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The RAA271041 is a controller for a dual regulator 
system capable of supporting ASIL-D automotive 
systems that must operate during battery dropout 
conditions. The Channel 2 Boost regulator maintains 
the voltage rail supplying the downstream Channel 1 
Buck regulator, allowing the Buck output to maintain 
regulation during a battery dropout event such as cold 
cranking. 

For cold crank applications, the Channel 2 Boost has 
an adjustable output and is active when the VBAT 
input voltage falls below a user-programmable 
threshold. If the VBAT input is above the 
user-programmed threshold, the Boost controller 
offers a Boost Bypass mode in which the high-side 
MOSFET of the Boost channel is held on and the 
VBAT input voltage is passed directly to the Boost 
output. The Boost channel can also be configured as 
a standalone Boost, which is always on.

The Boost output from Channel 2 supplies the input 
for Channel 1 buck. The Buck can be configured 
either as fixed 5V or fixed 3.3V output or as an 
adjustable output from 0.8V to 12V using a resistor 
divider from VOUT1 to FB1 to ground.

The RAA271041 requires a minimum input voltage of 
6V for start-up. The Channel 2 Boost has an input 
range from 2.2V to 42V, while the Channel 1 Buck has 
an input range from 3.5V to 42V.

The RAA271041 Buck channel can operate in Energy 
Conservation Mode (ECM) to provide a low IQ mode by 
reducing quiescent current draw to 6µA (typical) when 
no external load is applied. The Buck and Boost 
switching frequencies are factory programmed to 
400kHz or 2.2MHz. Optional spread spectrum 
operation allows for a reduction of EMI and noise 
levels.

Features

▪ ASIL-D Functional Safety

▪ 40V Boost and Buck integrated driver controller

▪ FET drivers support source/sink current of 2A/3A

▪ Low IQ with ECM mode of 6µA typical

▪ Separate Wake (Enable) inputs for each channel

▪ Minimized FET ON and OFF times (20ns 
and 50ns)

▪ Optional pseudo-random spread spectrum clocking

▪ Buck frequency options 400kHz or 2.2MHz

▪ Boost frequency options 400kHz or 2.2MHz 
(2.2MHz requires Buck frequency at 2.2MHz)

▪ VBATS sense for boost enable during cold crank

▪ Boost Bypass mode (with buck in CCM)

▪ External synchronization via SYNC pin

▪ Dual over-temperature protection monitors

▪ 6x6mm 36Ld SC-QFN package

▪ AEC-Q100 grade 1 qualified

Functional Safety Features
▪ Built-In Self Test (BIST) at power up

▪ Recurring checks: internal references, PWM clock, 
system clock, PGND/AGND connection, dual 
over-temperature monitor, ECM exit delay, VCC 
supply.

▪ Independent references and feedback sense paths 
for Buck and Boost OV/UV detection

▪ Independent fault indicators for Buck and Boost

▪ Fail-safe output, logic high indicates a trusted 
device state with all safety monitors active.

Applications

• Automotive battery supplied applications

• In cabin systems 

• ADAS: Advanced Driver Assist Systems

• Start-stop protected systems (such as head unit, 
cluster, e-Mirror)

RAA271041
Cold Crank Boost and Buck Controller with Drivers for ASIL-D Automotive Applications

https://www.renesas.com/RAA271041
https://www.renesas.com/aec-q100
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1. Overview

1.1 Typical Application Schematic

Figure 1. Typical Cold Crank Applications Schematic (Channel 1 Fixed at 5V)
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1.2 Block Diagram

Figure 2. Block Diagram
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2.  Pin Information

2.1  Pin Assignments

2.2  Pin Descriptions

Top View

Pin 
Number

Pin 
Names Description

1 FB2S Fault detection sense input for Channel 2 Boost regulator. Connect to a resistor divider from Channel 2 Boost 
output to the TERM pin. For ASIL protection, this resistor divider must be a separate copy of the divider used for 
the FB2 pin.

