ROHIM Technical Note

SEMICONDUCTOR

Large Current External FET Controller Type Switching Regulators ‘ Pb ;%‘*

Step-up/down, High-efficiency ZFree RoHS
Switching Regulators (Controller type)

BD8303MUV No0.13028EBT02

e General Description
ROHM'’s highly-efficient step-up/down switching regulator BD8303MUYV generates step-up/down output including 3.3V /5V
from 1 cell of lithium battery, 4 batteries, or 2 cells of Li batteries with just one inductor.
This IC adopts an original step-up/down drive system and creates a higher efficient power supply than conventional
Sepic-system or H-bridge system switching regulators.

e Features
1)Highly-efficient step-up/down DC/DC converter to be constructed just with one inductor.
2) Supports a wide range of power supply voltage range (input voltage: 2.7 V - 14.0 V)
3) Supports high-current application with external Nch FET.
4) Incorporates soft-start function.
5) Incorporates timer latch system short protecting function.
6) High heat radiation surface mounted package QFN16 pin, 3 mm x 3 mm

e Application
General portable equipment like DVC, single-lens reflex cameras, portable DVDs, or mobile PCs

e Absolute Maximum Ratings

Parameter Symbol Rating Unit

VCC 15 V

VREG 7 V

Between BOOT 7 Vv
Maximum applied power voltage 1,2and SW 1,2

Between BOOT

1, 2 and GND 20 v

SW1, 2 15 V
Power dissipation Pd 620 mwW
Operating temperature range Topr —25to +85 °C
Storage temperature range Tstg —55to +150 °C
Junction temperature Tjmax +150 °C

When installed on a 70.0 mm x 70.0 mm x 1.6 mm glass epoxy board. The rating is reduced by 4.96 mW/°C at Ta = 25°C or more.

e Operating Conditions (Ta = 25°C)

Standard value .
Parameter Symbol MIN VP MAX Unit
Power supply voltage VCC 2.7 - 14 Vv
Output voltage VOUT 1.8 - 12 Vv
Oscillation frequency fosc 0.2 0.6 1.0 MHz

* These specifications are subject to change without advance notice for modifications and other reasons.
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e Electrical Characteristics
(Unless otherwise specified, Ta = 25 °C, VCC = 7.4 V)

Parameter Symbol — Target_ Value - Unit Conditions
Minimum | Typical | Maximum
[Low voltage input malfunction preventing circuit]
Detection threshold voltage Vuv - 2.4 2.6 \ VREG monitor
Hysteresis range AVuvhy 50 100 200 mV
[Oscillator]
Oscillation frequency | fosc | 480 | 600 | 720 | kHz |RT=51kQ
[Regulator]
Output voltage | VREG | 47 | 51 | 55 | Vv ]
[Error AMP]
INV threshold voltage VINV 0.9875 1.00 1.0125 V
Input bias current IINV -50 0 50 nA Vee=12.0V, |lINnv=6.0V
Soft-start time Tss 2.4 4.0 5.6 msec RT=51kQ
Output source current IEO 10 20 30 JA VINV=0.8V , VFB =1.5V
Output sink current IEI 0.6 1.3 3 mA Vinv=1.2V , VFB =1.5V
[PWM comparator]
SW1 Max Duty Dmax1 85 90 95 % HG1 ON
SW2 Max Duty Dmax2 85 90 95 % LG2 ON
SW2 Min Duty Dmin2 5 10 15 % LG2 OFF
[Output]
HG1, 2 High side ON resistance RoONHp - 4 8 Q
HG1, 2 Low side ON resistance RoNHN - 4 8 Q
LG1, 2 High side ON resistance RONLp - 4 8 Q
LG1, 2 Low side ON resistance RoNLnN - 4 8 Q
HG1-LG1 dead time Tdeadl 50 100 200 nsec
HG2-LG2 dead time Tdead2 50 100 200 nsec
[STB]
STB pin Operation VsTBH 2.5 - VCC \Y
control voltage | No-operation VsTBL -0.3 - 0.3 Vv
STB pin pull-down resistance RsTB 250 400 700 kQ
[Circuit current]
Standby VCC pin IsT : : 1 VA
current
U et current at operation lec1 . 650 1000 VA | Vinv=12V
gg%"th;"e”t at operation lcc2 - 120 240 UA | vinv=l2v
vw.rohm.comm 2/15 2013.07 - Rev.B
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e Reference Data
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Efficiency data (VOUT =5.0 V)
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Fig.19 heat reduction curve (IC alone)
When used at Ta = 25°C or more, it is reduced by 4.96 mW/°C.
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e Description of Pins

