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This document gives guidelines for designing power-supply circuits for the R-Car S4 products by using the 
RAA271005 Power-Supply IC to implement standard control operations such as the sequences of turning the 
power on and off. 

Also, additional details on the power sequence for the R-Car S4 is referred to in the R-Car S4 Hardware User's 
Manual and Power Sequence Guide.

Target Device 
▪ RAA271005 

Target SoCs 
▪ R-Car S4-8, R-Car S4-4, R-Car S4N-8, R-Car S4N-4
Note: The R-Car series products listed above are hereinafter collectively referred to as "SoC".

Reference Document
▪ RAA271005 Datasheet
▪ RAA271005 Safety Application Note (SAN)
▪ RAA271041 Datasheet
▪ R19UH0161EJ0100, R-Car S4 Series User's Manual: Hardware
▪ R01AN7078EJ0100, R-Car S4 Power Sequence Guide
Note: References are for the latest published version, unless otherwise indicated.
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1. Overview

1.1 Block Diagram of a System Using SoC 
The RAA271005 contains five DC/DC switching regulators and six low-drop out linear regulators (LDO). These 
outputs are controlled by EN and PWR_CTL1(PWRCTL_MCUPLL), PWR_CTL2(PWRCTL_SOCISO) from the 
SoC. Figure 1 shows an example of connection with the SoC and the RAA271041 as the primary power supply.

Figure 1. Block Diagram of a System Using SoC and RAA271041 (Example)
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Table 1 shows an example of the Allocation of Power Supplies between the SoC and the RAA271005.

Table 1. The Allocation of Power Supplies between the SoC and the RAA271005 (Example)

Buck/LDO
Output Name

Buck/LDO
Output Voltage[1]

1. The Buck/LDO output voltages do not take into voltage drop on a wiring of PCB from ball of RAA271005 or inductor to ball of SoC. These 
voltage drops should be considered by system.

SoC Pin Name Other Connection

VOUT1 0.82V VDD, VDD_PCIE0, PCIE1,TSN,
VDD_UFS0, DDRPLL -

VOUT2 1.1V VDDQX_DDR LPDDR4X

VOUT3 0.82V VDD_CTL -

VOUT4 1.8V

VDD18_CPGPLL1,2,3,5,6
VDD18_OCO, TRNG
VDDQ18, VDDQ18_TSN, UFS0
VDDQ18_UFS0, PCIE0,PCIE1
VDDQ18_33_I2C,SPI,SDHI,TSN

NOR Flash, eMMC

VOUT5 0.6V VDDQVA_DDR LPDDR4X

LDO1 1.8V VDDQ18_HOCO,MTRNG
VDDQ18_CTL, CTLSYS -

LDO2 1.8V VDD18_CTLPLL -

LDO3 - - -

LDO4 3.3V VDDQ33 eMMC

LDO5 3.3V VDDQ33_CTLE1,2,CTLAVB -

LDO6 1.8V - LPDDR4X
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1.2 I/O Configuration 
The I/O supply voltage in RAA271005 is set by VIO, and the typical VIO voltage is 1.8V or 3.3V. Some I/O pins 
(IO6 to IO19) require a level shifter to align with the voltage of the SoC I/O pins.

Table 2. I/O Connections

RAA271005 SoC Level Shifter[1]

1. The Χ symbol indicates that a level shifter is required.

IO Number Pin Name Pin Name Power Domain VIO = 1.8V VIO = 3.3V

IO6 PGOOD PWRGD VDDQ18_CTLSYS Χ

IO7 SDI1 ERROROUT_#M VDDQ33_CTLE2 Χ

IO8 PRESET# PRESET# VDDQ18_CTLSYS Χ

IO9 SDO1 - -
Depends on system 

IO10 SDO2 - -

IO11 PRESETOUT PRESETOUT0 VDDQ33 Χ

IO12 SDI2 VMONOUT0 VDDQ18 Χ

IO13 EXTPOC# EXTPOC#0 VDDQ18_CTLSYS Χ

IO14 IRQ# INTP36 VDDQ33_CTLE1 Χ

IO15 SDI3 VMONOUT1 VDDQ18_CTLSYS Χ

IO16 SDI4 - - Depends on system 

IO17 PWR_CTL1 PWRCTL_MCUPLL VDDQ18_CTLSYS Χ

IO18 PWR_CTL2 PWRCTL_SOCISO VDDQ18_CTLSYS Χ

IO19 BKUP M0BKUP VDDQVA_DDR Χ Χ
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1.2.1 Protection GPIO
The GPIOs (IO7-IO12, 15, 16) are implemented in the Protection block. The OTP setting in Protection GPIOs 
(except PRESET) are initialized to default at Deep Stop mode, and the GPIOs in Protection (except PRESET) set 
the input and the no internal PU/PD resistor setting.

External pull-up or pull-down resistors are required to avoid floating on output pins in Deep Stop and Suspend-to-
RAM modes (if applicable) and to ensure the VIO current consumption is within target.

