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A new approach to solving problems
inherent in stop-start systems

ROHM took a novel approach for buck-boost DC/DC converters,
in which it has been difficult to achieve stable control, by developing
Quick Buck Booster® technology that delivers fast response,

industry-low* current consumption, and stable performance.

Utilizing this technology in our automotive buck-boost power supply
chipset contributes to greater design efficiency and stable operation
in ECUs used stop-start vehicle systems.

*ROHM October 2018 study

The challenges and necessity of buck-boost power supply
in automotive stop-start applications

The growing concern in recent years regarding the global environment and provide stable power to the ECU, but conventional buck-boost
has increased the demand for start-stop vehicles that stops the motor converters have been plagued with various problems in the past.
or engine while idle. Another issue is the need to restart the design process from the
However, this places a momentary large load on the system when beginning when the power supply is initially designed for buck only
restarting, requiring cranking which causes the battery voltage to drop. operation but then suddenly must switch to buck-boost operation
Therefore, a buck-boost converter is needed to prevent malfunctions (i-e. during testing).

Growing demand for lower current

consumption to accommodate
0L the increasing number of ECUs

adopted to handle the continued

Buck and boost operations
must be controlled separately

Slower response than buck
0l converters, requiring a large
capacitor for compensation

Problem

based on input voltage,

making control complicated . R
electrification of vehicle systems

Problems with stop-start vehicle systems: Battery voltage and ECUs(Electronic Control Units)

Engine Start Driving Idle (Engine Stopped) Engine Restart

Discharge side

Q Stop-start(idle stop) = Engine restart while stopped

e Load increase and battery voltage drop(cranking)
0 ECU power supply drops and resets : Cranking
0 ECU stop

Battery Voltage Battery Voltage

Buck Converter Buck-Boost Converter
Output Voltage Output Voltage
(ECU Power Supply) e (ECU Power Supply)

ECU : ECU

| Stop | Restart Operation
o Buck-boost converters
The buck converter stops the ECU Buck-boost converter required : 11} @ demand complex control and

Operation

during battery voltage cranking for stable ECU operation large capacitance capacitors



Flexible approach paves the way to
a revolutionary new technology

uick Buck Booster:

To solve these problems, ROHM leveraged analog design technology

and power system processes to develop Quick Buck Booster®, a breakthrough buck-boost technology

that utilizes original high-speed pulse control technology dubbed Nano Pulse Control®.

As a result, responsiveness was dramatically improved, making it possible to provide a common design for both buck

and buck-boost conversion while significantly reducing the capacitance of the output capacitor.

With Quick Buck Booster®

Slower than buck converters

Large capacitance output
capacitors required

Problem Buck-boost converter
response (

Difficult to selectively The minimum battery voltage will
Problem achieve buck and vary depending on the type of vehicle

buck-boost operation IC selection, phase design,)
board modifications

New method for maintaining a fixed boost ratio

Conventional buck-boost converters typically use a four-switch

Conventional Buck-Boost

configuration that combines 2 switches each for buck and boost
operation, requiring complicated control that utilizes individual PWM
(Pulse Width Modulation) signals for driving the buck and boost switches
based on input voltage. As a result, because the 2 ‘brains’ for buck and
boost must constantly carry out dialog, it becomes impossible to improve
response. In response, ROHM introduced a new approach that controls
only the buck side while fixing the boost ratio without controlling the
boost side. Eliminating the need to control the boost side results in only
one ‘brain’ left for control, making it possible to significantly improve
response to input voltage fluctuations.

Moving away from the trend towards single-chip solutions allowed ROHM
to provide a common design utilizing 2 chips to provide buck-boost

operation by adding an optional boost IC to a buck converter topology.

Quick Buck Booster® makes it possible

to switch to buck-boost power supply

while maintaining the characteristics of Buck Converter
BD8P250MUF-C

buck topologies that provide superior
pOicg P P No-Load Current Consumption
performance over conventional Shutdown Current 3

buck-boost converters. In other words, Min. Input Voltage

the characteristics of ROHM'’s high Operating Switching Frequency | 2.2MHz 2.2MHz operation while maintaining

performance buck converters can be © ° ° buck performance, which
Max. Output Current was not previously possible

LA
HA
8

used for buck-boost operation, Output Capacitance aaF
reducing current consumption along External Parts
with the size and number of capacitors. Spread Spectrum Function Available  (QEIIVES

Fast response equivalent to buck converters
(Lower capacitance output capacitors)