o s Pin No. Pin Name Function
8 1 8 o 1 RT Oscillation frequency set terminal
= > o = 2 INV Error AMP input terminal
R 3 FB Error AMP output terminal
(TP P 4 GND Ground terminal
RT pases annn SW1 -
caes - N 5 STB ON/OFF terminal
INV : : : LG1 6 BOOT?2 Output side h|gh-_S|de driver input
: : terminal
FB [...: : i "1 PGND 7 HG2 Output side high-side FET gate drive
semn Ammmssssessd  amas terminal
GND fe==* e LG2 SwW2 Output side coil connecting terminal
d"% Jd"N J"N 4N - - "
R 9 LG2 Output side Iow—snje FET gate drive
" " o= omom o= omom terminal
10 PGND Driver part ground terminal
m N o Input side low-side FET gate drive
|_
5 8 % % 1 LG1 terminal
m 12 SW1 Input side coil connecting terminal
13 HG1 Input side h|gh-S|d.e FET gate drive
terminal
Fig. 20 Pin layout 14 BOOT1 Input side hlgh-s_lde driver input
terminal
15 VREG 5 Vinternal regulator output terminal
16 VCC Power input terminal
e Block Diagram
VBAT
1
|[=
i
VOUT
] |oso| [uner] swi — i
T LG1
N {4
VR co'm’;m PGND
EE I FB- VREG
. ' p | Lo
FB=H CONTROL r=
GND a

0OSC x 8200 count

PRE
DRIVER

=T 3] ¢
@] T %]
A

Fig. 21 Block diagram
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e Description of Blocks

1. VREF
This block generates ERROR AMP reference voltage.
The reference voltage is 1.0 V.

2. VREG
5.0 V output voltage regulator. Used as power supply for IC internal circuit and BOOT pin supply.
Follows power supply voltage when it is 5.0 V or below and also drops output voltage.
For external oscillation preventive capacitor, 1.0 uF is recommended.

3. UVLO
Circuit for preventing low voltage malfunction
Prevents malfunction of the internal circuit at activation of the power supply voltage or at low power supply voltage.
Monitors VREG pin voltage to turn off DC/DC converter output by changing output voltage of HG1, 2 and LG1, 2 pin to L-logic
when VREG voltage is 2.4 V or below, and reset the timer latch of the internal SCP circuit and soft-start circuit.

4. SCP
Timer latch system short-circuit protection circuit
When the INV pin is the set 1.0 V or lower voltage, the internal SCP circuit starts counting.
The internal counter is in synch with OSC; the latch circuit activates after the counter counts about 8200 oscillations to turn off
DC/DC converter output (about 13.6 msec when RT = 51 kQ).
To reset the latch circuit, turn off the STB pin once. Then, turn it on again or turn on the power supply voltage again.

5. OSC
Oscillation circuit to change frequency by external resistance of the RT pin (1 pin).
When RT =51 kQ, operation frequency is set at 600 kHz.

6. ERROR AMP
Error amplifier for detecting output signals and output PWM control signals
The internal reference voltage is set at 1.0 V.

7. PWM COMP
Voltage-pulse width converter for controlling output voltage corresponding to input voltage
Comparing the internal SLOPE waveform with the ERROR AMP output voltage, PWM COMP controls the pulse width and
outputs to the driver.
Also controls Max Duty and Min Duty.
Max Duty and Min Duty are set at the primary side and the secondary side of the inductor respectively, which are as follows:

Primary side (SW1) HG1 Max Duty : About 90 %,
HG1 Min Duty : 0%

Secondary side (SW 2) LG2 Max Duty : About 90 %,
LG2 Min Duty . About 10 %,

8. SOFT START
Circuit for preventing in-rush current at startup by bringing the output voltage of the DC/DC converter into a soft-start
Soft-start time is in synch with the internal OSC, and the output voltage of the DC/DC converter reaches the set voltage after
about 2400 oscillations (About 4 msec when RT =51 kQ).

