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Power Supply Requirements the Drive Automotive Evolution
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Switching Regulator (DC/DC) Linear Regulator (LDO)

Buck / Boost / Buck-Boost Simple circuit configuration
Features (Depends on model) Less external parts = Lower total cost
Many external parts = Higher total cost (vs DC/DC)

High conversion efficiency = Low heat generation Low conversion efficiency = High heat generation

Voltag_e PWM (width) / PEM (frequency) = Significant noise Resistor divider = Low noise
Generation
. Contributes to greater energy savings, suitable for Low noise, low-cost solution
Applications . :
both low and high power systems Ideal for low power devices

ROHM Power Supply IC Advantages

{ Effective Anti-Noise Technology ' { Superior Heat Dissipation Technology'

Noise Characteristics - Tolerance > P25-27 Thermal Resistance - Characteristics > P23,24
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Automotive Step-Down Switching Regulator Lineup
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*Under development
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Automotive Step-Down Switching Regulator Product Family

AEC-Q100 Qualified

Control Mode

Quiescent
Current

A\ A\ A\
Control Mode Control Mode Control Mode
Voltage Current Current
Mode Mode Mode
Fixed Variable
/ \ 4 / \ 4 \ 4
BD9035AEFV-C BD9015KV-M BD99010EFV-M BD9060F-C BD90640EFJ-C BD90532EFJ-C BD90540EFV-C

0.8-13V, 100k-600kHz

P8,12

0.8-10V, 250k-550kHz
Low-side FET OFF
in Protected Mode

BD9016KV-M
0.8-10V, 250k-550kHz
Low-side FET ON
in Protected Mode

P8

3.3V,2.0A,200-500kHz

BD99011EFV-M
5.0V,2.0A,200k-500kHz

P5,6,8

BD9060HFP-C
0.8-VIN,2.0A,50k-500kHz

P8

BD90640HFP-C
0.8-VIN,4.0A,50k-600kHz

BD90620EFJ-C

BD90620HFP-C
0.8-VIN,2.0A,50k-600kHz

BD90610EFJ-C
0.8-VIN,1.0A,50k-600kHz

BD90730NUX-C
(% Under development)
0.8-TBD,3.0A,
100k-2400kHz

P7,8

1.2V, 3.0A, 2.25MHz

BD90522EFJ-C
1.2V, 2.0A, 2.25MHz

BD90571EFJ-C
1.2V, 1.0A, 2.25MHz

BD90535EFJ-C
1.5V, 3.0A, 2.25MHz

BD90525EFJ-C
1.5V, 2.0A, 2.25MHz

BD90538EFJ-C
1.8V, 3.0A, 2.25MHz

BD90528EFJ-C
1.8V, 2.0A, 2.25MHz

P9-11

BD90540MUV-C
(% Under development )
Variable, 4.0A,
0.3M-2.4MHz

BD90530EFV-C

BD90530MUV-C
(% Under development )
Variable, 3.0A,
0.3M-2.4MHz

BD90520EFV-C

BD90520MUV-C
(% Under development )
Variable, 2.0A,
0.3M-2.4MHz

P9-11

Primary Switching Regulators Secondary Switching Regulators

Automotive Regulator Selection Guide
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Low Quiescent Current Solutions

The BD99010EFV-M and BD99011EFV-M are low Iq step-down DC/DC converters that
integrate a power MOSFET and provide 3.3V and 5V output, respectively.

SLLM™ (Simple Light Load Mode) is included, ensuring low current consumption and
high efficiency at light loads as well as high efficiency during heavy loads while providing
regulated output voltage. In addition, the ICs are compliant with automotive standards
and support a maximum voltage of 42V.

A minimum input voltage of 3.6V maintains output when cold cranking, and current
mode control delivers fast transient response and easy phase compensation. Both
models are available in a HTSSOP-B24 package, making them ideal for applications
requiring few external components and a small PCB footprint.

3.3V, 2A
7

12V BD99010EFV-M MCU, CAN

A4

Battery

5.0V, 2A

BD99011EFV-M MCU, CAN

Product Overview: BD9901xEFV-M

Low Quiescent Current %
® Low quiescent current: 22pA (Typ.)
High Efficiency

HTSSOP-B24
® Synchronous rectification (No external Schottky diode required)
® Simple Light Load Mode (SLLM™)
Supports Cold Cranking Operation (3.6V Operation)
® Input voltage range: 3.6V to 35V (42V rating)
(Initial startup over 3.9V)

@ Output voltage: 3.3V*2% (BD99010EFV-M)

5.0V£2% (BD99011EFV-M)
@ Switching output current: 2A (Max.)
® Switching frequency: 200k to 500kHz
® Integrated switching FET: Pch 170mQ (Typ.), Nch 130mQ (Typ.)

® Soft Start built in

® Enable pin compatible with CMOS logic and battery voltages

® Forced PMW Mode function

@ Current Mode control with external compensation circuit

® Over Current/Short Circuit protection, VOUT Over Voltage protection,
Under Voltage Lock Out, and thermal protection circuits

Primary Switching Regulators (BD9901xEFV-M Series)

Current

BD9901XEFV-M
Y X PGND 2 PGND|
ViN . 21 PVIN PGND =
l L] PVIN PGND =
4 21 =
2204F — — PGND 10,
+4.7uF 5 VIN SW 20
0.1F & sw B 22uF
oo Tt ; VREGB -ij x3
e 9_ REG_L 16 PGND—
RT VOuT
01 comp EN 2 CEN
33 11 14
75kQ F 1 °5 " GND -13
REG FPWM EPWM
10'(30I 1p|:f
p | |
G=D GﬁD GﬁD GﬁD GﬁD PG=ND

BD9901XEFV Application Circuit

100 100
90 / ~ 95
80
g0 LStm L —
- / 7 I
5% (o / / 717
5 50 / < 80
2 8 PWM
E 40 / / E 75
0 / VIN=13.2V
VIN=13.2V 70 = -
20 B f=400kHz [ I =400kHz
10 i i 85 (
0 60
001 01 1 10 100 1000 10000 0 500 1000 1500 2000
loap Log scale [mA] lLoan Linearscale [mA]

BD99011EFV-M Efficiency vs Load Current BD99011EFV-M Efficiency vs Load Current
VIN=13.2V, VOUT=5.0V (Log scale) VIN=13.2V, VOUT=5.0V (Linear scale)
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SLLM™ (Simple Light Load Mode) Control

During lighter loads operation automatically switches to Simple Light Load
Mode (SLLM™), which utilizes PWM control and compares the output voltage to
an internal reference voltage. When the output voltage drops below the
reference voltage switching pulses are output to increase the voltage above the
reference level, after which the SW output turns off and the controller goes into
a very low current consumption standby mode until the output voltage dips
below the reference voltage again.

When the time between switching pulse skips becomes short the devices

exit SLLM™ mode and resume normal continuous switching operation. The
load level of the switching pulse skip can be adjusted by the input voltage

and inductor value.

