No fault detected 1 = Fault detected

DAC1 is the regulation DAC. DAC2 is the OV/UV monitor
DAC.

vdac12_gt90_fault

wocC

0x0

DAC1 to DAC2 Compare fault
VDAC12 > 90% fault error

0 = No fault detected 1 = Fault detected
DAC1 is the regulation DAC. DAC2 is the OV/UV monitor
DAC.

i2c_crc_fault

WoC

0x0

I2C transactional CRC fault
0 = No fault detected 1 = Fault detected

crc_recheck_fault

woC

0x0

CRC recheck Fault
0 = No fault detected 1 = Fault detected

This bit is continually updated at approximately 5ms
intervals.

seq_fault

WwoC

0x0

Enable/Disable Sequencer Fault

Set high in the unlikely event of incorrect output
sequencing.

0 = No fault detected 1 = Fault detected

wdt_restart_fault

woC

0x0

WWDT restart_fault. Activated when the WWDT reaches
2 times the upper (too-slow) window counter period
before receiving a kick.

0 = No fault detected 1 = Fault detected

wdt_slow_fault

WoC

0x0

WWDT slow_fault. Activated when the WWDT reaches
the upper (too-slow) window counter period before
receiving a kick.

0 = No fault detected 1 = Fault detected

wdt_fast_fault

wWoC

0x0

WWDT fast_fault. Activated when the WWDT detects
kicking is faster than the lower (too-fast) window counter
period.

0 = No fault detected 1 = Fault detected

8.2.29 FLT_LATCHOFF_RESTART - 0x84

Name Bit Type Default Description

Reserved 75 R 0x0
Latch-off LV regulator restart control
Read back of 1 indicates that a latch-off fault has

lo_flt_LV 4 WoC 0 occurred on a LV regulator (Buck2, Buck3, or LDO4).
Writing a 0 to this bit allows a LV regulators to restart from
a latch-off fault.
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Name Bit Type

Default

Description

Reserved 3:1 R

0x0

lo_fit HV 0 woc

Latch-off HV buck restart control

Read back of 1 indicates that a latch-off fault has
occurred on the Buck1 regulator. Writing a 0 to this bit
allows the Buck 1 regulator to restart from a latch-off
fault.

8.2.30 FLT_RESP_MASK1 - 0x85

Name Bit Type

Default

Description

Reserved 7 PRW

0x00

buck1_severe_uv_fault_resp_mask 6 RW

0x00

Buck 1 severe UV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6

1 = No response to fault

buck1_severe_ov_fault_resp_mask 5 RW

0x00

Buck 1 severe OV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6

1 = No response to fault

buck1_noc_fault_resp_mask 4 RW

0x01

Buck 1 NOC fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6

1 = No response to fault

buck1_oc2_fault_resp_mask 3 RW

0x00

Buck 1 OC2 fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6

1 = No response to fault

buck1_oc1_fault_resp_mask 2 RW

0x01

Buck 1 OC1 fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6

1 = No response to fault

buck1_ov_fault_resp_mask 1 RW

0x01

Buck 1 OV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6

1 = No response to fault

buck1_uv_fault_resp_mask 0 RW

0x01

Buck 1 UV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6

1 = No response to fault
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8.2.31 FLT_RESP_MASK2 - 0x86

Name

Bit

Type

Default

Description

buck3_noc_fault_resp_mask

RW

0x01

Buck 2 NOC fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault

buck3_oc_fault_resp_mask

RW

0x00

Buck 2 OC fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault

buck3 ov_fault_resp_mask

RW

0x01

Buck 2 OV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault

buck3 uv_fault_resp_mask

RW

0x01

Buck 2 UV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault

buck2_noc_fault_resp_mask

RW

0x01

Buck 2 NOC fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault

buck2_oc_fault_resp_mask

RW

0x00

Buck 2 OC fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault

buck2_ov_fault_resp_mask

RwW

0x01

Buck 2 OV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault

buck2_uv_fault_resp_mask

RwW

0x01

Buck 2 UV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B

Bits 7:6
1 = No response to fault
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8.2.32 FLT_RESP_MASKS - 0x87