9. Nch DRIVER
CMOS inverter circuit for driving external Nch FET.
Dead time is provided for preventing feedthrough during switching of HG1 =L - LG1=H,HG2=L—>LG2=Hand LG1=L —
HG1=H, LG2=L — HG2 = H.
The dead time is set at about 100 nsec in the internal circuit.

10. ON/OFF LOGIC
Voltage applied on STB pin (5 pin) to control ON/OFF of IC. Turned ON when a voltage of 2.5 V or higher is applied and turned
OFF when the terminal is open or 0 V is applied.
Incorporates approximately 400 kQ pull-down resistance.
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e Example of Application Circuit

* Example of application circuit: VCC = 2.7 — 5.5V, Vout = 3.3V, lout = 100 mA — 2000 mA

VCC =
27V-55V
Insert a filter <
as required. :f
é 1uE RB52[LCS-30
[ ) H v
owr L] - T 1 22pF
I RB521CS-30
RT@045N03
,7' IE 4.7uH
. S1"  'H(TDK'SLF10165) RTQO45N03  VOUT (set at 3.3 V)
uguugau =+
51k Q [0} — b ;——m\
E L T
43k MW RE § o Zsw T == ATUF
: INV g 8 LG1 c ) I "
=AW~ +6000p1] C [ RTQO4FNO3
FB PGND
GIiW\f—”'j (W RTQ;5N03
7.5k GND LG2
o0k P 5 ., O
150p 1 = K
j — Oonnn
HHTThE
ON/OF
Fig. 22 Example of application circuit (1)
* Example of application circuit: VCC=2.7 — 14V, Vout=5.0V, lout=100 mA - 1500 mA
VCC =
2.7V -14V
Insert a filter <
as required. g‘
fiur
T° T . rB521CS-30
0.1uF ' -
LA L
I RB521CS-30
RT(Q045N03
IE
[ opE—ig 4/
(TDK SLF10165) RTQ045N03  VOUT (set at 5.0 V)
51K OI.IOI.I HI.I Hl.l L | >
o k= O -|- |-
30k H RE & § T swi u B = i.AmF
INV LG1 IC
u C | RTIQ045N03
FB PGND (;5
jGND N LGZE RTQOZBN03
J . 5 o« O
- O O 2
[] 1] I un
ononn
l al 0.10F
ON/OFF

Fig. 23 Example of application circuit (2)
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* Example of application circuit: VCC=4.0 -14V, Vout=8.4V,

lout=100 mA — 1500 mA

VCC =
4.0V — 14V
Insert a filter <]
as required.
:f 1uF
T RB521CS-30 )
o1wr L 1 a7uF
I RB521CS-30 R STEENDS
IC 4.7uH
VT T4 (TDK SLF10165) RSS065N03  VOUT (set at 8.4 V)
100k guuu =
Ré g g §sw1 T = L >
27k W g 9 - 147pr2
u g }i RSH06HN03
FB PGND
7 5k 3. |':|GND - O | Rrsso#snos
' 200k PJmENNGC
100p h 8 23
onnn
'_|I 0.1k
ON/OF
Fig. 24 Example of application circuit (3)
* Example of application circuit:VCC=5- 14V, Vout=12V, lout=100 mA - 1500 mA
VCC =
5V—14V
Insert a filter <
as required.
4 10F
T RB521CS-30 )
RTT 1 10pF
I RB521CS-30 %;
RTQ045N03
:[ 10uH
TDK SLF10165) RTQ045N03
- EgEgEg 0.14F ( ) RTQ vouT12v
S § E @ T —/T m il
30k 'HMrjRg g § Towg | CL jL;M“F
P e = | RTQO45NO3
FB PGND
H —R
5.1k 1 :'GND N Le2 - RTQO45N03
ok H—H 5 o« O
180p 8 23
Oonnon
'_" U.1pF
ON/OF