CURRENTSENSE
PWM
SLOPE] Comp \
N\ _RESET
Err Amp R Q> —Ci
= SET by
S Driver Vv,
COMP Logic W > Vour
0SC =

T T

Current Mode PWM Control Diagram

Goe ,4’!_‘_;\=4ﬂﬂiww T I-|/I-|/LI/I_I/::C$;ZE
ot Lt ee et b 1 e
e 1 T I I
sw | : sw__ .MGND
HLaP I I . I
n—/\ /\ ! \/ \/ \/ E\‘/IWE)

SLLM Switching Timing Chart

Not switching

Automotive Regulator Selection Guide

PWM Switching Timing Chart

TekFr |

: 0 _ Tek A | £ i : | U Hits5
u 1 ]
L FPWM
: FPWM 5Vidiv = 4
5V/diy

SwW

10V/div

Chi_s.0ov

ch3T00mv ™ |

",
W

BD99010ERV-M Mode Transition

Tek &t |

(SL

to PWM)

VOouT

(AC coupled)
100mV/div

Ch1[_5.00V_8iCh2[ 10.0V___M4.00ms] Al Chl S 3.20V
@E_100mvV Yy |

BD99011EFV-M Mode Transition
(SLLM to PWM)

VouTt

\
1

|

£

Dl ({AC coupled) m e}

i | m

' W{,‘aw.‘mw

& 20.0mv

WVAMCh2 500V M4.00us] Al Ch2 . 5.60 V

SW and VOUT Waveforms at SLLM

(Light load)

({AC couRIed)

VouTt

’m 2040mV".'thﬂ 5.00V__ M4.00us) a ThZ L S.60V

1

I
L

SW and VOUT Waveforms at PWM

(Heavy load)

SLLM™ control at light loads differs from regular PWM, resulting in higher output ripple voltage.
Also, during SLLM™ the transient response for heavy loads is slower.

Technology for the automotive future



Low Voltage Operation Solutions

The BD906xXEFJ-C series of step-down switching regulators integrate a high voltage
power MOSFET and make it possible to easily set the operating frequency via external
resistor. Features include wide input voltage (3.5V to 36V) and operating

temperature (-40°C to +125°C) ranges, along with an external synchronization input pin
that enables synchronous operation via external clock.

Primary Switching Regulators (BD906xxEFJ-C Series)

Low Voltage
Operation

In addition, the internal Pch MOSFET can operate at 100% ON duty to ensure stable DL IRIEAING 15pH
operation even during severe battery drops during conventional cranking or idling stop PVIN SW —%f’"" 1 + > vo
operation. D1 221HxX2
VIN < j=: 430 OPEN
VIN
Variable, 1A
BDY0610EF)-C  H—rroe: MCU, CAN e i FB
12v L RT
- i 100pF 27kQ
Battery > sgggg;gﬁig ((:: Variable, 24 MCU, CAN VEN/SYNC P ;L_ 4 8.2kQ
- D EN/SYNC Ve —w—] |__|
BD90640EFJ-C | Variable, 4A |\ can GND 20K 470007 = =
BD90640HFP-C ' T
Product Overview: BD906xxEFJ-C/HFP-C BDY06XXEFJ-C Application Circuit
Wide Input Voltage Range )
® [nput voltage range: 3.5V to 36V (42V rating) Q
(Initial startup over 3.9V) ’ = 100
® Built-in Pch FET enables 100% duty HTSOPJ-8 ‘ 90
® Circuit current at shutdown: OpA (Typ.) BD906xXEFJ-C 80
® Reference voltage: 0.8V£2% (Ta: -40°C to +125°C) L 70 /
0.8V=*1% (Ta: 25°C ) S 6o l\:;grz Zb\t;ve
® Switch output current: 1.25A Max. (BD90610EFJ-C) IS 5 Vo=33V
2.5A Max. (BD90620EFJ-C/HFP-C) |8
4A Max. (BD90640EFJ-C/HFP-C) N E
@ Switching frequency: 50k to 600kHz —— NCReSVL\IIIItaioIrng g 30 [ BD90B40EFI-C lo<3.34A . 13‘2\/
® Intemal switching FET: Pch 160mQ (Typ.) \ e 20 | BDO0GIOEFLC o0 59A  fon = 500 kiz
: @ Ta=25°C
® Soft Start function & Output voltage drop is small even if *;;-_L 10 - ‘ ? |
® Enable pin compatible with CMOS logic and battery voltages ’ the Input Voltage = Output Voltage”. | 0
= Fr—r——r——— 1 2 3

® Current mode control with external compensation circuit HRP7 —

® Over Current/Short Circuit protection, Under Voltage Lock Out, BD906xxHFP-C
and Thermal Shutdown circuits

BD906xxEFJ-C Output Waveform

in Input Voltage Change

Automotive Regulator Selection Guide Te Ch nolo g y for the automo tive future
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BD906xxEFJ-C Efficiency vs Load Current
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Selectio

BD9015KV-M 2 Ext. Nch Ext. = 3:9 30 Variable (0.8-10) +1.5 250 ~ 550 +10 Current 4 v e 4 = v -40 ~ 105
BD9016KV-M 2 Ext. Nch Ext. Nch - 3.9 30 Variable (0.8-10) +1.5 250 ~ 550 + Current 4 v | v - v | -40 ~ 105
BD99010EFV-M 1 Pch (170mQ) |Nch (130mQ) 2.0 3.6 35 83 (£2.0) [200 ~500| =£20 |Current| 0.02 - C A 4 v | -40 ~ 105
BD99011EFV-M 1 Pch (170mQ) |Nch (130mQ) 2.0 3.6 35 5.0 (*£2.0) 200 ~ 500 + Current 0.02 - - - | v v -40 ~ 105
BD9060F-C 1 Pch (300mQ) - 2.0 5.0 35 | Variable (0.8-VIN) +2.0 50 ~ 550 + Voltage 4.5 -l v ] - - - - -40 ~ 125
BD9060HFP-C 1 Pch (300mQ) - 2.0 5.0 35 | Variable (0.8-VIN) +2.0 50 ~ 550 +5 Voltage 45 -l - - - - -40 ~ 125
BD90640HFP-C 1 Pch (160mQ) - 4.0 85 36 | Variable (0.8-VIN) +2.0 50 ~ 600 + Current 2.2 - | v - - - -40 ~ 125
BD90640EFJ-C 1 Pch (160mQ) - 4.0 a5 36 | Variable (0.8-VIN) +2.0 50 ~ 600 | = Current 2.2 I A A - - -40 ~ 125
BD90620HFP-C 1 Pch (160mQ) = 25 BI5 36 | Variable (0.8-VIN) +2.0 50 ~ 600 + Current 2.2 = ' 4 = = = -40 ~ 125
BD90620EFJ-C 1 Pch (160mQ) - 25 BI5 36 | Variable (0.8-VIN) +2.0 50 ~ 600 | = Current 2.2 EO I A - - -40 ~ 125
BD90610EFJ-C 1 Pch (160mQ) - 1.25 a5 36 | Variable (0.8-VIN) +2.0 50 ~ 600 | = Current 2.2 -l vV - - - -40 ~ 125
BD90730NUX-C Nch (180mQ) = 3.0 3.5 36 | Variable (0.8-TBD) +2.0 100 ~ 2400, =*=10 Current 1.9 v = = v -40 ~ 125
*Under development 7% SR:Self Recovery , L:Latch
o foe fo o A f
9.39520.125
(MAX 8.15 include BU (Mus,éss?:gﬁuasum) (MAX 9.745 include BURR)
3 mj: s s dead E 88201 1.905:0.1 30£0.1 €025
w 2, T EAA A J g ©5)
e T o o z 2 "
| = P 5 o ] 5 g - —
FE % : { 2418 3 P 29 . 1 . . :
o[~ 2 s - R 5 N o 25 ER b
pE: Hi. : 22 4 g =1 § %E Q\ o;‘»
 — 0.05 0.595 ‘01 O EE. 1 i
075 0.145°0% ol 017-003 - 017 7505 WHEEEEd p— 1PIN MARK L
% x| g E i) osars [ [ 22T -«L~4 5. 155 E
3 ) - [ie wmrermimsmiasan 3 - A5 =3
E -l g 055 . ZRERS o2t
g 8 - =] 0.08 [5] 5 2
2 g 005 T | §
(Unit - mm) = -l 02004 il oce ) {Unit : mm) 0.42:0.1 (Unit : mm) s (Unit : mm)
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Secondary Switching Regulators (BD905xx-C Series)

