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Low Quiescent Current High Accuracy Output

Low Voltage Operation La?;;" gﬂf:e.nt

Primary

Switching

Regulators

Low EMI

> P3,4,9-11

Primary
Linear
Regulators

uziﬂ:l > P13,14,21,22

EMS Tolerance

Low Thermal
Resistance

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
Voltage : e . : . .
. PWM (width) / PFM (frequency) = Significant noise Resistor divider = Low noise
Generation

Applications Contributes to greater energy savings, suitable for Low noise, low-cost solution
PP both low and high power systems Ideal for low power devices

ROHM Power Supply IC Advantages

Effective Anti-Noise Technoloqgy J | Superior Heat Dissipation TechnologyJ

Noise Characteristics - Tolerance > P25-27 Thermal Resistance - Characteristics > P23,24
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Automotive Step-Down Switching Regulator Lineup

Primary [Switching] [ Secondary [Switching] [_____ J[:ECEALIELES

RJted V

bltage

BD90620EFJ-C / BD90620HFP-
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c/
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521
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FP-C

BD99010EFV-

Output Current (A)
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Automotive Step-Down Switching Regulator Product Family

Control Mode

Buck-Boost‘H

I Buck

LAEC-Qmo Qualified ]

External‘" ||» Internal
Quiescent
Ultra Lo Standard
v % & i
Control Mode Control Mode Control Mode Control Mode
Voltage Current Current Voltage ‘|| I urrent
Mode Mode Mode Mode Mode
A4 \ 4 \\4 A2 /
BD9035AEFV-C BD9015KV-M BD99010EFV-M BD9060F-C BD90640EFJ-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

P7,8

Control Mode

Current
Mode

Y

BD90541MUV-C m
Variable, 4.0A,

0.3M-2.4MHz

BD90521EFV-C

BD90521MUV-C
Variable, 2.0A,
0.3M-2.4MHz

P9-11

Primary Switching Regulators Secondary Switching Regulators
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Primary Switching Regulators (BD9901xEFV-M Series) Low Quiescent

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

12V BD99010EFV-M > MCU, CAN

\ 4

Battery

5.0V, 2A
7

BD99011EFV-M MCU, CAN

Product Overview: BD9901xEFV-M

Low Quiescent Current % _
® Low quiescent current: 22uA (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

l Current
1] BDOYOIXEFV-M, |22 )
VN . - z PVIN PGND Z
l sl PVIN PGND
4 21 =
220pF — — PGND 10pH
+4.TpF 51 vIN sw 2 <VouT]
0.1uF ¢ sw = 22uF
oo |—" VREGB 1 <3
8 17
GND -
9 REG_L 16 PGND—
RT vouT
Y comp EN 2 (N
33 11 GND _14
75kQ KQ 12 13
REG FPWM PWM

@
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BD9901xEFV Application Circuit
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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 TekZe | — ] Tek BAD | £ i ] L+ HES
Mode (SLLM™), which utilizes PWM control and compares the output voltage to g 1 !

an internal reference voltage. When the output voltage drops below the pere————.— o - FPWM
reference voltage switching pulses are output to increase the voltage above the : ;SX‘!’E a ! 5vidiv. ¢4

reference level, after which the SW output turns off and the controller goes into D
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.

swW

sSW
10Vidiv

P

VOouT
(AC coupled)
100mV/div

CURRENTSENSE Chil s.00V Chi] s.00V Ch2] 10.0V ‘]MH.DUmﬂ A Chl 5 3.20V
SLOPE P Ch3_100mV % | @€ 100mv -~ |
C:'_':p BD99010ERV-M Mode Transition BD99011EFV-M Mode Transition
Err Amp FEER  af (SL\M to PWM) (SLLM to PWM)
” SET
S Driver
COMP Logic Tek #1F | — i ] Tektt | |
1] i u 1
0SC '
VOuT - vout

T T

™ AC led 5
of € ooy _ ™ SR A

Current Mode PWM Control Diagram

SWo e ore oo borerorsn
PWM SLOPE PWM ——cowr : | 1
Comp 74!_‘:\ /ﬂ_h;\ —coup Comp LKL(L(L(L(-.———‘SLOPE | ’ ] ] ' ‘
e 41 Piit o sttt bt e , | l i
: i o ' i . i il |
RESET i + L 4 + GND RESET t t: t t: GND | ﬁl‘w"'ﬂ“w ]
q T e e e e Il : -
o : W sw__| g Ll L H e ! i
. /\ GNe e /\VAVAVAVAV L(AVE) @M 20.0mvuNChZ, .00V Ma4.000% A ChZ L 860V ] Z0.0mvuCchZ 5.00V  MA.00ps A ChZ L 5.60 V
" IS S { At ARt SW and VOUT Waveforms at SLLM SW and VOUT Waveforms at PWM
vour ——ieii N vouTe Light load) (Heavy load
Not switching ( 1g oa y oa )
SLLM Switching Timing Chart PWM Switching Timing Chart 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.
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Primary Switching Regulators (BD906xxEFJ-C Series) Low Voltage
Operation
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. ED906EFIC
In addition, the internal Pch MOSFET can operate at 100% ON duty to ensure stable PER S 15uH
operation even during severe battery drops during conventional cranking or idling stop PVIN S —rm AS t {>vo
operation. VIN % D1 I22“HX2 OPEN
= = 43kQ
Variable, 1A VN
BD9010EFJ-C H—2n2e 1A slyvicy, can e i el F8
12V ) J:- % RT
g i 100pF 27kQ
Battery > sggggggﬁigg Variable, 2A >{MCU, CAN VENSYNG I 1 8.2kQ
- o EN/SYNC Ve —am—] |__|
BDYOG40EFJ-C || Variable, 4A sfy') can GND 2060 4700pF = =
BD90640HFP-C - ’ T
Product Overview: BD906xxEFJ-C/HFP-C BD906xXEFJ-C Application Circuit
Wide Input Voltage Range s
® Input voltage range: 3.5V to 36V (42V rating) 0
(Initial startup over 3.9V) ‘ el L v e el e i e O = GE  100
® Built-in Pch FET enables 100% duty HTSOPJ-8 E Input Voltage 90 —
® Circuit current at shutdown: OpA (Typ.) BD906XXEFJ-C 12V=5V=12V I —
® Reference voltage: 0.8V+2% (Ta: -40°C to +125°C) ; K 70 /
. ° | — From above
0.8V£1% (Ta: 25C) , = d — E 60 Veo5y
® Switch output current: 1.25A Max. (BD90610EFJ-C) SR F s Vo=33V
2.5A Max. (BD90620EFJ-C/HFP-C) \ 5 :g
4A Max. (BD90640EFJ-C/HFP-C) — g 40
® Switching frequency: 50k to 600kHz A NCRheZVJII:iSIrng 30 [ BDO0B40EFI-C l0<3 34A . 13‘2 y
@ Internal switching FET: Pch 160mQ (Typ.) i 20 | DDO0GIOEF)C I<0 808 fau = 500 kHz |
. - Ta=25°C |
® Soft Start function &% | Output voltage drop is small even if  fo= ' 10 | ° |
® Enable pin compatible with CMOS logic and battery voltages - the Input Voltage = Output Voltage”. 0
H i H H w: O 2 L W 0 1 2 3
® Current mode control with external compensation circuit HRP7 Output Current : Io[A]
® Over Current/Short Circuit protection, Under Voltage Lock Out, BD906xxHFP-C
and Thermal Shutdown circuits BD906xxEFJ-C Output Waveform BD906xxEFJ-C Efficiency vs Load Current