Name Bit Type Default Description

Reserved 7:3 R 0x0

LDO4 OC fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6
1 = No response to fault

Ido4_oc_fault_resp_mask 2 RW 0x01

LDO4 OV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6
1 = No response to fault

Ido4_ov_fault_resp_mask 1 RW 0x01

LDO4 UV fault response mask

0 = Respond to fault per opt_hicn_lat, register 0x7B
Bits 7:6
1 = No response to fault

Ido4 _uv_fault_resp_mask 0 RwW 0x01

8.2.33 FLT_GPIO_EN1 - 0x8A

Name Bit Type Default Description

Over-temperature fault GPIO enable
ot2_fault_gpio_enable 7 RW 0x00 0 = Do not assert GPIO pin on fault
1 = Assert GPIO pin low on fault

Buck 1 severe UV fault GPIO enable
buck1_severe_uv_fault_gpio_enable 6 RW 0x1 0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Buck 1 severe OV fault GPIO enable
buck1_severe_ov_fault_gpio_enable 5 RwW 0x1 0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Buck 1 NOC fault GPIO enable
buck1_noc_fault_gpio_enable 4 RW 0x00 0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Buck 1 OC2 fault GPIO enable
buck1_oc2_fault_gpio_enable 3 RW 0x00 0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Buck 1 OC1 fault GPIO enable
buck1_oc1_fault_gpio_enable 2 RW 0x00 0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Buck 1 OV fault GPIO enable
buck1_ov_fault_gpio_enable 1 RwW 0x00 0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Buck 1 UV fault GPIO enable
buck1_uv_fault_gpio_enable 0 RW 0x00 0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault
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8.2.34 FLT_GPIO_EN2 - 0x8B

Name

Bit

Type

Default

Description

buck3_noc_fault_gpio_enable

RW

0x00

Buck 3 NOC fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

buck3_oc_fault_gpio_enable

RwW

0x00

Buck 3 OC fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

buck3_ov_fault_gpio_enable

RwW

0x00

Buck 3 OV fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

buck3_uv_fault_gpio_enable

RW

0x00

Buck 3 UV fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

buck2_noc_fault_gpio_enable

RW

0x00

Buck 2 NOC fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

buck2_oc_fault_gpio_enable

RwW

0x00

Buck 2 OC fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

buck2_ov_fault_gpio_enable

RwW

0x00

Buck 2 OV fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

buck2_uv_fault_gpio_enable

RW

0x00

Buck 2 UV fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault
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8.2.35 FLT _GPIO_EN3 - 0x8C

Name

Bit

Type

Default

Description

i2c_crc_fault_gpio_enable

RW

0x00

I2C fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

wdt_restart_fault_gpio_enable

RwW

0x00

WWDT restart fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

wdt_slow_fault_gpio_enable

RwW

0x00

WWDT slow fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

wdt_fast_fault_gpio_enable

RW

0x00

WWDT fast fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

crc_recheck_fault_gpio_enable

RW

0x00

CRC recheck fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Ido4_oc_fault_gpio_enable

RwW

0x00

LDO4 OC fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Ido4_ov_fault_gpio_enable

RwW

0x00

LDO4 OV fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault

Ido4_uv_fault_gpio_enable

RW

0x00

LDO4 UV fault GPIO enable
0 = Do not assert the GPIO pin on fault
1 = Assert GPIO pin low on fault
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8.2.36 FLT_RSTB_EN - 0x8D

Name Bit Type Default Description

Reserved 74 R 0x0

Sequencer fault RSTB enable
0 = Do not assert the RSTB pin on fault

1 = Assert RSTB pin low on fault, for the time defined by
opt_short_fault_wait register 0x7C Bit 3.