Space-Saving High Efficiency Solutions
The BD905xx-C series of 2.25MHz fixed frequency synchronous rectification step-down DC/DC

Large Current

2¢BD90571EFJ-C

converters integrate a phase compensation circuit and feedback resistor that supplies a fixed VN BD90SXXEFJ-C 1.0pH 7 1.50H vout
output voltage of 1.2V/1.5V/1.8V, making it possible to configure applications with fewer _L l 1P S 0o I
external components.
The BD905x0 series consists of variable (0.3 to 2.4MHz) synchronous rectification step-down 10pFI :|:1pF 2 VIN PGND 7 __|_ 22uF
DC/DC converters featuring an internal external synchronization function and low current — = L — X4
consumption (65uA) that enables high efficiency operation even at light loads. s EN 3EN FB 6 _ XFEQOSleEFJ-C
3 i
1.2V, 1A 3
BD90571EFJ-C ’
BD9Y052XEF]-C 1.31.5;1.2% gA S| mcu i 4 GND MODE 5 MODE
12V oimary |5V, || BD9os3xEFI-c || 1-2/1-5/1.8V.3A
Battery > = —
A I Variable, 2/3/4A -
BD905x0EFV-C ariable, L Lo
BD905xOMUV-C > MCU BD90571EFJ-C PCB BD905xxEFJ-C Application Circuit

BD905X0EFV-C/MUV-C 0k
Product Overview: BD905xxFEJ-C / BD905x0EFV-C/MUV-C = [[iFee  Feooe
® Integrated output feedback resistors and phase compensation Lo 2PGND S
e 3 -—_m_—’ o 08 ‘—E 3sw SYNC 18
® Synchronous rectification type Hr 2 [VouT>
) . ] T— T 4 SW SEL 17, 100k
® Low current consumption: 65pA (Variable type) = = sne RT 16— AN OPEN
® Selectable Light Load/PWM Fixed modes HTSOP-J8 ¥ 6P;/IN NE i = o opEN
® Switching frequency: 2.25MHz=20% (Fixed type) ' oo jéz“Fj;z“FIo'ﬁlp Ui gy T
0.3M to 2.4MHz=*15% (Variable type) + = = = 8 VIN ss13
External synchronous function(Variable type) HTSSOP-B20 é IluF [EN>—9EN COMP 12 oa
® Input voltage range: 2.6V (Variable)/2.69V (Fixed) to 5.5V (7V Rating) - 10 MODE GND 11
® Integrated SW FET: Pch 85mQ (Typ.), Nch 70mQ (Typ.) (Fixed type)
Pch 90mQ (Typ.), Nch 60mQ (Typ.) (Variable type) =
® Current mode control. . _ _ VQFN20SV4040 BD905X0EFV-C Application Circuit
® Over Current/Short Circuit protection, VOUT Over Voltage protection,
Under Voltage Lock Out, and thermal protection circuits bl T T e T " Mo tommeoe | 11 " [amioiooe
%0 *wN\:a,szN':w "'":Hﬂ\ 20 *vmi:\a',z'v VIN=5V P 90 viN=3.3v]VIN=G I
Output . Output (Reference) Voltage : = Jiliis : = j: =
Variable z £ z
Current (0.8V+1.5%) 1.2V+2% 1.5V+2% 1.8V+2% 5 @ Emtnasii 5 : oA 5 :Z plwalrjq'a
Z s (i \‘I{ |=||| a AR [IRBANTTIEE S % IN=
1A — BD90571EFJ-C — - = N S i 2o [/ L
2A  DRKBD90520EFV-C | BD90522EFJ-C| BDI0525EFJ-C | BDIO528EFJI-C 0 S ®
20 20
3A [ BDY0530EFV-C | BD90532EFJ-C | BD90535EFJ-C | BDIO538EFJ-C TZ 10 J{H 0
4A_ DKBD9OS40EFV-C — - - . ) ;
0. OL-EAD CURREN1f‘J[2] 10.00 0.01 0.10 1.00 10.00 001 OL:J?QD CURRENIT?Eq 10.00

*Under development

BD905xxFEJ-C / BD905XOEFV-C/MUV-C Lineup BDI0S32EFJ-C

Efficiency vs Load Current
Technology for the automotive future
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BD90535EFJ-C
Efficiency vs Load Current

LOAD CURRENT [4]

BD90538EFJ-C
Efficiency vs Load Current
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Light Load and PWM Fixed Modes Load Response for Each Mode

Setting the MODE pin voltage below 0.7V switches operation to Light Load Mode.
Intermittent operation is automatically performed in Light Load Mode when the output

load current is small. This suppresses switching loss, improving efficiency compared
with PWM fixed mode. It should be noted that the load current during intermittent _ _
operation will change depending on the input voltage and inductor value.
If the MODE pin is set to 2.1V or more PWM fixed mode operation is performed. Tkmr | b Tekmr | pog
And although efficiency is decreased at light loads compared with Light Load Mode, ] B v 1 -
fixed frequency switching operation is implemented throughout the entire load range, R A YOUT(EOmVIdiv)| R,
making noise countermeasures relatively easier. o o — V’“ BN
LL . P
L IOUT(2A/dIV) | loUT(AMIV) ¢
Lo v o ! p
8 & o . P ;
3BD90571EFJ-C la I _ P _
BD905xxEFJ-C 1.0uH  /1.5uH m i L NG T W R — A Chi 7108 A
VIN 1 PVIN SW 8 —r— VOUuT
| Load Response Load Response
10uF 29uF L | BD90535EFJ-C , MODE=0V BD90535EFJ-C , MODE=3.3V
H ;L ;L‘”F 2VIN PGND 7 'j” l ) IOUT=0—3.0—0A IOUT=0—3.0—0A
3BD90571EFJ-C
EN——f 3EN FB 6 | 4TuF X 1
Tekfb | ¢ i Tek k| — —
4 GND MODE 5 f————————— MODE ] v : v i .
VOUT(S0mVidiv): - M ) VOUT(EOmediV)';. m
D L L n % ! L danl e "l L .
mw e \/ .
Reference Application Circuit 3 —1 W — ; ‘
ﬁ 10UT(0.5A/div) ! 10UT(0.5A/div) :
Tekfsk | [T S| Tek(BE | [ . P '
5 T 5 1 :
- VOUT(OmV/divy: VOUT(10mV/div) § e o a i \
& ¥ . [—WWWM o S 50.0mvn ] W 100ps] AL Chd 7 500mA o A T — TN T I
P : sw Load Response Load response
L BD90571EFJ-C , MODE=0V BD90571EFJ-C , MODE=3.3V
I0UT=0—1.0—0A IOUT=0—1.0—0A
P
=== ey ] AL L 252 SLLM™ control at light loads differs from regular PWM, resulting in higher output
:
ripple voltage.
Switching Operation at Light Load Mode ~Switching Operation at PWM Mode Also, during SLLM™ the transient response for heavy loads is slower.