Fig. 25 Example of application circuit (4)
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e Selection of parts for applications

(1) Output inductor
A shielded inductor that satisfies the current rating (current value, Ipeak as shown in the drawing below) and has a low DCR

(direct current resistance component) is recommended.
Inductor values affect output ripple current greatly. /\ \
Ripple current can be reduced as the coil L value becomes larger and the
switching frequency becomes higher as the equations shown below. \/ A l:L \/
Ipeak =lout x(Vout/VIN) /n+ AIL/2 [A] @) Fi9. 26Ripple current
(Vin-Vout) Vout 1
AiL= X X [A] (in step-down mode) (2)
L Vin f
|(Vin-Vout)| Voutx 2% 0.8 1
A= X x [A] ((in step-up/down mode)  (3)
L (Vin+Vout) f
Vout-Vin i 1
A= ( ) X Vin X [A] (in step-up mode) (4)
L Vout f

(n: Efficiency, AIL: Output ripple current, f: Switching frequency)
As a guide, output ripple current should be set at about 20 to 50% of the maximum output current.

* Current over the coil rating flowing in the coil brings the coil into magnetic saturation, which may lead to lower efficiency or
output oscillation. Select an inductor with an adequate margin so that the peak current does not exceed the rated current of
the coil.

(2) Output capacitor
A ceramic capacitor with low ESR is recommended for output in order to reduce output ripple.
There must be an adequate margin between the maximum rating and output voltage of the capacitor, taking the DC bias
property into consideration.
Output ripple voltage when ceramic capacitor is used is obtained by the following equation.

1
Vpp:AILX 4+ ALXResr V] -+ - (5)
27 xfxCo
1
Vpp=AlLx ________+ AlLXResg [V] ...(5)
21xfxCo

Setting must be performed so that output ripple is within the allowable ripple voltage.

(3) External FET
An external FET which satisfies the following items and has small Ciss (input capacitance), Qg (total gate charge quantity) and
ON resistance should be selected. There must be an adequate margin between the turn OFF time of MOS and the dead time to
prevent through-current.

Drain-source voltage rating: (Output voltage + BodyDiode Vf of MOS or higher)
Gate-source voltage rating: 7.0 V or higher
Drain-source current rating: IPEAK of Output inductor paragraph or higher

www.rohm.com
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(5) BOOT-SW capacitor

The capacitor between BOOT and SW should be designed so that the gate drive voltage will not be below Vgs necessary for the
FET to use, taking circuit current input to the BOOT pin into consideration. There must be an adequate margin between the
maximum rating and gate drive voltage.

Gate drive voltage

= (VREG voltage) - (Vf of Di) — (Voltage drop by BOOT pin consumption) [V] (6)
Voltage drop by BOOT pin consumption
= (Iboot x (1 /fosc) + Qg of external FET) / Cboot [V] @)

(6) REG-BOOT diode
A Schottky diode which satisfies the following items and has less forward pressure drop (Vf) should be selected.

Average rectified current: There must be an adequate margin against the current consumed by MOSFET switching.
DC inverse voltage: Input voltage or higher

(3) Setting of oscillation frequency
Oscillation frequency can be set using a resistance value connected to the RT pin (1 pin).
Oscillation frequency is set at 600 kHz when RT = 51 kQ, and frequency is inversely proportional to RT value.
See Fig. 27 for the relationship between RT and frequency.
Soft-start time changes along with oscillation frequency.
See Fig. 28 for the relationship between RT and soft-start time.
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Fig. 27 Oscillation frequency — RT pin Fig. 28 Soft-start time — RT pin resistance
resistance

* Note that the above example of frequency setting is just a design target value, and may differ from the actual equipment.