With Quick Buck Booster®

Converter

Buck Function

Boost Function

2 ‘brains’

complicate control

Buck-Boost Chipset
BD8P250MUF-C
+ BD90302NUF-C

8pA

Allows for a common design
for buck and buck-boost converters

Buck-Boost Converter
Utilizing Quick Buck Booster®
Technology

1 ‘brain’ enables
simple control, improving response

Conventional Product
Buck-Boost Converter
Approx. 30pA

ROHM'’s technology
achieves buck-boost

88pF or more

*1: When using a chipset equipped with the BD8P250MUF-C

*ROHM October 2018 study



Automotive Buck-Boost Power Supply Chipset SRR ITEE uiok Buck Boosere

Technology

Utilizing Quick Buck Booster® Technology BD90302NUF-C BD8P250MUF-C

Feature @ Improved buck-boost converter response reduces
output capacitance by half

FaSt ROHM'’s buck-boost power supply chipset with Quick Buck Booster® technology suppresses
Response output voltage fluctuations to +100mV, shortening fluctuation time considerably.
This ensures stable ECU operation during cranking.
In addition, it is possible to halve the capacitance of the capacitor connected to the output side
to improve response, contributing to lower costs and greater space savings.

The graph below shows the improved response characteristics,
assuming a drop in battery voltage from 12V to 4V for 10ps.

22pF x4

Vin voltage fluctuation : 12V &4V/10us 22pFx2

Vin 12V 12V
T —— A e s et
(5V/div) ) Conventional Product ROHM

PRISTLEIES SR
W \ N
£100mV fluctuation /MM Capacitance reduced from

88uF(22uFX4) to 44uF(22uFX2)

Vout

(200mV/div) i P
Buck Buck Boost Buck

Time(200ps/div) Fast response Reduces the number
maintains the output of output capacitors
voltage even during by half without
cranking! : sacrificing response

Conditions : ViN=12V ¢4V, Vout=5V, lout=0.4A, Freq.=2.2MHz, Vout=Vcc_EX, L=3.3pH, Coutr=22uFx2

) Achieves a common design for buck and buck-boost,
soummmmn simplifying power supply design

corr.'mon The BD8P250MUF-C can operate as a superior single-chip buck converter or as a buck-boost chipset by simply adding a

Des'g“@ dedicated boost IC. In keeping with the customer’s perspective, as shown in the diagram below by simply adding a dedicated
boost IC to the same board with same external parts, a common design for both buck and buck-boost operation is possible,
regardless of the minimum value of the battery voltage, which can vary depending on vehicle model. In addition, phase
compensation is built in to facilitate switching. This reduces the time and effort required for power supply design.

Buck Converter Configuration Buck-Boost Converter Configuration Dedicated Boost IC
BD90302NUF-C

Croor

Caoor

. N
VIN BOOT —' VIN BOOT —' { BD90302NUF-C }
BDGP2SOMUF-C L Vour BDBP250MUF-C L ! Vour
sw swz pvout+ .
VN
1 1
1
vee_ex = Cour vee, Exj;,j\:: rowo | ) Cour
en
crour CTLOUT]
ss Recoon
PGOOD. PGOOD
Crec

Easily switch between buck and buck-boost operation by using/not using ROHM’s |1 =1s:ls[¢ 2111 e dedicated boost IC Easily switch from
This allows for a common converter design, regardless of the minimum vehicle battery voltage buck to buck-boost

BD8P250MUF-C

Achieves a common design for buck and buck-boost converters
without the need for IC selection, phase design, or board modifications




Feature @ Providing a common board design reduces power supply
development load by 50%

. Utilizing a common board design reduces development load by 50% compared with
DeS|gn® conventional methods requiring separate designs for both buck-boost and buck power supplies, No need to start
since only one power supply needs to be considered and evaluated. from scratch
Enables flexible
development
Buck Power Supply Model A: Buck Circuit Board

Specification Power Supply| Power Supply . . Fe— N
pReview 4}‘ Review Evaluation | —| Set Design | Prototype | Evaluation Speceu\fluée\ilvon Buck+Buck-Boost Power Supply  Common Board for Models A and B
|Power Supply|Power Supply|_>| Set Design | Prototype | Evaluation |

Buck-Boost Power Supply Model B : Buck-Boost Circuit Board Suesiezien Review Evaluation
Specification Power Supply| Power Supply . .
Review —>‘ Review Evaluation | Set Design | Prototype | Evaluation Review

Different power supplies are studied and evaluated,
requiring separate board development for each model

Feature @ Reduces current consumption and significantly improves
efficiency at light loads

!lll_gh Leveraging proprietary low current consumption technology allows ROHM to achieve an exceptionally low no-load current consumption
Eﬁl("ency of 8uA when obtaining 5V output from 12V battery voltage. As a result, efficiency under light and no loads has been significantly
improved, achieving as much as 73% efficiency for both buck and buck-boost operation at an output load current of 0.1mA.