in Input Voltage Change
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BD9015KV-M 2 Ext. Nch Ext. Nch 35 - 45 | 39 30 | Variable (0.8-10) +1.5 250 ~ 550 | =*=10 |Current 4 2 2 A 4 SR|SR| v | -40 ~ 105 VQFP48C
BD9016KV-M 2 Ext. Nch Ext. Nch 35 - 45 | 3.9 30 | Variable (0.8-10) +£1.5 250 ~ 550 | =*=10 |Current 4 VI v |v]|v ]| - |SR|SR| v | -40~ 105 VQFP48C
BD99010EFV-M| 1 |Pch (170mQ)|Nch (130mQ)| 42 2.0 39 | 36 35 3.3 (£2.0) |200 ~500| =20 |Current| 0.02 - -l v | |SR|[SR| v | -40 ~ 105 | HTSSOP-B24
BD99011EFV-M| 1 |Pch (170mQ)|Nch (130mQ)| 42 2.0 39 | 36 35 5.0 (+2.0) |200 ~500| =20 |Current| 0.02 - - - | v | v |SR|SR| v | -40 ~ 105 | HTSSOP-B24

BD9060F-C 1 |Pch (300mQ) - 42 2.0 50 | 5.0 35 | Variable (0.8-VIN) +2.0 50 ~ 550 +5 Voltage 4.5 o K4 - - |SR[SR]| - -40 ~ 125 SOP8
BD9060HFP-C | 1 [Pch (300mQ) - 42 2.0 50 | 5.0 35 | Variable (0.8-VIN) +2.0 50 ~ 550 EI=5) Voltage 4.5 o A - - |SR|SR| - -40 ~ 125 HRP7
BD90640HFP-C | 1 |Pch (160mQ) - 42 4.0 39 | 35 36 | Variable (0.8-VIN) +2.0 50 ~600| =*=10 |Current 22 -l - - |SR|SR| - -40 ~ 125 HRP7
BD90640EFJ-C | 1 |Pch (160mQ) - 42 4.0 3I9N 315 36 | Variable (0.8-VIN) +2.0 50 ~ 600| =10 |Current 22 -l v - - |SR|SR]| - -40 ~ 125 HTSOP-J8
BD90620HFP-C | 1 [Pch (160mQ) - 42 2.5 39 | 35 36 | Variable (0.8-VIN) +2.0 50 ~ 600| =10 |Current 22 S 2 A - |SR[SR]| - -40 ~ 125 HRP7
BD90620EFJ-C | 1 |Pch (160mQ) - 42 2.5 39 | 35 36 | Variable (0.8-VIN) +2.0 50 ~600| =10 |Current 22 S 2 I - |SR|SR| - -40 ~ 125 HTSOP-J8
BD90610EFJ-C | 1 |Pch (160mQ) - 42 1.25 39 | 35 36 | Variable (0.8-VIN) +2.0 50 ~600| =*=10 |Current 22 -l - - |SR|SR| - -40 ~ 125 HTSOP-J8

2% SR:Self Recovery , L:Latch

9.0:0.2 7.8:0.1 50402 9.395:0,125 4940 1
I (MAX 8.15 include BURR) (MAX 5.35 include BURR) (MAX 9.745 include BURR) (MAX 5.25 include BURR)
(5.0 +Bes +5oo pa
4 14 oo tes 878 =5 j‘um z 8.82201 1.20520.1 e2) 407
7] 24 EEERLT HHHH - g (6.5) H: ]ﬁh o]
= N _ e o = o zl 2 - e A H p= E
13 2 _ - 1 9413 8§ K=  ERRiin 3 3
33 = - e o &= - o o o 3 z - e °
g5 = = e ! g - IR 5 N e “ iR
4siQ ;30 1 : ELEEEELLL 23 4 ] ?1 ;% 77
=~ t 12 0595 o A g &l 1PIN MARK
ik HEHHHﬂHg T — | 0325 || \1PINMARK 4005 - Y O b ] 0545 0071008
0172 . — E D,
o5 | \apmmark 01453553 S S 1+ ifefaislsiats 3 Z 514
” % 8 (514 g 7[5 ogrs [ [ 2318 ET Frhie |z ==
E [ } s == > mimimrat] - ‘\ Boo_ Bos 2 im
g || s ;7_14',5‘- g 1\\ S a0 i g
- 0.65 - L 027 005 w| o .42 ).
8| 8| ns:01 ! g =] 0.08 [5 = 2 54 8 8 @l0.08@]
gl g = =l 0.08 5 3 7 o E E =R
i o 221303 @[0.080 i = 0.24 tg gi & 008 @ ’ 0.42:0.1 ) g ) sl 3 ; ) )
(Unit : mm) - (Unit - mm}) (Unit - mm}) (Unit - mm}) (Unit - mm)
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Secondary Switching Regulators (BD905xx-C Series)

Space-Saving High Efficiency Solutions

The BD905x1 series is synchronous step-down converter which operates in current mode.

It can operate with maximum frequency of 2.4 MHz, and can downsize external parts such as
inductor. Oscillation frequency can be adjusted by external resistors and can also be
synchronized with an external clock. Furthermore, this switching regulator adopted the small
size VQFN20S4040 package, contributes to reduced the mounting area.

PGOOD pin is an open-drain pin,
it should be connected GND when
not in use.