(4) Output voltage setting
The internal reference voltage of the ERROR AMP is 1.0 V. Output voltage should be obtained by referring to Equation (8) of
Fig. 29.

vouT
R1 ERROR AMP
INV
(R1+R2)
Vo= x1.0[V] ... (8)

R2 R2

VREF

1oV

Fig. 29 Setting of feedback resistance
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(9) Determination of external phase compensation

Condition for stable application
The condition for feedback system stability under negative feedback is as follows:

- Phase delay is 135 °or less when gain is 1 (0 dB) (Phase margin is 45° or higher)
Since DC/DC converter application is sampled according to the switching frequency, the GBW of the whole system (frequency
at which gain is 0 dB) must be set to be equal to or lower than 1/5 of the switching frequency.

In summary, target property of applications is as follows:

- Phase delay must be 135°or lower when gain is 1 (0 dB) (Phase margin is 45° or higher).
- The GBW at that time (frequency when gain is 0 dB) must be equal to or lower than 1/5 of the switching frequency.

For this reason, switching frequency must be increased to improve responsiveness.
One of the points to secure stability by phase compensation is to cancel secondary phase delay (-180°) generated by LC

resonance by the secondary phase lead (i.e. put two phase leads).
Since GBW is determined by the phase compensation capacitor attached to the error amplifier, when it is necessary to reduce

GBW, the capacitor should be made larger. A) -20dB/decade
C GAIN A
[dB] B)

FB

0° : :
PHASE K
[degree] -90°f — = 2 - ———
l Phase margil‘N
-180° Y

Fig.30 General integrator

1
Error AMP is a low-pass filter because phase compensation such Point (A) fp= [Hz] (9)
as (1) and (2) is performed. For DC/DC converter application, R is a 21TTRCA
parallel feedback resistance. 1
Point (B) fesw=>prc Hz]  (10)

Fig.31 Frequency property of integrator

Phase compensation when output capacitor with low ESR such as ceramic capacitor is used is as follows:

When output capacitor with low ESR (several tens of mQ) is used for output, secondary phase lead (two phase leads) must be
put to cancel secondary phase lead caused by LC.
One of the examples of phase compensation methods is as follows:

VOUT 1
c1 Phase lead fz1= >TRICI [Hz] (12)
R4 C2
R1 1
R3
- Phase lead fz2 = SnRACE [Hz] (12)
R2 1
Phase delay fpl = 2TI'RT [Hz] (13)
1
& L _
LC resonance frequency = [Hz] (14)

Fig.32 Example of setting of phase compensation 2m{(LC)
For setting of phase-lead frequency, both of them should be put near LC resonance frequency.
When GBW frequency becomes too hjgh due to the secondary phase lead, it may get stabilized by putting the primary phase
delay in a frequency slightly higher than the LC resonance frequency to compensate it.
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e Example of Board Layout

Fig.33 Example of Board Layout
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e |/O Equivalence Circuit

VREG

P%H ﬁlﬂk

VCC

RT INV
VREG
VREG _4 VREG
. - w»—qﬁb
o . b
GND
FB STB
VREG
VREG
VVYV k_ VCC
FB
STB
[ |
GND
_|
GND
BOOT1,2 LG1,2
HG1,2 PGND
SW1,2
BOOT1,2 VREG
B— ' [ |
_4 HG1,2 _‘4 LG1,2
JAN
4 4
SW1,2 PGND
[ | + [ |

PGND

Fig.34 1/0O equivalence circuit

VCC
VREG
GND

VCC

_4 VREG

GND
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@® Precautions for Use

1) Absolute Maximum Rating

We dedicate much attention to the quality control of these products, however the possibility of deterioration or destruction exists
if the impressed voltage, operating temperature range, etc., exceed the absolute maximum ratings. In addition, it is impossible to
predict all destructive situations such as short-circuit modes, open circuit modes, etc. If a special mode exceeding the absolute
maximum rating is expected, please review matters and provide physical safety means such as fuses, etc.

2) GND Potential
Keep the potential of the GND pin below the minimum potential at all times.

3) Thermal Design
Work out the thermal design with sufficient margin taking power dissipation (Pd) in the actual operation condition into account.

4) Short Circuit between Pins and Incorrect Mounting

Attention to IC direction or displacement is required when installing the IC on a PCB. If the IC is installed in the wrong way, it
may break. Also, the threat of destruction from short-circuits exists if foreign matter invades between outputs or the output and
GND of the power supply.