Automotive Regulator Selection Guide Te Ch nolo g y for the automot ive future



* BD90540EFV-C 1 Pch (90mQ) | Nch (60mQ) 7 4.0 2.6 | 55 | Variable (0.6-5.0) =il 0.3~24 +15 |Current| 0065 | v | v | v | v | v |SR|SR| v | -40 ~ 125 | HTSSOP-B20
* BD90540MUV-C 1 Pch (90mQ) | Nch (60mQ) 7 4.0 2.6 | 55 | Variable (0.6-5.0) *+15 0.3~2.4 +15 |Current| 0065 | v |V | vV | Vv | V¥ |SR|SR]| v | -40 ~ 125 | VQFN20SV4040
* BD90530EFV-C 1 Pch (90mQ) | Nch (60mQ) 7 3.0 2.6 | 55 | Variable (0.6-5.0) SN 0.3~24 +15 |Current| 0065 | v | v | v | v | v |SR|SR| v | -40 ~ 125 | HTSSOP-B20
* BD90530MUV-C 1 Pch (90mQ) | Nch (60mQ) 7 3.0 2.6 | 55 | Variable (0.6-5.0) ESHRD 0.3~2.4 +15 |Current| 0065 | v | vV | vV | Vv | V |SR|SR| v | -40 ~ 125 | VQFN20SV4040
BD90532EFJ-C 1 Pch (85mQ) | Nch (70mQ) 7 30 | 269 55 1.2 (£2.0) 2.25 +20 |Current| 0.65 -l -1 - ]| |SR|SR| v | 40~ 125 HTSOP-J8
BD90535EFJ-C 1 Pch (85mQ) | Nch (70mQ) 7 3.0 | 269 ]| 55 5 (+£2.0) 2.25 +20 |Current| 0.65 -l -1 -] |SR|SR| v | 40~ 125 HTSOP-J8
BD90538EFJ-C 1 Pch (85mQ) | Nch (70mQ) 7 3.0 269 | 55 18 (£2.0) 2.25 +20 |Current 0.65 = = = V|7 |SR|SR| v | -40 ~ 125 HTSOP-J8
* BD90520EFV-C 1 Pch (90mQ) | Nch (60mQ) 7 2.0 2.6 | 55 | Variable (0.6-5.0) ESIN5 0.3~2.4 +15 |Current| 0065 | v | v | v | v |/ |SR|SR| v | -40 ~ 125 | HTSSOP-B20
* BD90520MUV-C 1 Pch (90mQ) | Nch (60mQ) 7 2.0 2.6 | 55 | Variable (0.6-5.0) ESN5 0.3~2.4 +15 |Current| 0065 | v | v | v | v | ¥ |SR|SR| v | -40 ~ 125 | VQFN20SV4040
BD90522EFJ-C 1 Pch (85mQ) | Nch (70mQ) 7 20 | 269 | 55 1.2 (£2.0) 2.25 +20 |Current| 0.65 -l -1 -] |SR|SR| v | 40~ 125 HTSOP-J8
BD90525EFJ-C 1 Pch (85mQ) | Nch (70mQ) 7 20 | 269 ]| 55 13 (£2.0) 2.25 +20 |Current| 0.65 -] - V|V |SR|SR| v | -40 ~ 125 HTSOP-J8
BD90528EFJ-C 1 Pch (85mQ) | Nch (70mQ) 7 20 |269| 55 1.8 (£2.0) 2.25 +20 |Current| 0.65 -l -1 -] |SR|SR| v | 40~ 125 HTSOP-J8
BD90571EFJ-C 1 Pch (85mQ) | Nch (70mQ) 7 10 | 269 | 55 1.2 (£2.0) 2.25 +20 |Current| 0.65 -l -1 - ]| |SR|SR| v | 40~ 125 HTSOP-J8
X Under development 2% SR:Self Recovery

[ e T wssoren [ weewsweo [ [ ]
@,

4.9+0.1 6.5:0.1 4.0:0.1
(MAX 5.25 include BURR) (MAX 6.85 include BURR)
@.0) -
S
0 1 a
hl g o o =
F| I s % A
S a4 2 = ioe 1PIN MARK
- 3 3 i o = %
o = o O ) I e— L4
[EELEELL] = =
10 38| §
0.325 +0.05 [=[ 0.08 [s] 2% 8
_J 017 -0.03 2.1:0.1 o
g x 54 co2 [ os 3
H === : _ \ il
a0 - g =g EN I =
g g 12 0.04 B[00 8 8 e i=l0.08 [s] °, ®p S ~
8 g i 3 +0.05 ) ! +0.05
3l s 2 2 0.24 -0.04 10 0.25 .04
(Unit - mm) (Unit : mm) . (Unit - mm)
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Buck-Boost Switching Regulator Controller (BD9035AEFV-C)

Low Voltage
Operation

. . . . A
Buck-Boost Autom_atlc Switching Control Solution [VrRegs EN Voo _
for Low Voltage Drive 04TuE T Ve ouH
The BD9035 buck-boost switching controller features high —( vREG5 UL
withstand voltage, a wide input range (VIN=3.8 to 30V), and is 04TuE T CL =D Buck
capable of generating buck-boost output using only one inductor. «—( CLKOUT OUTH ot
Boost-buck automatic switching control improves efficiency over SYNC
conventional REGSPIC switching regulators. In addition, high switching (’% RT VL 100K oo
frequency accuracy (=7%) is achieved throughout the entire operating vouT KQ sUBbEsalE e quuuUuUL
temperature range (Ta=-40'C to +125°C). COMmP VREGS B o TT|_|_|_|_|_|_|_|_|_|_=(>BUCK-bOOSt
VDD
: FB ouTL |
Product Overview: BD9035AEFV-C PGND p— T
Buck-boost output possible with only one inductor ! O }4\/715;3 =D Boost
Automatic Boost/Boost-Buck/Buck switching improves efficiency {TEST ss  gnp  PGOOD e
@ 3-mode automatic switching control 0.47uF$ l —
High accuracy oscillation frequency and built-in PLL external BD9035AEFV-C Application Circuit External MOES Gha;(; \:jVaveforms for
synchronization function simplify noise countermeasures ach Mode
® High switching frequency accuracy: +7% (-40°C to +125°C) e ' ‘ Buck DC/DC BDYO3EAEFV-C
® PLL enables a wide external synchronous frequency range: £ = . . , .
100k to 600kHz g " Input Voitage
® Input voltage range: 3.8V to 30V (40V rating) OE 0 / ,,
® Oscillation frequency range: 100k to 600kHz § 0 // —— BD9035AEFV output % :
® Two-stage overcurrent protection through one external resistor & o {— —— Conventional Control " ! . ;
® Output undervoltage/overvoltage protection and Power Good w0 {1 SEESS=E====
— Automatic control improves efficiency L T e I T T T
B0 during buck operation —
= The buck-boost system maintains the output voltage even
o

ii 0 e 05 1 15 2 when the Input Voltage < Output Voltage
Output Current [A]