Product Overview: BD905x1FEV / MUV-C

® Synchronous rectification type
® Switching frequency: 0.3M to 2.4MHz =15%
Synchronous operation via external clock is possible.
® |nput voltage range: 2.6V to 5.5V (7V Rating)
® Integrated SW FET: Pch 90mQ (Typ.), Nch 60mQ (Typ.)
® Current mode control
® Over Current/Short Circuit protection, VOUT Over Voltage protection,
Under Voltage Lock Out, and thermal protection circuits

%

HTSSOP-B20 VQFN20SV4040
Output Output (Reference) Voltage
Current 0.8V*=1.5%

2A BD90521EFV-C BD90521MUV-C

4A — BD90541MUV-C

BD905x1FEV-C / MUV-C Lineup

Automotive Regulator Selection Guide

V= sv |[ BD90521EFV-C .
Variable, 2/4A
Battery —>| Frimary sl Bpgps21Muv-C ariable, 2/
Regulaton BD90541MUV-C

pcoop
El 10k Q

Compact
Large Current

SYNC pin and SEL pin are being
pull-down internally, these pins
should be connected when not in

TuH

22uF | 22uF

L1

22uF (0.01puF

use.
P [vou——
[a] o N
z o £ 2
28865
sw Q SEL —<seL]
sw RT
N.C BD05XIMUV-C NC | '™°=
PVIN FB
PVIN SS __l_
z > & 3300pF
S oo L

VIN or EN

VIN pin is used as the power supply of the internal
control circuit, in order to prevent malfunction due
to transient change of VIN, input filter is required at
this pin. If the value of RIN is large, the internal circuit
current and this resistor will cause the voltage drop,
please use RIN=10Q and CIN2=1uF for the input filter.

2200pF

II——— GND
I|HH F——=—{ comp

CTL1 pin and CTL2 pin are test pins.
Please connect CTL1 pin to VIN or
EN,and connect CTL2 pin to GND.

BD90521MUV-C Application Circuit

BD90521MUV-C (Vo=1.2V)
Application Sample Circuit 1

10kQ

| 30ka
| sk

BD90521MUV-C (Vo=3.3V)
Application Sample Circuit 2

R1 20kQ
R2 | 10kQ

R3 | 45KkQ

Technology for the automotive future




BD90521MUV-C Application Sample Circuit 1 (V0=1.2V)

BD90521MUV-C Application Sample Circuit 2 (V0=3.3V)

Input Power Supply Voltage 5V
Output Voltage / Current Vo /lo 3.3V /2A
Switching Frequency 2.0MHz
Soft Start Time 1ms
Operating Temperature Range -40 ~ +105°C

Input Power Supply Voltage VIN 5V
Output Voltage / Current Vo/lo 1.2V /2A
Switching Frequency fsw 2.0MHz
Soft Start Time Tss 1ms
Operating Temperature Range Ta -40 ~ +105°C
100
90 G Sstone dmads CRAGIFE L SEICFE MALICH/00 £ FF SEEP SO
wfi 79.4328230kHz  #R: -Q.112 dB %9: +64.84 deg
80 > ~ e e ]
= /
o-Q 70 / w']. e
E 60 ,rbh"*' '::1. T T P
_5 50 / . e 5\,\:___ s
& 40 / . g NN
et 4 ~. ~1 N
Wog | A . R
20 ,/ =
10 -
0 1% l:h‘u..\me e =
0.01 0.10 1.00 10.00
Output Load (A)
Efficiency vs Load current Frequency characteristic , [0 = 2A
Rkt

[ o

. +

M[100ps A Chd 7 1.24A

20.20 %

) I TP I S
D[im 200mvV A
Cha[ T.00 A<

Load Response , [0 = 0A & 2A

Automotive Regulator Selection Guide

T

M[100us A Ch4 S 1.46A

Ch4[ 1.00AQ
20.20 %

Load Response , [0 = 1A & 2A

Efficiency (%)

100

% L
80
70
60 /
50 /
40 /
30
20

10

0

0.01 0.10 1.00 10.00
Output Load (A)
Efficiency vs Load current

'lb(ff'ﬁt: N | ——————

. +

FY DT T ; : . i
Em zoomv A M[100us Al Chd & 1.24A
cha[ T.00A G
20.20 %

Load Response , [0 = 0A & 2A
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0SC: 1.0008000000MHz " 20.Onvpedk DC 0.80 V [NTEG: IBcycle HMNCT |
SwP: 30steps/decada CPRENIOFF SLSUP:OFF ANAL:CHL/CH2 EQL :OFF SMEEP

Aef £8.4341413Hz *R: -0.624 dB %! +81.24 deg

B el |
12
w 155
‘nf\-?;}\ﬁ_ T T e — ©
— ~
. ~
20 | mee o . s
3 JAYR
Rl 3 T
. J
- : -4
o HEY
1w
@ i 109, =
PERECH e

Frequency characteristic , [0 = 2A

ek |

M[100us A Chd /7 1.52A

20.20 %

T00mv & o
Cha[ T.00AC

Load Response , [0 = 1A & 2A
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Secondary Switching Regulator Selection Guide

BD90541MUV-C | 1 Pch (90mQ) | Nch (60mQ) 7 4.0 2.6 | 5.5 | Variable (0.6-5.0) +1.5 0.3~2.4 +15 | Current 0.7 VI v ]| v ]| v ]| |SR|SR| v | -40 ~ 125 | VQFN20SV4040
BD90521EFV-C 1 Pch (90mQ) | Nch (60mQ) 7 2.0 2.6 | 5.5 | Variable (0.6-5.0) *+1.5 0.3~2.4 +15 | Current 0.7 VI v ||| |SR|SR| v | -40 ~ 125 | HTSSOP-B20
BD90521MUV-C | 1 Pch (90mQ) | Nch (60mQ) 7 2.0 2.6 | 5.5 | Variable (0.6-5.0) *+1.5 0.3~2.4 +15 | Current 0.7 VI v ||| |SR|SR| v | -40 ~ 125 | VQFN20SV4040

¥ SR:Self Recovery

6.5+0.1 4.0:0.1
(MAX 6.85 include BURR)
(4.0) -
o
po 11 3
BARRHEAARA J w o N <
o~ - !
gl ¢ G 5 E Z \1PIN MARK
< = o g - x
el - 0 o - E———— L4
CELERLLER 2 s
10 g &
0325 +005 [=[0.08 Ts] 29 e
017 -003 2.1:0.1 o
IE“ co0.2 " 0.5 =
é 11
g_ \aimtataiatal] - S
- 3 2B E S
2 e E I 3
8 8 065 i=[0.08 [s] ° 1P =B ~
i 3 +0.05 E ! +0.05
22 0.24-0.04 10 0.25 _g'ga
(Unit : mim) - (Unit : mm)
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Buck-Boost Switching Regulator Controller (BD9035AEFV-C)

Buck-Boost Automatic Switching Control Solution

for Low Voltage Drive

The BD9035 buck-boost switching controller features high

withstand voltage, a wide input range (VIN=3.8 to 30V), and is

capable of generating buck-boost output using only one inductor.
Boost-buck automatic switching control improves efficiency over
conventional REGSPIC switching regulators. In addition, high switching
frequency accuracy (£7%) is achieved throughout the entire operating
temperature range (Ta=-40"C to +125°C).