Table 3. Regulation and Protection GPIO

Location Pin Name Pin Mode: 0x0 Pin Mode: 0x1

Regulation

IO1 SCK SCL

IO2 SS_B2 SDA

IO3 SS_B GPIO

IO4 MOSI GPIO

IO5 MISO GPIO

IO6 PGOOD PGOOD

Protection

IO7 SDI1 SDI1

IO8 PRESET# PRESET#

IO9 SDO1 SDO1

IO10 SDO2 SDO2

IO11 PRESETOUT PRESETOUT

IO12 SDI2 SDI2

Regulation
IO13 EXTPOC# EXTPOC#

IO14 IRQ# IRQ#

Protection
IO15 SDI3 SDI3

IO16 SDI4 SDI4

Regulation

IO17 PWR_CTRL1 PWR_CTRL1

IO18 PWR_CTRL2 PWR_CTRL2

IO19 BKUP BKUP
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1.2.2 ADC3-5 Inputs
The RAA271005 uses a sophisticated multi-channel 12-bit SAR ADC to continuously monitor all output rails.

The monitoring system also measures up to 16 external signals by using 5 dedicated ADC pins. These ADC pins 
can be configured either as all analog inputs (ADC1-5), or ADC3-5 can be configured as an output that uses 
external multiplexers. 

Protection register 0x135 - ADCMON_EXT_CFG can be used to configure the external mux options. Refer to 
section 6 in the RAA271005 Datasheet for more detail on ADC monitoring.

ADC3-5 are forced to become outputs, and the outputs are low during the CVM test in SoC activation regardless 
of ADCMON_EXT_CFG. Refer to section 7 in the RAA271005 SAN for more detail on the CVM test or SoC 
activation. If any output on external devices connects with ADC3-5 and no external mux option, the output of the 
external device conflicts to the output of ADC3-5 during CVM test.

Do not connect with an output of external devices to ADC3-5 without a resistor. The resistor value should be set 
by the system.

Figure 2. ADC3-5 Connection with External Devices
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2. RAA271005 Power On/Off Requirements 

2.1 Power On Requirements
The RAA271005 has requirements for the power on sequence:

▪ To set On delay and slew rate of each Buck and LDO so that the internal PGOOD goes High after a protection 
BIST(TBIST). The protection BIST starts with EN at cold start or with PWR_CTL2 at warm start (see Figure 3 
and Figure 4).

▪ To set 1ms delay (IO_GPIO_2_DATAOUT_UP_DLY) in PGOOD to be high after the ADC detection results 
stabilize. (IIR = 1/16 case)

▪ To set On delay and slew rate of each Buck and LDO to complete the power-up of all Buck and LDO within 
64ms of P/U timer (TIMEOUT_PUSEQ_ST). 

Note: The slew rate of each Buck and LDO should be set appropriately to prevent overcurrent detection because 
of an inrush current at power-up.

Figure 3. Power Off to Full Run (Cold Start)
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Figure 4. DeepStop to Full Run (Warm Start)
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2.2 Power Off Requirements
The SoC requires that all power supplies are discharged below 0.2V at power off before restarting the rails. In 
RAA271005, set the discharge level (BUCKx_DISC_VTH/LDOx_DISC_VTH) to 150mV to ensure that the 
voltages are below 0.2V.

Figure 5. Discharge Behavior at Power Off
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3. RAA271005 PIN Connection

3.1 Connection of Buck1 Remote Sense Pins with SoC
When Buck1 is used for the core voltage of SoC, the Buck1 remote sense pins VOUT1 and RTN1 should connect 
as follows.

Connect the VOUT1 and RTN1 to SoC's VDD and VSS, respectively, and locate them around the center of the 
chip.

Important: Limit the PCB wiring resistance between VOUT1 and VDD (Rpcb) to less than 0.6Ω.

3.2 Recommended Handling of Unused Pins
The following sections and tables describe the recommended handling of unused pins.

3.2.1 GPIO Pins (IO3-5)
The IO3-5 pins can be configured as GPIO (General-purpose I/O). 

The recommended unused GPIO pin connection is different according to the GPIO direction setting.

3.2.2 IRQ# Pin(IO14)

3.2.3 ADC Pins

Figure 6. Connection of Buck1 Remote Sense Pins

Table 4. Handling of Unused GPIO Pins

Pin Name GPIO Direction Recommended Handling of Unused Pin

GPIOx
(x:1-3)

Input Connect to ground

Output Open

Table 5. Handling of Unused IRQ# Pin

Pin Name Pin Type Recommended Handling of Unused Pin

IRQ# Output Open

Table 6. Handling of Unused ADC Pins[1]

1. ADC3-5 can be configured to digital output to control external multiplexer.

Pin Name Pin Type Recommended Handling of Unused Pin

ADCx
(x:1-5) Input Connect to ground
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3.2.4 LDO Power Output Pins
The LDO configuration needs to set disable by OTP when it is unused.

3.2.5 GC Pin

4. Revision History

Table 7. Handling of Unused LDO Power Output Pins

Pin Name Pin Type Recommended Handling of Unused Pin

LDOOx
(x:1-6) Output Open

Table 8. Handling of Unused GC Pin

Pin Name Pin Type Recommended Handling of Unused Pin

GC Output Open

Revision Date Description

1.00 Oct 2, 2024 Initial release
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