2 FB2 Regulation feedback pin for Channel 2 adjustable-output Boost regulator. Connect to a resistor divider from 
Channel 2 Boost output to the TERM pin. FB2 is regulated to 0.8V. 

3 WAKE2 Enable input for both channels for Enable Fuse option 1. Enable input for Channel 2 only for Enable Fuse option 
2. Logic high activates the enable.

4 FB1 Regulation feedback pin for Channel 1 Buck regulator. For fixed output voltages of 5.0V or 3.3V, this pin connects 
directly to the output of Channel 1 buck. For adjustable output, this pin connects to a resistive divider from 
Channel 1 output to ground, and the FB1 voltage is regulated to 0.8V.

5 FB1S Fault detection feedback pin for Channel 1 Buck regulator. For fixed output voltages of 5.0V or 3.3V, this pin 
connects directly to the output of Channel 1 Buck. 
For adjustable output, this pin connects to a resistive divider from Channel 1 output to ground. For ASIL 
protection, this resistor divider must be a separate copy of the divider used for the FB1 pin.

6 SGND SGND for customer use; IC for internal use.

7 COMP1 Loop compensation pin for Channel 1 with a resistor/capacitor network connected to ground, to provide control 
loop compensation for Channel 1 Buck regulator.

32 31 30 29

1

2

3

4

5

6

7

8

24

23

22

21

20

19

FB2S

FB2

WAKE2

FB1

FB1S

SGND

COMP1

SGND

HS2

LX2

LS2

PGND

VCC

LS1

LX1

S
Y

N
C

N
C

T
E

R
M

W
A

K
E

1

IS
E

N
2

P

IS
E

N
2

N

V
IN

B
O

O
T

2

9

10 11 12 13 14 15 16

F
S

O
B

F
L

T
2B

E
X

T
_E

N

S
G

N
D

IS
E

N
1

N

IS
E

N
1

P

N
C

F
L

T
1B

PGND

28

COMP2

18
B

O
O

T
1

HS1

17

27

26

25

36 35 34 33

V
B

A
T

S

EXTSUP



R33DO0006EU0100 Rev.1.00  Page 6
Sep 28, 2021

RAA271041 Short-Form Datasheet

8 SGND SGND for customer use; IC for internal use.

9 COMP2 Loop compensation pin for Channel 2 with a resistor/capacitor network connected to ground. Provides control 
loop compensation for Channel 2 Boost regulator.

10 FSOB Fail-Safe Output (Indicator). Asserted high indicates the device is in a Trusted State and all safety monitors are 
active. 

11 FLTB2 Open-drain Fault Indicator for Channel 2 (Boost). Output low state indicates a Channel 2 fault.

12 FLTB1 Open-drain Fault indicator for Channel 1 (Buck). Output low state indicates a Channel 1 fault.

13 EXT_EN Open-drain indicator for Channel 1. Open state indicates that Channel 1 buck is enabled and is operating in 
regulation.

14 SGND Analog GND for the IC. Connect to the PGND pin and device PAD using PCB copper on the same layer as the 
device. 

15 ISEN1N Negative input to Channel 1 Buck output current sense. Connect to the output voltage of Channel 1.

16 ISEN1P Positive input to Channel 1 Buck output current sense. Connect through an R-C filter to the positive (inductor) side 
of the Channel 1 output current-sense resistor.

17 NC Leave this pin unconnected to allow proper node clearance.

18 BOOT1 Floating supply voltage for Channel 1 high-side MOSFET gate driver.   Connect to a ceramic capacitor that 
connects from BOOT1 to LX1. The capacitor is charged through an external diode connected to VCC through an 
R-C filter.

19 HS1 Output of Channel 1 high-side MOSFET gate driver.

20 LX1 Channel 1 switch node and return path for the high-side MOSFET gate driver between BOOT1 and LX1.

21 LS1 Output of Channel 1 low-side MOSFET gate driver; switches between VCC and GND.

22 VCC Bias supply (5V typical) for the IC and the MOSFET gate drivers. Decouple with a 10µF ceramic capacitor. This 
pin is supplied by the internal LDO during start-up. After initial start-up, the bias voltage can be supplied from 
either the buck 5V output or an external supply, using the automatic switchover feature of the EXTSUP pin.