Product Overview: BD9035AEFV-C

Buck-boost output possible with only one inductor

Automatic Boost/Boost-Buck/Buck switching improves efficiency

® 3-mode automatic switching control

High accuracy oscillation frequency and built-in PLL external

synchronization function simplify noise countermeasures

@ High switching frequency accuracy: £7% (-40°C to +125°C)

® PLL enables a wide external synchronous frequency range:
100k to 600kHz

® Input voltage range: 3.8V to 30V (40V rating)

® Oscillation frequency range: 100k to 600kHz

® Two-stage overcurrent protection through one external resistor

® Output undervoltage/overvoltage protection and Power Good

DO

HTSSOP-B24

90.0

850

80.0

750

700

Efficiency [%)]

65.0

60.0

55.0

500

BD9035AEFV-C| 1

Low Voltage
Operation
o\
EN
04T T VREG3 VCC —
L VL sl
T VREG5
0.47uF T CL —=p Buck
«—] CLKOUT OUTH outL
? SYNC
RT VL 100pF
vout %E‘% BD9035AEFV-C . ML
COMP VREGS5 -< =>Buck-boost
F Vit ouTL
FB OuTL p——4—
PGND )—7! IWF OUTH
OVPLVL VREG3 =pBoost
|t Saligigipiph
I —
e :]; Ext | MOS Gate Wavef f
BD9035AEFV-C Application Circuit xterna ae vvavetorms for
Each Mode
— ‘ Buck DC/DC BD9035AEFV-C
! 4/;‘ ] Input Voltage I i p
I /);‘/' — i \ | [ i
=52 L '
1 y —— BD9035AEFV Output [ ............ .. — ».——-ﬂ-—f-ﬁ._f Kl "
: —— Conventional Control i ARTT T ™ o |
:// e e e ‘"—“———’ i
Automatic control improves efficiency T b i :...;..a,.. e L T A T
during buck operation .
| ] — —] T The buck-boost system maintains the output voltage even

o] 05

1 15 2

Output Current [A]

VIN=12V , VO

BD9035AEFV-C Efficiency vs Load Current

UT=6V , f=350kHz

when the Input Voltage < Output Voltage

BD9035AEFV-C Input vs Output Voltage
VIN=10V , VOUT=8V , f=350kHz

Automotive Regulator Selection Guide
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Push-Pull | Push-Pull 40 - 4.5 3.8 30 Variable +15 100 ~ 600 +7 Voltage 7 " A 4 - - -40 ~ 125 | HTSSOP-B24
% SR:Self Recovery
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Automotive Linear Regulator Lineup

Primary [Linear] Secondaryilinearlh il IETCCRAGELE

BDXXHCSMEF)-M u*l Rateq

Vollage

4.0 or Vo+1

4.0 or Vo+1

BDxxHCOMEFJ-M
S ———-1'

BD90COAWFP/FP/WHFP/HFP/WFPZ/FPZ cl
BDSOCOAWFP / FP / WHFP / HFP / WFP2 / FPZ-C

BD33COAWFP / FP / WHFP / HFP / WFP2 / FP2-C

BDOOCOAWFP / FP / WHFP / HFP / WFP2 / FP2-C

BDOOCOAWFPS-M [

-------::::: ____Boaz7iHrpC

BDxxHA5MEFJ-M
e T I I N
I N — —

BD3570/ 72/ 73 / 75YFP / YHFP-M

0.3

BDxxHA3

~
<
S
-
c
[
S
S
=
o
o
3
o
=
S
o

1.7]2.4] 2.6 2.69]3.5] 3.6

Automotive Regulator Selection Guide

3.8]3.94.0

BD450M2WEF) / WEFP / EFJ / FP3-C

o — ] ] ]

26.5| 30 35 |36] 40 |42] 45

Input Rail Voltage (V)
Technology for the automotive future
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Automotive Linear Regulator Product Family

LAEC-Qmo Qualified J

Ultra Low I
BD50FATMGM
6uA (Typ.) 300pA(Typ.)| 30vmAX, 0.1A
with Switch
Small Package
45V Max. 50V Max. 15V Max. Up to 10V
4 v Vi \ Max.
BD733L5(3.3V)FP-C | BD433M5(3.3V) BD3570Y(3.3V) BD3020/21HFP-M BD90COA(9V) BDxxGCOMEFJ-M BDxxHC5MEFJ-M
BD750L5(5.0V)FP-C | BD450M5(5V) BD3571Y(5V) 50VMAX, 0.5A LDO BD80COA(8V) BDxxGA5MEFJ-M BDxxHCOMEFJ-M
50VMAX,0.5A WFPJ/WFP2/FP/ BD3572Y(Variable) | X\ (oedebeectorand | BD50COA(5V) BDxxGA3MEFJ BDxxHASMEFJ-M
FP2-C FP/HFP-M BD33C0A(3.3V) -M/-C BDxxHA3MEFJ-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
EFJ/FP/FP3-C BD433M2(3.3V) with Voltage Detector and BDxxICOMEFJ-M
50VMAX, 0.2A BD450M2(5V) BD3573Y(3.3V) Watchdog Timer HFP/WFP2/FP2-C BDxxIASMEFJ-M
WEFJ/WFP3/EFJ/ | BD3574Y(5V) BDA271HFP-C 26.5VMAX, 1.0A 7VMAX, 0.5/1.0A
FP3-C BD3575Y(Variable) 45VMAX, 0.55A LDO BDOOCOAWFPS-M BUxxSD2MG-M
45VMAX, 0.2A FP/HFP-M with Voltage Detector 26.5VMAX, 1.0A 6.5VMAX, 0.2A
50VMAX, 0.5A
with Switch BD4275FP2/FPJ-C BUxxJA2MNVX/VG-C
45VMAX, 0.5A LDO 6.5VMAX, 0.2A
with Voltage Detector Ultra Small Package
BD4269FJ/EFJ-C 2
45VMAX, 0.2A LDO  [NTHW
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 nolog y for the automo t iVe 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
only 6uA (Typ.).

There regulators are therefore ideal for applications requiring a direct connection to the battery
and a low current consumption. Ceramic capacitors can be used for compensation of the
output capacitor phase.