BD9035AEFV-C Efficiency vs Load Current BD9035AEFV-C Input vs Output Voltage

HTSSOP-B24 VIN=12V , VOUT=6V , f=350kHz VIN=10V , VOUT=8V , f=350kHz

BD9035AEFV-C 1 Push-Pull Push-Pull 40 = 3.8 30 Variable +1.5 100 ~ 600 +7 Voltage 7 ]iv] Vv - - |SR|SR| v | -40 ~ 125 | HTSSOP-B24

% SR:Self Recovery

Automotive Regulator Selection Guide Te Ch nology for the au tomo tive future 12



Automotive Step-Down

(0]

0

(0]

3

2

1

Output Current (A)
o o = P
i i 2 ( 3 o o

Linear Regulator Lineup

Primary [Linear] SRR TR Y ] Rated Voltage

OMI

=FJ-I\

DxxIASMS

2.69

Automotive Regulator Selection Guide

91404

4

D I Rated Voltage
BD 0 II*
» 0 [
I
BD90CO I
BDS80OCOA I
D50C0 I
» DA I
BDOOCOA > > p P P P I
BDOOCOA I
BD [
BD I
I
» 0 p BD I
BD [
BD I
BD750 I
BD4 p P [
BD450 > [
BD3020 p I
BD4
BD [
BD [
D 0 [
BD4 ‘lﬂ
BD/ P [
BD450 [
|
BD I
BD750 \Ij
BD4 [
BD450 [
BD3010 I
BD4
BD4 p I
BD450 [
A 4 4.6 0 6 916.0 0]8.019.0 0] 4 4 6 0 6 40 4

Input Rail Voltage (V)
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Automotive Linear Regulator Product Family

AEC-Q100 Qualified

Function

Single Function

Ultra Low
6UA (Typ.) v
Rateo
Voltage
50V Max. 15V Max. I Up to 10V
\ v v v v v v Max.

BD733L5(3.3V)FP-C | BD433M5(3.3V) BD3570Y(3.3V) BD3020/21HFP-M BD90COA(9V) BDxxGCOMEFJ BDxxHC5MEFJ
BD750L5(5.0V)FP-C | BD450M5(5V) BD3571Y(5V)HFP-M | S0VMAX, 0.5A LDO BD80COA(8V) BDxxGASMEFJ BDxxHCOMEFJ
50VMAX,0.5A WFPJWFP2/FP/ BD3572Y(Variable) xg"tg(]‘(’j';?;g:‘fc“’r and | BD50COA(5V) BDxxGA3MEFJ BDxxHASMEFJ

FP2-C FP/HFP-M BD33C0A(3.3V) -M/-C BDxxHA3SMEFJ-M/-C
BD733L2(3.3V) \

45VMAX, 0.5A 50VMAX, 0.5A BD3010AFV-M BDOOCOA(Variable) 15VMAX, 0.3/0.5/1.0A 10VMAX, 0.3/0.5/1.0/1.5A
BD750L2(5V) without Switch 50VMAX, 0.2A LDO WEP/FP/\WHEP/
EFJ/FP/FP3-C BD433M2(3.3V) with Voltage Detector and BDxxICOMEFJ
50VMAX, 0.2A BD450M2(5V) BD3573Y(3.3V) Watchdog Timer HEPIWFP2IFP2-C BDXXIASMEFJ-M/-C

BD3574Y(5V)HFP-M : e 7VMAX, 0.5/1.0A
NEFINEPSIERI] BD3575YEVa3iabIe) BD4275FP2/FPJ-C
v 028 FP/HFP-M R oo ron BUXxxSD2MG-M
T 50VMAX, 0.5A with Voltage Detector : s L 6.5VMAX, 0.2A
with Switch BD4269FJ-C
45VMAX, 0.2A LDO
with Voltage Detector

P15,16 P16 P17 P17 P18 P21,22 P21,22

Primary Linear Regulators Secondary Linear Regulators

Automotive Regulator Selection Guide Te Ch nolo gy for the automo tive future



Primary Linear Regulators (BD7xxLxxxx-C Series)

Low Quiescent Current Solutions

The BD7xxLxxxx-C series of low quiescent current regulators features a rated voltage of 50V,
200/500mA output current, an output voltage accuracy of 2%, and current consumption of HDSETesHE

Low Quiescent
Current
only 6pA (Typ.).
There regulators are therefore ideal for applications requiring a direct connection to the battery vcc VOuT
and a low current consumption. Ceramic capacitors can be used for compensation of the _
output capacitor phase. 4.7uF or higher

Furthermore, these ICs also feature overcurrent protection to protect the device from damage * the capacitance of 4.7uF
or higher is maintained

caused by short-circuiting and an integrated thermal shutdown to protect the device from GND _ _
at the intended applied

Overheating at overload conditions.

voltage and temperature
BD733L2FP-C range.
BD733L2EFJ-C 3.3V, 0.2 MCU, CAN
1oy BD733L2FP3-C BD7xxLxxxx-C Application Circuit
Battery >| BD733L5FP-C 3.3V,05 MCU, CAN
BD750L2FP-C 35 0 r
5V, 0.2A _ .
BD750L2EFJ-C MCU, CAN 20 30uA  Quiescent current BD357x: 80uA(Typ.)
BD750L2FP3-C T @10=100mA
- reduced 80%
BD750L5FP-C 2V, 0.5A MCU, CAN (@lo=0mA) 60 k
— 20 +— e ————— . _
Prod o iow: BDTxxL c < < uiescent current
roduct yerwew. XXLXXXX- s 15 ﬁ— Z reduced 92%
® Ultra-low qU|.escent current: 6pA (Typ.) 10 - 30 (@10=100mA)
® Output transistor : Low saturation Pch DMOS (3Q Typ.) 5 BD7xxLx:
® \/CC maximum voltage : 50V 6pA (Typ.) v
@ Output current : 200mA (Max.) / 500mA (Max.) 0 - e 2102100MA
Conventional Under 1 :

® Output voltage 1 3.3VE2%/5.0VE2% B Development 0
® Enables low ESR ceramic capacitors to be used for output phase compensation (BD357xY) | (BD7xxLx) 0 50 100
® Integrated output current control circuit protects the IC against damage due to short circuits lo [mA]

® Built-in thermal shutdown prevents IC overheating due to overload conditions.

RS

BD7xxLxxxx-C Quiescent Current Comparison

TO252-3 HTSOPJ-8 S0T223-4
BD733L2FP-C BD733L2EFJ-C BD733L2FP3-C
BD733L5FP-C BD750L2EFJ-C BD750L2FP3-C
BD750L2FP-C 2Under development

BD750L5FP-C
Automotive Regulator Selection Guide Te Ch nolo gy for the automo tive future 15