seq_fault_rstb_enable 3 RW 0x00

WWDT restart fault RSTB enable
0 = Do not assert the RSTB pin on fault

1 = Assert RSTB pin low on fault, for the time defined by
opt_short_fault_wait register 0x7C Bit 3.

wdt_restart_fault_rstb_enable 2 RW 0x00

WWDT slow fault RSTB enable
0 = Do not assert the RSTB pin on fault

1 = Assert RSTB pin low on fault, for the time defined by
opt_short_fault_wait register 0x7C Bit 3.

wdt_slow_fault_rstb_enable 1 RwW 0x00

WWDT fast fault RSTB enable
0 = Do not assert the RSTB pin on fault

1 = Assert RSTB pin low on fault, for the time defined by
opt_short_fault_wait register 0x7C Bit 3.

wdt_fast_fault_rstb_enable 0 RwW 0x00
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8.2.37 WWDT_CFG - 0xA0

Name Bit Type Default Description

WWDT enable: windowed watchdog timer enable control.
This bit should be set only after all of the WWDT control,
tick, and count registers have been initialized.

Note: This bit enables the fault response to WWDT fault,
as set by Bits 6:4. This bit does not enable or disable
detection of a WWDT fault. Detection of WWDT faults is
wwdt enable 7 RW 0x0 automatically enabled when a non-zero value is entered
B for the Counter values in registers 0xA1 and OxA2.
WWDT detected faults are reflected in the WWDT fault
status bits (register 0x83 Bits 2:0), even if fault response
to a WWDT fault is disabled.

0 = Timer disabled from fault response

1 = Timer enabled for fault response

WWDT fault mask. These bits select the WWDT faults
that trigger an output shut down. The wwdt_reg_dis_sel
bit (Bit 3) selects which regulators are disabled on
WWDT faults. 200ms after the shutdown completes,
wwdt_reg_dis 6:4 RW 0x0 regulators restart depending on the EN/EN_LV pin
values.

Bit 6 = 1 restart fault creates shutdown event

Bit 5 = 1 slow fault creates shutdown event

Bit 4 = 1 fast fault creates shutdown event

WWDT output shutdown select.

0 = EN (high voltage regulator enable) and EN_LV (low
voltage regulator enable) toggled. All outputs are shut
wwdt_reg_dis_sel 3 RW 0x0 down.

1 =EN_LV (low voltage regulator) toggled. Low voltage

outputs are shut down, high voltage regulator remains
enabled.

WWDT Lockout bit. If set, the device locks out all future
attempts to change or disable the WWDT registers,
including this bit. This protects against erroneous
reprogramming of the WWDT parameters. Locked out
registers include WWDT_CFG (0xA0), WWDT_LLW
wwdt lockout 2 w1s 0 (0xA1), and WWDT_ULW (0xA2). Writes to the kick
register KICK_REG (0xA3) are not locked out.

When this bit is set, the only way to reprogram or change
the WWDT settings is by cycling VIN1 or the EN input.

0 = WWDT programmable
1 = WWDT reprogramming locked out.

WWDT Kick selection - selects actions that can kick
(restart) the WWDT timer

Minimum pulse width high or low is 25ns for positive edge
GPIO kicks. The 12C kick register address is 0xA3.

kick_select 1:0 RW 0x0 0 = Negative edge GPIO pin kick or I2C kick_reg write
1, 2 = Positive edge GPIO pin kick or I2C kick_reg write
3 = 12C kick_reg write only

GPIO pin kick must have GPIO pin configured as input.
Refer to register 0xA4, Bit 2.
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8.2.38 WWDT_ULW - 0xA1

Name Bit Type Default Description

Reserved 7 R 0x0

Selects the timebase units for the WWDT upper window
(kicking is too slow) counter. This also sets the timing for
the WWDT Restart timer, which is twice the time for the
too-slow counter.