Furthermore, these ICs also feature overcurrent protection to protect the device from damage
caused by short-circuiting and an integrated thermal shutdown to protect the device from
Overheating at overload conditions.

BD733L2FP-C
BD733L2EFJ-C H—L 0285 10y cAN
.y BD733L2FP3-C
Battery >{| BD733L5FP-C 3.3V, 0.5y MCU, CAN
BD750L2FP-C
BD750L2EFJ-C oV, 0.2A S>{MCU, CAN
BD750L2FP3-C
BD750L5FP-C 5V, 0.54 s f\icu. CAN

Product Overview: BD7xxLxxxx-C

® Ultra-low quiescent current: 6pA (Typ.)

@ Output transistor : Low saturation Pch DMOS (3Q Typ.)

® \/CC maximum voltage : 50V

® Output current : 200mA (Max.) / 500mA (Max.)

® Output voltage 1 3.3VE2%/5.0VE2%

® Enables low ESR ceramic capacitors to be used for output phase compensation

® Integrated output current control circuit protects the IC against damage due to short circuits
® Built-in thermal shutdown prevents IC overheating due to overload conditions.

R

HTSOPJ-8
BD733L2EFJ-C
BD750L2EFJ-C

Iq [HA]

TO252-3
BD733L2FP-C
BD733L5FP-C
BD750L2FP-C
BD750L5FP-C

Automotive Regulator Selection Guide

SO0T223-4
BD733L2FP3-C
BD750L2FP3-C

(D

Low Quiescent
Current

VCC

GND

BD7xxLxxxx-C

VOUT

>

4.7uF or higher

* the capacitance of 4.7uF
or higher is maintained
at the intended applied

voltage and temperature
range.

BD7xxLxxxx-C Application Circuit

30pA

90

Quiescent current

reduced 80%

(@lo=0mA)

60

g [HA]

Conventional
(BD357xY)

30

Under
Development 0
(BD7xxLx)

BD357x: 80pA(Typ.)
@lo=100mA

uiescent current
reduced 92%
(@lo=100mA)
BD7xxLx:

6pA (Typ.)
@lo=100mA

0 50 100
lo [mA]

BD7xxLxxxx-C Quiescent Current Comparison

Technology for the automotive future
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Primary Linear Regulator Selection Guide

BD733L2FP-C - - B T0252-3
BD733L2EFJ-C 437 0.20 0.60@0.20A ; ; A HTSOP-J8
3.3
BD733L2FP3-C : ; A SOT223-4
BD733L5FP-C 417 0.50 0.40@0.20A ] ] B T0252-3
50 45 +2 6 40~+125@Ta
BD750L2FP-C - - N T0252-3
BD750L2EFJ-C 538 0.20 0.40@0.20A ; ; A HTSOP-J8
5.0
BD750L2FP3-C : - A SOT223-4
BD750L5FP-C 5.6 0.50 0.25@0.20A ] ] B T0252-3
BD433M2EFJ-C | » - | ; | - | - | - | ; | ; | HTSOP-J8
BD433M2FP3-C | @0.20A . . -] -1-1-1] SOT223-4
/ 0.20 0.20@0.10A 40
BD433M2WEFJC | 3.9 Internal | : -1 -17-1-] HTSOP-J8
BD433M2WFP3-C @l Internal : A N N e SOT223-4
3.3
BD433M5FP-C » - ; - - - - T0252-3
BD433M5FP2-C @0.50A - - - - - - - T0O263-3
/ 0.50 0.25@0.30A 38
BD433M5WFP2-C 40 Internal ; A T0263-5
BD433M5WFPJ-C s Internal - A T0252-J5
45 42 +2 40~+150@Tj
BD450M2EFJ-C o8 ] - N HTSOP-J8
BD450M2FP3-C @0.20A - - - - - - - SOT223-4
/ 0.20 0.16@0.10A 40
BD450M2WEFJ-C o Internal ; A HTSOP-J8
- nterna - - - - - - -
BD450M2WFP3-C R Internal SOT223-4
5.0
BD450M5FP-C oo - - N T0252-3
BD450M5FP2-C @0.50A - - - - - - - TO263-3
/ 0.50 0.20@0.30A 38
BD450M5WFP2-C B Internal ; A T0263-5
BD450M5WFPJ-C @2 Internal : A T0252-J5
MBDSOFMMG-M 30 |vorso| 25 | 5.0 | o010 | 2 | so0@otoa | s00 | intenal - | -] -] -1]-1-[4o~+o0s@ra SSOP5
16
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BD3570YFP-M 33 - - - -
BD3571YFP-M 5.0 - - - -
0.25@0.20A
BD3572YFP-M Variable (2.8-12.0) - - -
T0252-5
BD3573YFP-M 3.3 - - - -
BD3574YFP-M 5.0 Internal - - -
0.25@0.20A
BD3575YFP-M Variable (2.8-12.0) - - -
50 45 36 0.50 +2 30 -40~+125@Ta
BD3570YHFP-M 33 - - - -
BD3571YHFP-M 5.0 - - - -
0.25@0.20A
BD3572YHFP-M Variable (2.8-12.0) - - -
HRP5
BD3573YHFP-M 3.3 - - - -
BD3574YHFP-M 5.0 Internal - - -
0.25@0.20A
BD3575YHFP-M Variable (2.8-12.0) - - -
BD3650FP-M 36 | 56 30 | 5.0 0.30 +2 0.20@0.20A 500 - - - | - 40~+125@Ta | TO252-3
BD3020HFP-M 410 =2 | v HRP7
50 5.6 36 5.0 0.50 +2 0.30@0.20A 80 - -40~+125@Ta
BD3021HFP-M 450 | £2 | - HRP7
BD3010AFV-M 50 6.0 36 5.0 0.20 +2 0.25@0.15A 80 - 425 | +3 40~+125@Ta | SSOP-B20
BD4275FP2-C 5.5@0.3A 26 TO263-5
45 / 45 5.0 0.50 +2 0.25@0.30A 65 ; sa2| 1| - "L%~:11%%@TT?
BD4275FPJ-C 5.9@0.5A +2.8 - @Tj TO252-J5
BD4269FJ-C 0.20 A0 SOP-J8
45 55 45 5.0 +2 0.25@0.10A 70 - 462 | +26] - ‘:'1%::125%@??‘
BD4269EFJ-C 0.30 - @Tj | HTSOP-J8
55@0.3A
BD4271HFP-C 45 / 45 5.0 0.55 +2 0.20@0.30A 75 5 465 | +26] - '_‘;%;1125%%??‘ HRP7
6.0@0.55A )
17