5) Operation under Strong Electromagnetic Field
Be careful of possible malfunctions under strong electromagnetic fields.

6) Common Impedance
When providing a power supply and GND wirings, show sufficient consideration for lowering common impedance and reducing
ripple (i.e., using thick short wiring, cutting ripple down by LC, etc.) as much as you can.

7) Thermal Protection Circuit (TSD Circuit)

This IC contains a thermal protection circuit (TSD circuit). The TSD circuit serves to shut off the IC from thermal runaway
and does not aim to protect or assure operation of the IC itself. Therefore, do not use the TSD circuit for continuous use or
operation after the circuit has tripped.

8) Rush Current at the Time of Power Activation
Be careful of the power supply coupling capacity and the width of the power supply and GND pattern wiring and routing since
rush current flows instantaneously at the time of power activation in the case of CMOS IC or ICs with multiple power supplies.

9) IC Terminal Input

This is a monolithic IC and has P+ isolation and a P substrate for element isolation between each element. P-N junctions are
formed and various parasitic elements are configured using these P layers and N layers of the individual elements.

For example, if a resistor and transistor are connected to a terminal as shown on Fig.-8:

O The P-N junction operates as a parasitic diode when GND > (Terminal A) in the case of a resistor or when GND > (Pin B) in
the case of a transistor (NPN)

O Also, a parasitic NPN transistor operates using the N layer of another element adjacent to the previous diode in the case of
a transistor (NPN) when GND > (Pin B).

The parasitic element consequently rises under the potential relationship because of the IC’s structure. The parasitic element
pulls interference that could cause malfunctions or destruction out of the circuit. Therefore, use caution to avoid the operation of
parasitic elements caused by applying voltage to an input terminal lower than the GND (P board), etc.

Resistor Transistor (NPN)
. B
(Pin A) PinB) ¢ R E
C R— O
4 L éKAD
Y] i
LMV P p+ P p+ (PinA)
N
N - - -
\ N 1 N | b
; N\La i 4 < Pavasitic Element
— A I A D Substrate |
P!Substr Parasitic Element '\ 7 gIT\lD
L - GND
7JT Parasitic Element
Fig.35 Example of simple structure of Bipolar IC
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BD8303MUV

Technical Note

® Ordering part number

B | D 81310 MUV ]|-|E]|2
R I R — J—
Part No. Part No. Package Packaging and forming specification
MUV: VQFNO016V3030 E2: Embossed tape and reel
VQFNO016V3030

<Dimension>

3.0+01

<Tape and Reel information>

Tape Embossed carrier tape
Quantity 3000pcs
. . E2
Direction o ) .
(The direction is the 1pin of product is at the upper left when you hold
of feed reel on the left hand and you pull out the tape on the right hand)

O 0O OO0 OO OO OO oo

® ® e ® ® T H
b N N 8
BN X IS @
- Reel 1pin Direction of fe d\
(Unlt:mm) ee When you order , please order in times the amount of package quantity.
www.rohm.com
15115 2013.07 - Rev.B
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Datasheet

Notice

@General Precaution

1)

2)

Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM'’s Products against warning, caution or note contained in this document.

All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM’s Products, please confirm the latest information with a ROHM sales
representative.

@Precaution on using ROHM Products

1

2)

3)

4)
5)

6)

7

8)

9)

Our Products are designed and manufactured for application in ordinary electronic equipments (such as AV equipment,
OA equipment, telecommunication equipment, home electronic appliances, amusement equipment, etc.). If you
intend to use our Products in devices requiring extremely high reliability (such as medical equipment, transport
equipment, traffic equipment, aircraft/spacecraft, nuclear power controllers, fuel controllers, car equipment including car
accessories, safety devices, 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.

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 safety

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

Our Products are designed and manufactured for use under standard conditions and not 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.

Notice - Rev.004
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@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.

2) In principle, the reflow soldering method must be used; if flow soldering method is preferred, 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.
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@Other Precaution
1) The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.

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

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

4) 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.

5) 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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