This register and the wdt_ulcnt bits below set the
threshold period for the too-slow kicking limit. Kicks less
frequent than this value are handled as a slow fault

condition.

This also sets the restart kicking limit, which is always 2x
wdt_ultick 6:4 RwW 0x0 the too-slow period.

0 = Upper window function disabled

1 = 10ps tick

2 =100ps tick

3 = 1ms tick

4 = 10ms tick

5 =100ms tick

6 = 1s tick

7 = Upper window function disabled

WWDT upper limit window counter value using the
timebase as selected in the wdt_ultick register.

Note: When this register has a non-zero value, detection
of the WWDT too-slow and restart faults is enabled.

wdt_ulent 3:.0 RwW 0x00

8.2.39 WWDT_LLW - 0xA2

Name Bit Type Default Description

Reserved 7 R 0x0

Selects the timebase units for the WWDT lower window
(kicking is too fast) counter.

This register and the wdt_llcnt bits set the threshold
period for the too fast kicking limit. Kicks more frequent
than this value are handled as a fast fault condition.

0 = Lower window function disabled

wdt_lltick 6:4 RW 0x0 1 = 10us tick
2 =100ups tick
3 = 1ms tick
4 = 10ms tick
5 =100ms tick

Others = Lower window function disabled

WWDT lower limit window counter value using the
timebase as selected in the wdt_lltick register.

wdt_llcnt 3:0 RwW 0x00 ] . )
Note: When this register has a non-zero value, detection
of the WWDT too-slow and restart faults is enabled.
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8.240 KICK_REG - 0xA3

Name Bit Type Default Description
WWDT kick register - when enabled using register OxAO
Bits 1:0, writing valid kick data to this register kicks the
kick_reg 7:0 w 0x00 WWDT.
Writing Ox2A kicks the WWDT
Writing other values does not kick
8.2.41 GPIO_CTRL - 0xA4
Name Bit Type Default Description
gpio_in 7 R 0x0 GPIO pin input value. Read-only.
gpio_out 6 R 0x0 GPIO output drive feedback.
Reserved 5 R 0x0
GPIO pin direct data output, used when gpio_out_sel
. below (Bits 1:0) is set to 2. This bit is used, when GPIO is
gpio_dout 4 RW 0x0 configured as an output, to force the GPIO pin to a logic 1
or 0.
Reserved 3 R 0x0
GPIO pin direction setting
0 = Open-drain output. Used when GPIO is used to
indicate fault status according the FLT_GPIO registers
gpio_dir 2 RW 0x0 0x8A, 0x8B, 0x8C.
1 = Input. Used to set the GPIO pin as an input. This can
be used as a kick for the WWDT, or as a separate input
which can be read using 12C. With GPIO configured as an
input, the input logic state is available on Bit 7.
GPIO pin output select
0 = GPIO output is driven high during PMIC initialization.
Open-drain drives low when initialization is complete.
gpio_out_sel 1:0 RW 0x0 1 = GPIO output drives low according to
FAULT_GPIO_ENABLE register selection.
2 = GPIO output is controlled by the gpio_dout bit.
3 = Output SYNC at 2.2MHz
8.242 RSTB_CTRL - 0xA5
Name Bit Type Default Description
Reserved 7 R 0x0
rstb_out 6 R 0x0 RSTB output drive feedback.
Reserved 5:4 R 0x0
RSTB pulses low when 1 is written to this bit.
Pulse width is controlled by opt_short_fault_wait
rstb_gen_pulse 3 wO 0x0 . I
When opt_short_fault_wait = 0, pulse is 200ms
When opt_short_fault_wait = 1, pulse is 20ms
Reserved 2:0 R 0x0
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8.243 CRC_RESULT_LO_BIT - 0xB6