0.30

BDOOCOAWFPS-M 35 \;163 o0 | 265 | variable 3.0-150) | 1.0 +3 @0.50A 500 Internal - |- -40~+105@Ta | T02525-5
: Vo2 5.0
BD33COAFP-C ) - |- T0252-3
BD33COAFP2-C 43 33 - ; : - -] | T0263-3
BD33COAHFP-C . . A HRP5
BD50COAFP-C ; ; N T0252-3
BD50COAFP2-C 6.0 5.0 - ; |- T0263-3
BD50COAHFP-C ; - |- HRP5
BDBOCOAFP-C ; : |- T0252-3
0.30
BD80COAFP2-C 9.0 8.0 @0.50A ) - = = T0263-3
BD8OCOAHFP-C . - |- HRP5
BDYOCOAFP-C . - |- T0252-3
BD9OCOAFP2-C 10.0 9.0 ; - N T0263-3
BD9OCOAHFP-C - - |- HRP5
BDOOCOAWFP-C o ) |- T0252-5
BDOOCOAWFP2-C 35 or 265 | Variable (1.0-15.0) | 1.00 +3 e 500 . - | -40~+125@Ta | TO263-5
Vo+1.0 =5
BDOOCOAWHFP-C . A HRP5
BD33COAWFP-C - |- T0252-5
BD33COAWFP2-C 43 33 - ; |- T0263-5
BD33COAWHFP-C - |- HRP5
BD50COAWFP-C ) |- T0252-5
BD50COAWFP2-C 6.0 5.0 Internal - |- T0263-5
BD50COAWHFP-C . N HRP5
BDBOCOAWFP-C - |- T0252-5
BDBOCOAWFP2-C 9.0 8.0 0.30@0.50A - |- T0263-5
BD8OCOAWHFP-C ; |- HRP5
BDYOCOAWFP-C : |- T0252-5
BDYOCOAWFP2-C 10.0 9.0 : |- T0263-5
BD9IOCOAWHFP-C - |- HRP5
Automotive Regulator Selection Guide 18
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Primary Linear Regulator Selection Guide

1
0.27:0.1

6.5:02 ©
6.5:0.2 6.5:0.2 2.3:0.2 Cos m— g 5801 230 ‘9%
w02 | CO5 N 51707 ¥ - o
51707 /7:’ 205 o Cos 0.5:0.1 e o g | 53350 h 5%2 b53£003
517 @ = FiN
0.5:0.1 0.1 il Iy
o il " b _|& o =
o=
21 FIN ~ 2 | & #T W'\ =
o o a1 FIN | H B O waF < 10 3
g g = \ S| o | @120 401 s - T
w O e 2 Z I S = E-PIN 3
& 2 “ = % g A
T T2 T %o @ O @ s ~ a N
i —— 5 onlh? WY e = HUg
< THECH G 21 "’I ey 06350085 | S 1.1420.1 L
0.65 065 L g HRH | o 0.27+0.1 - - - - il Ty
0.540.1 ] 0.530.03
0.75 | ] 0.5:0.1 =
- g
0.5 | | 1.27 4 Fag]
2.3+0.2| 23+02 1.0+0.2 1.0:0.2 S B
(Unit : mim) (Unit : mm) (Unit : mm) (Unit : mm)

35 Wiy o] 13 653005
10,162 1.0 Ze|  as74H 101610 Sl asiy .
= 1274005 - 1.27£005 302520085
7904 p g 7904 b g
Sl - = Sl F
clel i 5 slellim—~ -
S - | HlS _ =
= s ! 2 B = b
- + & 1l
= w tdo1gs = - o =(E
= =
269=0.1 ) H H H
Tx2 S D20RH01 0, : ] Txz x|
E-PIN M
.0 835+ 0.085 - ,0.836 40,065 =
- P4 Al S %
- " %
sC ] 17085C e g HER
025BSC o =2 0.25B5C o -
1 -2
==
HiH
i
—2
(Unit - mm) (Unit - mm) = (Unit - mm)
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9.395:0.125
(MAX 9.745 include BURR)
o~
2 88201 1.905:0.1
= | 6.5
5 F—(—'—‘
= = N
e
D o
o ORI
= T E
2 T
s R E
A @ o |
|| + - S| -
1 2z 3 U 5
1.2575) -
astyE
‘ 027434
linliminiminin =
w s/ 4
g L1 073:01
i : = 0.08
g
s
(Unit -

mmy)

9.39520.125

4.9+0.1
(MAX 9.745 include BURR) (MAX 5.25 include BURR)
~
3 8.82:0.1 1.90540.1 3.2) +oo
= ™ 4o
2 (6.5) T e w| o
~ sl g
S o T - . 3 8
I i K
@ & b b 3 3 S
= N 32 - TI1
S =] 1| =
E 3 23 3z
@ - [ @l &< 1PIN MARK
S| - 0545 +0.05
THHEEEHE — . _J 017003
osers [[1 2348 8T e 455 g 54
4.5 4 e S L
+01 - Eil +0.05
0.27 -0.05 '
_ w| o 042 004
o 54 % § ] 0.0840
S
3 &l 8 S 008[S
N . =1 = }
(Unit : mm) (Unit : mm)

6.4 +03

1.15+0.1

65:02

20
FRAEAAHAAGE

1L

™
o
5
3
< o
1 10
[ i}
T IHIjQ
5 —&[ 61
Al 0865
=}
022201
Aozzs01

0.3Min.

015+ 01

(Unit - mm})

1.25Max.

28402

2.920.2

-

=

16102

-

1.1+0.05

0.05£0.05

(Unit : mm)
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Compact J

[BDxxG/H/IxxMEFJ/HFN-M/-C] [BUxxJA2MNVX-C]

Absolute Maximum Rating G:15V H:10V |:7V |—> Absolute Maximum Rating 6.5V

BUxxJA2MNVX-C

Vin OT VIN VOUT Vout
-M/-C . -M/-C
C‘NI Vce Vo N % o CINjT_: \\ Vce Vo :_E Cour Cin I ICOUt
= Vo_s
= FB = = - =