BD733L2FP-C = TO252-3
BD733L2EFJ-C 4.37 0.20 0.60@0.20A - HTSOP-J8
818
BD733L2FP3-C - SOT223-4
BD733L5FP-C 4.17 0.50 0.40@0.20A - TO252-3
50 45 +2 6 -40~+125@Ta
BD750L2FP-C - TO252-3
BD750L2EFJ-C 5.8 0.20 0.40@0.20A - HTSOP-J8
5.0
BD750L2FP3-C = SOT223-4
BD750L5FP-C 5.6 0.50 0.25@0.20A - TO252-3
BD433M2EFJ-C 43 - HTSOP-J8
BD433M2FP3-C @0.20A - SOT223-4
/ 0.20 0.20@0.10A 40
BD433M2WEFJ-C 3.9 Internal HTSOP-J8
BD433M2WFP3-C @0.10A Internal SOT223-4
BEg)
BD433M5FP-C 46 - TO252-3
BD433M5FP2-C @0.50A - TO263-3
/ 0.50 0.25@0.30A 38
BD433M5WFP2-C 4.0 Internal TO263-5
BD433M5WFPJ-C @0.25A Internal TO252-J5
45 42 +2 -40~+150@Tj
BD450M2EFJ-C 5.8 = HTSOP-J8
BD450M2FP3-C @0.20A - SOT223-4
/ 0.20 0.16@0.10A 40
BD450M2WEFJ-C 55 Internal HTSOP-J8
BD450M2WFP3-C @0.10A Internal SOT223-4
5.0
BD450M5FP-C 5.9 S TO252-3
BD450M5FP2-C @0.50A - TO263-3
/ 0.50 0.20@0.30A 38
BD450M5WFP2-C 55 Internal TO263-5
BD450M5WFPJ-C @0.25A Internal TO252-J5
*Under development
Automotive Regulator Selection Guide 16
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BD3572YFP-M 45 Variable (2.8-12.0) 0.25@0.20A - - - - - - -
T0252-5
BD3575YFP-M 4.5 Variable (2.8-12.0) 0.25@0.20A Internal - - - - - -
BD3570YHFP-M 45 33 . = . . . . .
BD3571YHFP-M 55 5.0 - . = . = . =
50 36 0.50 +2 0.25@0.20A 30 -40~+125@Ta
BD3572YHFP-M 45 Variable (2.8-12.0) - - - - - -
HRP5
BD3573YHFP-M 45 33 . . . . . . .
BD3574YHFP-M 55 5.0 Internal - - - - - -
0.25@0.20A
BD3575YHFP-M 45 Variable (2.8-12.0) - - - - - -
BD3650FP-M 36 | 5.6 | 30 | 5.0 | 0.30 | +2 | 0.20@0.20A | 500 | - - | - | - | - | - | - | -40~+125@Ta | TO252-3
BD3020HFP-M | - | 22| v - HRP7
50 5.6 36 50 0.50 +2 0.30@0.20A 80 - . -40~+125@Ta
BD3021HFP-M S V2 I A HRP7
BD3010AFV-M 50 6.0 36 5.0 0.20 +2 0.25@0.15A 80 - . v +3 v | -40~+125@Ta | SSOP-B20
BD4275FP2-C 5.5@0.3A v | 26 T0263-5
45 / 45 5.0 0.50 +2 0.25@0.30A 65 . = - |ae2| 4 . . ":1%~:1125%@TT?
BD4275FPJ-C 5.9@0.5A v | +28 . @Tj | ToO252-05
-40~+125@Ta
- = - - = A = - =
BD4269FJ-C 45 5.5 45 5.0 0.20 +2 0.25@0.10A 70 v +26 40~ +150@Tij SOP-J8

Automotive Regulator Selection Guide Te Ch nology for the au tomo tive future 17



BDOOCOAWFPS-M G5! \;‘o?-fro 26.5 Variable (3.0-15.0) 1.00 E=8 @%%%A 500 Internal - -40~+105@Ta TO252S-5
Vo =5.0
BD33COAFP-C - - TO252-3
BD33CO0AFP2-C 4.3 &3 - - - TO263-3
BD33COAHFP-C - - HRP5
BD50COAFP-C - - TO252-3
BD50COAFP2-C 6.0 5.0 - - TO263-3
BD50COAHFP-C - - HRP5
BD80COAFP-C - - TO252-3
BD80COAFP2-C 9.0 8.0 @%%%A - - TO263-3
BD80COAHFP-C - - HRP5
BD90COAFP-C - - TO252-3
BD90COAFP2-C 10.0 9.0 - - TO263-3
BD90COAHFP-C - - HRP5
BDOOCOAWFP-C G 0500 508 - TO252-5
BDOOCOAWFP2-C 85| or 26.5 Variable (1.0-15.0) 1.00 E=8 ‘Vo > F;.O 500 = -40~+125@Ta TO263-5
BDOOCOAWHFP-C Voo - HRP5
BD33COAWFP-C - TO252-5
BD33CO0AWFP2-C 4.3 &3 - - TO263-5
BD33COAWHFP-C - HRP5
BD50COAWFP-C - TO252-5
BD50COAWFP2-C 6.0 5.0 Internal - TO263-5
BD50COAWHFP-C - HRP5
BD80COAWFP-C - TO252-5
BD80COAWFP2-C 9.0 8.0 0.30@0.50A - TO263-5
BD80COAWHFP-C - HRP5
BD90COAWFP-C - TO252-5
BD90COAWFP2-C 10.0 9.0 - TO263-5
BD90COAWHFP-C - HRP5
Automotive Regulator Selection Guide 18
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Primary Linear Regulator Selection Guide

65402 1.2:01 3
6.5:02 6.5:0.2 2.3:02 cos — ~1.027:01 = 650.1 230 9%
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51507 /7 23:02 02 Cos5 0.5:0.1 s rf o f £ | 53330 52 053003
51 ¢g i H - FIN
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o il o o = Fant @
o1 [ FIN o 3 2l |3 i~ \%\ g &
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[BDxxG/H/IXXxMEFJ/HFN-M/-C]

Absolute Maximum Rating G:15V H:10V 1:7V

BDxXG/H/IXxXMEFJ/HFN BDxxG/H/IxxMEFJ/HFN
Vce -M/-C Vo T Vee -M/-C Vo
onT Rig T o ST Vo_s
) EN FB iy = EN
23
GND FIN GND FIN
T T ] S —

Cin,Cour : Ceramic Capacitor Cw,Cour : Ceramic Capacitor

Variable Output Type
Application Circuit

Fixed Output Type
Application Circuit

BIID[[O[|O||G||x||[x|[IM||E||lF]||J - |[|M
L | J | | J | | J L J L | I | | J
Output Voltage Series Output Package Automotive
00: ADJ (ABS max Current EFJ: HTSOP-J8 Grade
xx: Fixed input voltage) A3 : 0.3A HFN:HSONS8
G: 15V A5 : 0.5A
H: 10V  CO0:1.0A M: Automotive
I: 7V C5:15A

® Shutdown circuit current: OpA (Typ.)

® Output voltage accuracy: -M==+3% (Ta: -40°C ~ +105°C)
-C=%2% (Ta: -40'C ~ +125°C)

® Internal standby function

% Cour

® Enables the use of low ESR ceramic capacitors for output phase compensation (1.0uF Min.)
® Integrated output current control circuit protects the IC from damage due to output short circuits

® Built-in thermal shutdown to prevents IC overheating during overload

Automotive Regulator Selection Guide

Compact

[BUxxSD2MG-M]

Absolute Maximum Rating 6.5V

BUXXSD2MG-M
Vin OT VIN VOUT Vout
Cin I ICout
On
O— STBY
_Off | GND

Application Circuit

® Input Voltage Range: 1.7V to 6.0V (6.5V Rating)

® Low Quiescent Current: 35pA (Typ.)

® Output Current: 200mA (Max.)

@ Output Voltage Accuracy: +2% (Ta: -40°C to +105°C)

® Low Output Noise: 30uVrms (10-100kHz)

® High PSRR (Ripple Rejection): 70dB Typ.@1kHz

® Integrated Standby function

® Enables the use of low ESR ceramic capacitors for output phase compensation
(0.47uF Min.)