100.0%

80.0% The growing number of ECUs increases

the demand for low current consumption

80.0%
70.0%
60.0%
50.0%

Efficiency(%)

40.0%

Quick Buck Booster® enables
—— Buck-Boost Configuration: BD8P250MUF+BD90302NUF high efficiency(730/o) at an output

20.0% Buck Configuration: BD8P250MUF

100% - Buck-Boost Configuration : Standard Product |Oad current Of 0.1 mA

% o1 01 . 0 0w 100 for both buckand buck-boost converter configurations
lout(mA)

Conditions : ViN=12V, Vout=5V, Vour=Vcc_EX, Freq.=2.2MHz, L=3.3pH, Cout=22uFX2

30.0%

Feature ® Low noise that easily clears stringent international standards

Low noise is a requirement for DC/DC converters. The below graph shows the average and peak values for EMI when

obtaining 5V output from 12V input. As these products operate at 2.2MHz, noise peaks normally occur at 2.2MHz, 4.4MHz,
LOW EMI etc., but the built-in spread spectrum function applies a slight variation to the clock frequency, suppressing these peaks and

significantly reducing EMI. In addition, ROHM was able to sufficiently clear the stringent international CISPR 25 Class 5* standard.

— Peak Increasing demand for low EMI to meet
stricter noise standards

—— AMN(PK)
— AMN(AV)

Buck and buck-boost converter configurations
i, equipped with Quick Buck Booster® technology
A T T easily clears CISPR 25 Class 5* requirements

5M oM 20M 50M  108M

Frequency(Hz) *Specifies a method for evaluating noise generated from automotive electrical components
a Y for the purpose of protecting onboard receivers. The Class indicates the limits for the
peak and average values of noise.

Automotive-Grade Low EMI Buck/Buck-Boost DC/DC Converters with Quick Buck Booster® Technology

Supply Output  No-Load Current Output Voltage Operating ~ Max. Output Operating Automotive
Part No. Voltage Voltage Consumption Accuracy Frequency Current Temperature Package Grade
V) (W) (HA) (%) (MH2) (A) (§©)] (AEC-Q100 Qualified)

1\'zl77 BD8P250MUF-C VQFN24FV4040
Buck-Boost aF 2.7 10 36 . . -40to +125
(Chipset) 1\'z77 BD90302NUF-C VSON10FV3030

(Dedicated Boost IC)

Buck 1/Z77 BD8P250MUF-C | 3.5 to 36 . -40to +125 | VQFN24FV4040




1) The information contained in this document is current as of October, 2018.

2) The information contained herein is subject to change without notice. Before you use our Products, please contact our sales representative (as listed below) and verify the latest specifications.

3) Although ROHM is continuously working to improve product reliability and quality, semiconductors can break down and malfunction due to various factors. Therefore, in order to prevent personal injury or fire arising from failure,
please take safety measures such as complying with the derating characteristics, implementing redundant and fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no responsibility for any
damages arising out of the use of our Products beyond the rating specified by ROHM.

4) Examples of application circuits, circuit constants and any other information contained herein are provided only to illustrate the standard usage and operations of the Products.The peripheral conditions must be taken into account
when designing circuits for mass production.

5) The technical information specified herein is intended only to show the typical functions of and examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly, any license to use or exercise
intellectual property or other rights held by ROHM or any other parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of such technical information.

6) The Products are intended for use in general electronic equipment (i.e. AV/OA devices, communication, consumer systems, gaming/entertainment sets) as well as the applications indicated in this document.

7) The Products specified in this document are not designed to be radiation tolerant.

8) For use of our Products in applications requiring a high degree of reliability (as exemplified below), please contact and consult with a ROHM representative: transportation equipment (i.e. cars, ships, trains), primary communication
equipment, traffic lights, fire/crime prevention, safety equipment, medical systems, servers, solar cells, and power transmission systems.

9) Do not use our Products in applications requiring extremely high reliability, such as aerospace equipment, nuclear power control systems, and submarine repeaters.

10) ROHM shall have no responsibility for any damages or injury arising from non-compliance with the recommended usage conditions and specifications contained herein.

11) ROHM has used reasonable care to ensure the accuracy of the information contained in this document. However, ROHM does not warrant that such information is error-free and ROHM shall have no responsibility for any damages
arising from any inaccuracy or misprint of such information.

12) Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS Directive. For more details, including RoHS compatibility, please contact a ROHM sales office as listed below.
ROHM shall have no responsibility for any damages or losses resulting non-compliance with any applicable laws or regulations.

13) When providing our Products and technologies contained in this document to other countries, you must abide by the procedures and provisions stipulated in all applicable export laws and regulations, including without limitation the
US Export Administration Regulations and the Foreign Exchange and Foreign Trade Act.

14) This document, in part or in whole, may not be reprinted or reproduced without prior consent of ROHM.
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ROHM Sales Offices Contact us for further information about the products.
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