BDxxG/H/IxxMEFJ/HFN BDxxG/H/IxxMEFJ/HFN

EN EN =
R2
GND FIN 1 GND FIN on
< + i + iR
= = off | | STBY
Cin,Cour : Ceramic Capacitor Ci,Cour : Ceramic Capacitor GND
Variable Output Type Fixed Output Type Jf_
Application Circuit Application Circuit Application Circuit
BI|ID 0 0llG|l x x || M E F J - M ® |nput Volltage Range: 1.7V to 6.0V (6.5V Rating)
@ Low Quiescent Current: 35pA (Typ.)
' 1 1 I a )L ' ® Output Current: 200mA (Max.)
| | | | | ® Output Voltage Accuracy: =2% (Ta: -40°C to +125°C)
Output Voltage Series Output Package Automotive ® High PSRR (Ripple Rejection): 70dB Typ.@1kHz
00: ADJ (ABS max Current EFJ: HTSOP'JS Gl‘ade [ |ntegrated Standby function
xx: Fixed |npét_ v105|t\79e) 22 822 HFN:HSON8 ® Enables the use of low ESR ceramic capacitors for output phase compensation
H:10v  CO0:1.0A M: Automotive (0.22pF Min.)
-7V . C5:15A ® Integrated overcurrent protection protects the IC from damage due to output
short circuits
® Built. . : .
@ Shutdown circuit current: OpA (Typ.) Built-in thermal shutdown function prevents IC overheating during overload
® Output voltage accuracy: -M=£3% (Ta: -40°C ~ +105C)
-C=+2% (Ta: -40°C ~ +125°C)
® [nternal standby function é :
® Enables the use of low ESR ceramic capacitors for output phase compensation (1.0uF Min.) O
® Integrated output current control circuit protects the IC from damage due to output short circuits

® Built.i . .
Built-in thermal shutdown to prevents IC overheating during overload HTSOPJ-8 SSOP5 SSONOO4R1010

Automotive Regulator Selection Guide Te Ch nology for the auto motive future 21
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Functions
Input Voltage - o3 o} .
Maximum Range Output Voltage QUTlaLE | (Ol Dropout Voltage Cireuit 1 gy, t- & & Ol
(V) Current | Voltage Current © & = P Temperature
Part No. Voltage V) V) down | Others > > x ) Package
(A) Accuracy (MA) . < el Range
V) Typ. o Typ. Switch s sl s & © .
Max. (%) Typ. 28 SN £ (C)
. ss|g2|8z| 5 |52
win. e S8 |&8|88| = [z2
BDxxGCOMEFJ-M 15 4.5 14 Variable(1.5-13.0) 1.00 & 0.60@1.00A 600 Internal = = = = = HTSOP-J8
/15/18/25/3.0
BDxxGA5MEFJ-M 15 4.5 14 /33/50/6.0/7.0 0.50 +3 0.60@0.50A 600 Internal - - - - - -40~+105@Ta HTSOP-J8
BDxxGA3MEFJ-M 15 45 14 /8.0/9.0/10.0/12.0 0.30 +3 0.60@0.30A 600 |Internal - - - - - HTSOP-J8
BDxxGA3MEFJ-C 15 45 14 Variable / 3.3 /5.0 0.30 +2 0.60@0.30A 600 Internal - - - - - -40~+125@Ta HTSOP-J8
BDxxHC5MEFJ-M 10 4.5 8.0 1.50 E=S) 0.60@1.50A 600 Internal - - - - - HTSOP-J8
BDxxHCOMEFJ-M 10 4.5 8.0 1.00 ==3) 0.60@1.00A 600 Internal - - - - - HTSOP-J8
Variable(1.5-7.0) -40~+105@Ta
BDxxHASMEFJ-M 10 4.5 8.0 /15/1.8/25/3.0 0.50 +3 0.60@0.50A 600 Internal - - - - - HTSOP-J8
/3.3/5.0/6.0/7.0
BDxxHA3MEFJ-M 10 4.5 8.0 0.30 +3 0.60@0.30A 600 Internal - - - - - HTSOP-J8
BDxxHA3MEFJ-C 10 4.5 8.0 0.30 +2 0.60@0.30A 600 Internal - - - - - -40~+125@Ta HTSOP-J8
BDxxICOMEFJ-M 7 24 515 Variable(0.8-4.5) 1.00 =3 0.40@1.00A 250 Internal - - - - - HTSOP-J8
/10/12/15/1.8 -40~+105@Ta
BDxxIASMEFJ-M 7 24 5.5 /125/3.0/3.3 0.50 +3 0.40@0.50A 250 Internal = = = = = HTSOP-J8
12/15/18/25/ 0.28/0.18/0.15
BUxxSD2MG-M 6.5 1.7 6.0 28/3.0/33 0.20 +2 /0.10 / 0.085@0.10A 88! Internal - - - - - -40~+105@Ta SSOP5
1.0/12/125/1.5 +54mV | 0.8/0.6/0.44@0.20A
BUxxJA2MNVX-C | 6.5 17 6.0 18/25/28/285 | 020 0.38 028 /026 / 35 |internal| - . - - SSON004R1010
E=S) -40~+125@Ta
/3.0/ 3.3 0.24 /0.22 @0.20A
BUxxJA2VG-C 6.5 1.7 6.0 1.8/3.3 0.20 +2 0.16 / 0.085@0.10A 33 |internal| - . . . . SSOP5
HTSOP-J8 SSOP5 SSONO004R1010
4940 1 w s |
(MAX 5 25 include BURR) 29:02 P 0
4=
(32) +600 5 4 J )
| EI I% 5 f A g o ; Q - . i]
= g & il = -
Fi 1% ]
¢ o = Q g ° o - > = E
Ton =j=gs :E o _
\__1PIN MARK H 813 .
0545 017503 013 0 =Y :
> % y g [ = 3 S oA
> S H;:_‘Lujr - .4 I‘ = ! 0.05 ¢ vourl 02 =
27 005 a4 \ 042 X
o = \ Loz *0.04 mrogEm o8l \?l_ 004 ; L/
2 2 \ s = TeLotls E O
Sl e Wi,/ TSTevT |
(Unit - mm}) (Unit - mm) -+~ (Unit - mm)
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Leveraging Power Supply IC Characteristics

Thermal
Characteristics

The following definitions comply with JEDEC Standard JESD51

Noice

Thermal Resistance - Characteristics

Symbol Definition Applications Formula
Thermal resistance between junction temperature Comparison of heat dissipation
SN (T,) and ambient temperature (T,) when the characteristics between different B)a=(Ty;—Ty) /P
package is mounted on a PCB. packages.
Thermal characteristics parameter representing Estimation of the junction
the temperature difference between the junction temperature.
Wi, temperature (T,) and the temperature of the center Y, =(T,-T;)/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.
B,c.top | Package (T rop)- Heat is dissipated only through Bctop = (Ty—Terop) /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
80,0801 | Package (T gor)- Heat is dissipated only through metal is exposed at the bottom for 80801 =(T;—Tcgor) /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 ¥ ; 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 Resistance (Low)
mob s Ta0e ol Fackage V """"" *> Thermal Resistance (High)
e Bua Heat conduction and radiation to the air
Wt < 1

Package (Mold) v
*, K4 .
Package (Lead) -, 4 Junction

Package (Island) _— Chip/\
g /—\ Copper Layers

i = —— 7

K{/ “/|_— PCB (FR4)

¥—_—’/
Bottom Surface of Package -—_— @ @ @ *Image: HTSOP-J8 package

Thermal Conduction

Junction Temperature: T

@6, ;o1 Thermal resistance from the junction to the bottom
surface of the package. (Heat radiated only through the bottom of
package. Other pathways insulated.)