® Integrated overcurrent protection protects the IC from damage due to output
short circuits

® Built-in thermal shutdown function prevents IC overheating during overload

O O

HTSOPJ-8
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BDXXGCOMEFJ-M 15 45 14| Variable (1.5-13.0) 1.00 +3 0.60@1.00A 600 Internal - - - HTSOP-J8
/15/1.8/25

BDXXxGASMEFJ-M 15 45 14 /3.0/3.3/5.0 0.50 +3 0.60@0.50A 600 Internal - - - -40~+105@Ta | HTSOP-J8
/16.0/7.0/8.0

BDXXGA3MEFJ-M 15 45 14 /9.0/10.0/12.0 0.30 +3 0.60@0.30A 600 Internal - - - HTSOP-J8

BDXXGA3MEFJ-C 15 45 14 | variable/3.3/50 | 0.30 +2 0.60@0.30A 600 Internal - - - -40~+125@Ta | HTSOP-J8

BDxXHCSMEFJ-M 10 45 8.0 1.50 +3 0.60@1.50A 600 Internal - - . HTSOP-J8

BDxxHCOMEFJ-M 10 45 8.0 Variable (1.5-7.0) 1.00 +3 0.60@1.00A 600 Internal - - - HTSOP-J8
/15/1.8/ 2.5 -40~+105@Ta

BDxXxHASMEFJ-M 10 45 8.0 oD Lt & 0.50 +3 0.60@0.50A 600 Internal - - - HTSOP-J8
/3.0/3.3/5.0

BDXXxHA3MEFJ-M 10 45 8.0 /6.0/7.0 0.30 +3 0.60@0.30A 600 Internal - - - HTSOP-J8

BDXXHA3MEFJ-C 10 45 8.0 0.30 +2 0.60@0.30A 600 Internal - - - 40~+125@Ta | HTSOP-J8

BDxxICOMEFJ-M 7 2.4 55 Variable (0.8-4.5) 1.00 +3 0.40@1.00A 250 Internal - - - HTSOP-J8
/1.0/1.2/15 P —
/1.8/25/3.0

BDXXIASMEFJ-M 7 2.4 55 o 0.50 +3 0.40@0.50A 250 Internal - - - HTSOP-J8
12/15/18 0.28/0.18/0.15

BUXXSD2MG-M 6.5 17 6.0 12.55/2.8/3.0 0.20 +2 /0.10 / 0.085 33 Internal - - - 40~+105@Ta SSOP5
/3.3 @0.10A

6.0+02

1.0MAX

4.9:0.1
(MAX 5.25 include BURR)
A3 6
1445 A
z e 9 £
E J‘ L —
i ) o =]
7 +
1PIN MARK
+0.05
0545 ). 0a7-003
.
27 +0.05
8l 8 042 -0.04[5[0.063)]
2 9
K
(=] o
(Unit - mm)

1.25Max.

28402

1.1+0.05

0.05£0.05

(Unit : mm)
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Leveraging Power Supply IC Characteristics

Thermal
Characteristics

The following definitions comply with JEDEC Standard JESD51

Noise

Thermal Resistance - Characteristics

Symbol Definition Applications Formula
Thermal resistance between junction temperature Comparison of heat dissipation
0;, (T,) and ambient temperature (T,) when the characteristics between different 0,0=(T;—TY /P
package is mounted on a PCB. packages.
Thermal characteristics parameter representing Estimation of the junction
the temperature difference between the junction temperature.
W temperature (T;) and the temperature of the center Yi=(T;-Tp)/P
of the top surface of the package (T+), caused by
the power consumption (P) of the device.
The thermal resistance between the junction Can be used in simulations using the
temperature (T;) and the top surface of the 2-resistance model.
0;c1op | package (Tc.rop). Heat is dissipated only through 05c10p = (T3—Teqop) /P
the top surface of the package — all other
pathways are insulated.
The thermal resistance between the junction Used to estimate the junction
temperature (T;) and the bottom surface of the temperature for packages where
0,ce0r | package (Tq.gor). Heat is dissipated only through metal is exposed at the bottom for B5c801=(T;—Tegor) /P
the bottom surface of the package — all other heat dissipation, since the majority of
pathways are insulated. heat is dissipated through the bottom.

Automotive Regulator Selection Guide

Note 1: 6;, and W, are obtained when mounted on a JEDEC board.
Note 2: Data provided as 6,- conventionally is W ;; in this definition.
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Thermal Resistance - Characteristics
Cf. JEDEC(JESD51)

@60,,: Thermal resistance from the junction to the ambient environment (Heat conduction and radiation through multiple pathways)
@®u ;- : Thermal characteristics parameter from the junction to the center of the top surface of the package
(Heat conduction not only through the top surface, but also any surface)

Temperature at the center of the top of the package: T+ Ambient Temperature: T, Thermal Conduction
) Thermal Resistance (Low)
Top Surface of Package V .......... Y e e (ot
_—— [ — B Heat conduction and radiation to the air
Package (Mold) Junction Temperature: T, f};\*\\
/N
Package (Lead) Junction

Package (Island)

4 ///\\\ Copper Layers

< Yy 4
=</ _— PCB (FR4)
4
\—//
Bottom Surface of Package XImage: HTSOP-J8 package

@6, - Thermal resistance from the junction to the top @6,.:o7: Thermal resistance from the junction to the bottom
surface of the package. (Heat radiated only through top of surface of the package. (Heat radiated only through the bottom of
package. Other pathways insulated) package. Other pathways insulated.)

Junction Temperature: T,

l«—— Cold Plate L ' Thermal Resistance

:0ic-BOT
—_—

Temperature at the top of
package:Tc-tor

1

Thermal Resistance: /—f
BJc-Top ¢
Temperature at the bottom of Cold Plate

package: Tc-BoT

Junction Temperature: T; —]
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Characteristics

Leveraging Power Supply IC Characteristics

Thermal

Noise Noise Characteristics - Tolerance

EMC (Electromagnetic Compatibility) ' EMC problems on the same board l

It is important that electronic devices: 1) Do not interfere EMI Standard EMI Standard
with other devices, and 2) Are able to maintain normal CISPR25 1ISO11452
performance even when receiving interference. [ Automotive ] [ Automotive ]
The need to balance both of these requirements gives rise Equipment Test)- Equipment Test

to the term Electromagnetic Compatibility, which can be
broken down into 2 components — EMI and EMS.

EMI (Electromagnetic Interference — Emission) '

Operating the target IC may cause noise to be generated,
which can lead to operation stoppage due to system and/or
peripheral circuit malfunction.

To prevent this, delicate, complex circuit design is necessary.

EMC malfunction from external interference '
EMS (Electromagnetic Susceptibility — Immunity)' System A System B

EMI Standard

EMI Standard

Conversely, peripheral IC and/or system operation may CISPR25 1ISO11452
generate noise which can interfere with the target IC and Automotive Automotive
lead to malfunction and cause operation to fail. Equipment Test Equipment Test

In this case robust circuit design is required.

4 ; Radiant Noise

Automotive Regulator Selection Guide Te Ch nolo g y for the automo tive future
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=

. Power lines should be as short and wide as possible.
. Please place the input decoupling (ceramic) capacitor as close as

. The resistor RT for determining the oscillating frequency should be

. Position the feedback resistor for variable output voltage types as close

. The feedback resistor should be located far from noise sources such as

. Separating power GND (SBD, input/output capacitor GND) and

. Do not use thermal relief whenever possible.