23 EXTSUP Input to the automatic switchover circuit for the VCC bias supply. EXTSUP accepts an external 5V supply derived 
from either a Channel 1 output of 5V or an independent 5V supply.   External bias should not be applied to 
EXTSUP until VIN has exceeded the initial start-up voltage; however, a voltage such that EXTSUP - VIN < 0.5V 
can be tolerated.

24 PGND Connection point for power ground of the switching circuits for Channel 1 and Channel 2, and is the return path for 
the low-side MOSFET gate drivers.

25 LS2 Output of Channel 2 low-side MOSFET gate driver, switches between VCC and GND.

26 LX2 Channel 2 switch node, also is the return path for the high-side MOSFET gate driver between BOOT2 and LX2.

27 HS2 Output of Channel 2 high-side MOSFET gate driver.

28 BOOT2 Floating supply voltage for Channel 2 high-side MOSFET gate driver.   Connect to a ceramic capacitor that 
connects from BOOT2 to LX2. The capacitor is charged through an external diode connected to VCC through an 
R-C filter.

29 VIN Connected to the high voltage input supply for the buck regulators, and is normally supplied from the vehicle 
battery. This pin is decoupled using a 0.1µF or larger ceramic capacitor.

30 ISEN2N Negative input to Channel 2 Boost input current sense. Connect through an R-C filter to the negative (inductor) 
side of the Channel 2 input current-sense resistor.

31 ISEN2P Positive input to Channel 2 Boost input current sense. Connect to the positive side of the Channel 2 input 
current-sense resistor, typically connected to VBAT, which is the DC input voltage. 

32 WAKE1 Enable input for Channel 1 Buck.

33 TERM Open drain pull-down for the bottom side of the FB2 and FB2S resistor dividers. This pin becomes open (float) 
when the boost converter is disabled to eliminate power loss in the FB2 and FB2S resistor dividers.

Pin 
Number

Pin 
Names Description
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34 VBATS VBAT sense input sets the boost turn-on threshold for when the battery input falls below normal, such as during 
Cold Crank. Connect to a resistor divider to set the voltage threshold, which enables the boost channel. VBATS 
threshold is 1.0V.

35 NC No Connect.

36 SYNC Synchronization input and operating mode control. 
Connect to VCC to force the part into Fixed frequency Continuous Conduction Mode (FCCM) operation using the 
internal oscillator.
Connect to GND to allow the controller to automatically switch between FCCM, Diode Emulation Mode (DEM), or 
ECM mode, depending on load current. The pin can be switched during operation (VCC to GND, or GND to VCC) 
to change the operating mode. 
To synchronize switching to an external clock, connect to an external clock at 400kHz or 2.2MHz.

37 EPAD Bottom pad. Connect to PGND and SGND under the IC. Connect to internal PCB GND layers using multiple vias.

Pin 
Number

Pin 
Names Description
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3.  Package Outline Drawing
For the most recent package outline drawing, see L36.6x6D.

L36.6x6D
36 Lead Step Cut Quad Flat No-Lead Plastic Package (SCQFN)
Rev 0, 12/20

https://www.renesas.com/us/en/document/psc/l366x6d-36-lead-step-cut-quad-flat-no-lead-plastic-package-scqfn
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4.  Revision History

Revision Date Description

1.00 Sep 28, 2021 Initial release. 
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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 
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each Renesas Electronics product depends on the product’s quality grade, as indicated below.
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Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas 
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ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
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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.

8. 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.

9. 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.

10. 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
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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.

11. 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.

12. 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.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas

Electronics products.
(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled 

subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Disclaimer Rev.5.0-1  October 2020)

Corporate Headquarters Contact Information
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

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/

Trademarks
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