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

Junction Temperature: T, , \ ™ I Resist
ermal Resistance

:0Jc-BOT

«— Cold Plate

Y

Tempera_ture at the top of ? Thermal Resistance: — "
package:Tc-Top oS
Temperature at the bottom of | <—— Cold Plate

Junction Temperature: T,
package: Tc-BoT
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Leveraging Power Supply IC Characteristics

chommermel .. Noise Noise Characteristics - Tolerance

EMC (Electromagnetic Compatibility) EMC problems on the same board
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 ISO11452
performance even when receiving interference. [ Al_Jtomotive ] [ Agtomotive ]
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 (Electromaagnetic 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 ISO11452
generate noise which can interfere with the target IC and Automotive Automotive
lead to malfunction and cause operation to fail. Equipment Test]l Equipment Test]j

In this case robust circuit design is required.

/

< Radiant Noise
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PCB Design Checkpoints

Possible Concerns Regarding Improper DC/DC PCB Layout

EMC performance, Pl (Power Integrity) decrease
Deterioration in basic performance (i.e. output voltage accuracy)
Unstable operation (e.qg. oscillation, SW waveform splitting)

Recommendations on PCB Design

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

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

. The resistor RT for determining the oscillating frequency should be

located near to the GND pin (reference GND).

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

to the feedback pin, shortening the wiring from the feedback resistor to
the feedback terminal.

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

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
feedback line under the inductor.)

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

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

. Do not use thermal relief whenever possible.

= Deteriorating high frequency characteristics

Automotive Regulator Selection Guide

Technology for the

Notes on Thermal Relief

Please consider capacitor layout to minimize noise.

&

Slit

ESL Slit

<— Via

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

=

desired noise removal effects.

Ideal

ESL (PCB)

g
% ESL (Via)

- Ideal Layout

I
ctual
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Leveraging Power Supply IC Characteristics

Thermal

snaracierictics Noise  Conductive Noise Countermeasure Example

Conductive Noise (Battery Side) Conductive Noise (Ground Side)
" AM Band CB~FMBand " an CB~FM Band
— Peal — Peal
80 — Ave 80 — Ave
100uH _
_________ - 70 AMN (PK) 70 ANN (PH)
PN iy i e S P9 > ] AN AV - AU (AY)
{ / i 60 60 !
i === 1l il = n = 50 : -~
LA PE e [ | Eiamal -
\ \ / ] = 40 8 w0 \
-~ : B 2 *_
(e N . g - I SenIm
220uF/50v 0.1uF/50v 2 20 poaite 2 Wi T
S— A : . z 10 e lw"“ - ; 105 i e
ESR=0.16Q/DCR=0.330Q : el gRefert?SimSur:ﬁng of MURATA 0 [y Sttt i | o [ Pl ot il i
: i -10 -10
g . 415kHz ;5 -0 q e 2
£ 150k | From the attenuation characteristics of the low pass |10 1504 150 Sook W o Frequeni: e o zom SoM T00M 150
- == = filter, an atienuation of about 60dB is expected at @ (= == == - - -— - -— -— - -— - - = = = = = -
. e Rt %—Tl switching frequency of 415kHz (harmonics as well) — Peak 90 — Peak
10 w o w100 Lol M 1 " " {E0) 80— — Ave 80 — Ave
P S " [ 1 T TT11] [ [ T [TTTT T T [ 171 G o o
Attenuation char risti — . . )
atst‘:e:?‘tf‘:onf tﬁeagtj.rssti:: Impedance of the 0.1uF o Adding a 0.1uF decoupling capacitor decreases —HNGRD AN (AY)
of the low pass fllter /50v bypass capacitor 5 s impedance between 10M and 100MHz g
£ - NSNS 3w - s
E 40 ?!.\ E,
2200pF/50v = 30 - Tz = 30
100uH 5 2uf/s0v - 2 20 o s i I S 20 ety ¥
T Z1 10 “*“ﬁ?"m 3 10 ot u& b 0
LI
= = = = 1= 0 et L-—----l.. ¥ 0 dofol b -1- ¢ Nt
\/ ;
= N7 = -20 -20
220uF/50v 0.1uF/50v 150k 500k 1L} M SM 10M 20M S0M 100M 1508 150k 500k L} M 5M 10M 20M 50M 100M 150M
Frequency [Hzl Frequency [Hz]
a0 T ) T — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
MURA'_rAﬁ SimSurfingkY
% il | %— Adding a 2200pF decoupling capacitor decreases — Peak % — Peak
i % — impedance between 100M and 200MHz. ve 8 e
: 0 :2  —— — I I T T T TTTIT I | —— :mm; ;: :mm;
o e Clears CISPR25 Class5 in all bands o
g 0 - z -
LU0 I " L [T TEonn :i- 40 =1 E 40 —=
Freoue noylMHz] E 30 . ‘:':1 a0
Impedance of Bypass e e T ] - 2 0t ] "
Capacitor 2200pF /50v 105 Tt i e 10 —— — ¥ -
0 .A ool 1—--]- 7 0 M LA . l :
-10 -10 i
-20 =20
150k 500k i u 5 10M 208 SoM 100M 150M 150k 500k 1] M 5M 10M 200 S0M 100M 150M
Frequency [Hz] Frequency [Hz]
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Appendix : Waveform Data Acquisition Techniques

| 20mV/div@AC

2.0ps/div

20mV/div@AC

Noise occurrence ?

5 .+1n L) DO TSNP |

400ns/div 20ns/div

No noise

= 2.0ps/div | B 20ns/div

1

Resonant Frequency =
2*mV(Lg * Cp)

Lg:Probe Ground Lead Inductance

Cp:Probe Input Capacitance

§ Cp - 10MQ g

00
\ /( Lg Y,

Object to Be Measured Probe Equivalent Circuit

Automotive Regulator Selection Guide
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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.

8 Although at 2.0ups/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.
28
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Notice

Precaution on using ROHM Products

1.

If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (ota 1)

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 kel CLASSII crassll

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

Qur 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 Clz,
Hz2S, NHz, 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.

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, 802, 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

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.

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.

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.:

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.

2.

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

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

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.

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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