PCB Design Checkpoints

Possible Concerns Regarding Improper DC/DC PCB Layout Notes on Thermal Relief

EMC performance, Pl (Power Integrity) decrease ' Please consider capacitor layout to minimize noise.
Deterioration in basic performance (i.e. output voltage accuracy) ' E

Slit

Unstable operation (e.g. oscillation, SW waveform splitting) '

Recommendations on PCB Design <— ESL Slit

<— Via
possible to the IC power supply-GND pin. (GND side of the IC power
supply-SBD for chopper types) = Shortest AC current path

In the above layout since the ESL component of the PCB is added, the
resonant frequency from the formula on Page 28 moves to the low
frequency side. As a result, it may not be possible to achieve the

=

located near to the GND pin (reference GND). desired noise removal effects

the feedback terminal.

inductors and switching lines. It is good practice for dual-sided boards to

place power components on the same side as the IC and the rest of the

components on the other side. (When doing so, please do not pass the Ideal
feedback line under the inductor.)

to the feedback pin, shortening the wiring from the feedback resistor to ‘

ESL (PCB)

]

ESL (Via)
reference GND (RT, GND) will minimize the effects of switching noise.
However, please make them common through a GND plane.

Ideal Layout

>El_kﬁ_§lf

= Deteriorating high frequency characteristics tual
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Leveraging Power Supply IC Characteristics

Thermal
Characteristics

B 1L V.
[CEATT TE— - VIN
1 ’ vl
] === L) =
-3 ! -3 = :::: DUT E
. _)\ / N b
> 1l &
- GND bl
220uF/50v 0.1uF/50v 2

ESR=0.160/DCR=0.330 o

Refer to SimSurfing of MURATA

i)

415KkHz

Impedance(ohm)

10 w0 wew e e V00T Lu LU L)
[re— Frecpency{MHz]

Attenuation characteristics
as seen from the DUT side
of the low pass filter

Impedance of the 0.1uF
/50v bypass capacitor

=
2
H
2200pF/50v ki
100uH 5 HuF/s0v - s
CEATT I i VIN
== = = - i== DUT
H
1
T
220uF/S0v 0.1uF/50v

1nn
MURATA#  SimSurfingY)

2o

v g o o0 o 009
FrequencyliHe]

S
>
=
=
°
an
&
S
o
=

Impedance of Bypass
Capacitor 2200pF /50v
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AM Band CB~FM Band
— Ave
— ANN (PK)
7 — ANN (AV)
N
’,_
\ [
~ \
! et iy
¥ Al LY

From the attenuation characteristics of the low pass

- == = filter, an attenuation of about 60dB is expected at a

1 Adding a 2200pF decoupling capacitor decreases

Frequency [Hz]
— o e —

OM

l switching frequency of 415kHz (harmonics as well) —Pezk
- — Rve
T [TTT11 T T T TIT] T [ [ TT]
—H - - - — AINPK)
|| Adding a 0.1uF decoupling capacitor decreases — AN AV
|| impedance between 10M and 100MHz
I
I
N o [
i Al et et !‘W
P A I I "
. F
50k 500k [ 2 5 1ol 20M 50M 100M 150

Frequency [Hz]
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— Peak
— impedance between 100M and 200MHz. —hue
= — R — ~ el
Clears CISPR25 Class5 in all bands
= MLl og ] W s
{rndinsnton , ] ﬂ ”T ' me
e 3
-20
150k 500k Ll Pl 5M 10M 20M 50M 100M 150M

Vo ltage[dBuV]

VoltageldBuV]

Vo Itage[dBuV]

90
80
70

Noise JConductive Noise Countermeasure Example

Conductive Noise (Battery Side) '

Conductive Noise (Ground Side) '

AM Band

CB~FM Band

| | —Ave

— AMN (PK)
— AMN (AV)

_

10M 20M S0M 100M 150M

-20
150k

— Peak
— Ave
— ANN (PK)
— AMN (AV)
x W
\ ]
o ——
-2
150k 10M 20M S0M 100M 150M

— Peak
— Ave

— ANN (PK)
— AN (AV)

i
i

10M 200 50M 100M 150M
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Appendix : Waveform Data Acquisition Techniques

' 20mV/IdivV@AC

2.0us/div

20mV/diveAC

2.0us/div

1

Noise occurrence ?

20ns/div

No noise

20ns/div

Resonant Frequency =
2*mmV(Lg * Cp)

Lg:Probe Ground Lead Inductance

Cp:Probe Input Capacitance

\_

Cp 10MQ

JTC )

Automotive Regulator Selection Guide

Object to Be Measured Probe Equivalent Circuit

Technology for the automotive future

The waveforms at the top were obtained

! using a GND lead attached to a probe.

The waveforms below were taken by
measuring the output ripple voltage
using a tin plated wire wound to GND in
a short distance.

4 Although at 2.0ps/div there does not

appear to be a large difference, upon
magnification spikes can be seen.
These spikes are largely due to the

| resonance of the inductance of the GND

lead and capacitance of the probe input.

In order to prevent such resonance,
optimized probing must be conducted
where Cp and Lg in the equivalent circuit
is as small as possible.

Since the input capacitance of a
standard passive probe is limited to
around 10pF, it is clear that reducing the
GND lead inductance Lg (nH/mm) will
lead to improved measurement accuracy.
In order to further improve accuracy use
of an active probe (FET probe) is

recommended.
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Notice

Precaution on using ROHM Products

T

If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment {olez):

aircraft/spacecraft, nuclear power controllers, etc.) and whose malfunction or failure may cause loss of human life,
bodily injury or serious damage to property (“Specific Applications”), please consult with the ROHM sales
representative in advance. Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses incurred by you or third parties arising from the use of any
ROHM's Products for Specific Applications.

(Note1) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSIII CLASSIIb
CLASSIV CLASSIII CLASSII CLASSII

ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safetya

[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

Our Products are not designed under any special or extraordinary environments or conditions, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable for any damages, expenses or losses arising from the
use of any ROHM's Products under any special or extraordinary environments or conditions. If you intend to use our
Products under any special or extraordinary environments or conditions (as exemplified below), your independent
verification and confirmation of product performance, reliability, etc, prior to use, must be necessary:
[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents
[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust
[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Cl2,
H2S, NH3, SO2, and NO2
[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves
[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items
[f] Sealing or coating our Products with resin or other coating materials
[g] Use of our Products without cleaning residue of flux (even if you use no-clean type fluxes, cleaning residue of
flux is recommended); or Washing our Products by using water or water-soluble cleaning agents for cleaning
residue after soldering
[h] Use of the Products in places subject to dew condensation

The Products are not subject to radiation-proof design.

Please verify and confirm characteristics of the final or mounted products in using the Products.

In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse. is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

De-rate Power Dissipation (Pd) depending on Ambient temperature (Ta). When used in sealed area, confirm the actual
ambient temperature.

Confirm that operation temperature is within the specified range described in the product specification.

ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design

1.

When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification

Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application notes, reference designs, and associated data and information contained in this document
are presented only as guidance for Products use. Therefore, in case you use such information, you are solely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including CI2, H2S, NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
QR code printed on ROHM Products label is for ROHM's internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act
Since our Products might fall under controlled goods prescribed by the applicable foreign exchange and foreign trade act,
please consult with ROHM representative in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data. ROHM shall not be in any way responsible or liable
for infringement of any intellectual property rights or other damages arising from use of such information or data.:

2. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the information contained in this document.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.
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