Name Bit Type Default Description
cre result 1o bit 7 R 0x0 Bit 0 9f the 9-_b|t QRC result. Under fuse non-CRC error
- - - conditions, this bit should be a zero.
Reserved 6:0 R 0x0
8.2.44 CRC_RESULT_HI_BITS - 0xB7
Name Bit Type Default Description
orc_result_hi_bits 7:0 R 0x0 Bits 8 to 1 .o.f the 9-bit CRC result. Under fuse non-CRC
error conditions, these bits should be a zero.
8.2.45 TRIM_MISC - OxFE
Name Bit Type Default Description
Reserved 7:6 FPRW 0x0 -
LDO4 soft-start rate
0 = 20ps/step soft start (default) x 128 steps = 2.56ms
trim_LDO_SS 5:4 FPRW 0x00 1 = 40ps/step soft start (slow) x 128 steps = 5.12ms
2 = 100us/step soft start (slower) x 128 steps = 12.8ms
3 = 10us/step soft start (fast) x 128 steps = 1.28ms
HV Buck1 soft start rate
Values when the speedup_ss_10x test bit is set to 0.
When speedup_ss_10x is set to 1, the above SS rates
are ignored and a 0.9us/step (very fast) is used. Total soft
trim HV SS 3:2 EPRW 0x00 start time in this case will be 0.9us x 128 steps = 115us
0 = 20us/step soft start (default) x 128 steps = 2.56ms
1 = 40ps/step soft start (slow) x 128 steps = 5.12ms
2 = 100us/step soft start (slower) x 128 steps = 12.8ms
3 = 10pus/step soft start (fast) x 128 steps = 1.28ms
LV Buck2 and Buck3 soft start rate
0 = 20ps/step soft start (default) x 128 steps = 2.56ms
trim_LV_SS 1:0 FPRW 0x00 1 = 40ps/step soft start (slow) x 128 steps = 5.12ms
2 = 100us/step soft start (slower) x 128 steps = 12.8ms
3 = Reserved (factory use only)
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9. Package Outline Drawing
For the most recent package outline drawing, see L24.4x4K.

L24.4x4K

24 Lead Step Cut Quad Flat No-Lead Plastic Package (SCQFN)
Rev 2, 12/18
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10. Ordering Information

Part Package Description Pkg. .
Part Number(11[2] . . Carrier Typel3! Temp. Range
Marking (RoHS Compliant) Dwg. #
RAA271082A4HNP#AAQ Tray
271082
RAA271082A4HNP#HAO0 AdH 24 Ld SCQFN L24.4x4K Reel, 6k -40 to +150°C
RAA271082A4HNP#MAO0 Reel, 250

1. These Pb-free plastic packaged products employ special Pb-free material sets, molding compounds/die attach materials, and 100%
matte tin plate plus anneal (€3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering
operations). Pb-free products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of
IPC/JEDEC J-STD-020.

2. For Moisture Sensitivity Level (MSL), see the RAA271082 device page. For more information about MSL, see TB363.

3. See TB347 for details about reel specifications.

11. Revision History

Revision Date Description
Added test condition for PHASE2, PHASE3 Minimum On-Time specification.
1.04 Mar 5, 2025 )
Updated Figure 31.
Updated Table 1.
Updated Fault Response Options section.
Updated Output Soft-Start Ramp section.
1.03 Feb 17,2025 | Updated Undervoltage and Overvoltage Protection Thresholds section.
Updated RSTB section.
Updated FLT_STATUS_1 - 0x80, WWDT_CFG - 0xA0, and KICK_REG - 0xA3 register tables.
Added TRIM_MISC - OxFE register.
1.02 May 31, 2024 | Added note references to 12C Interface Specifications table.
1.01 Mar 1, 2024 | Added note reference for EN Shutdown Threshold Voltage specification on page 11.
1.00 Jul 13, 2022 Initial release.
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Notice

1.

10.

1.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Disclaimer Rev.5.0-1)

Contact Information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/

© 2025 Renesas Electronics Corporation. All rights reserved.
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