ROHIM Technical Note

SEMICONDUCTOR

Compact Headphone Amplifiers " Pb ;@'
Headphone Amplifier ..Free RoHS
Designed for 0.93V Low Voltage Operation

BU7150NUV No.15102EET01

@Description
BU7150NUV is Audio Amplifier designed for Single-cell battery operated audio products (VDD = 0.93 ~ 3.5V, at Ta=0~85°C).
BU7150NUV can be selected in single-ended mode for stereo headphone and BTL mode for mono speaker operations. For
BU7150NUV at VDD = 1.5V, THD+N = 1%, the output power is 14mW at RL = 16Q in single-ended mode and the output
power is 85mW at RL = 8Q in BTL mode.

@Features
1) Wide battery operation Voltage (0.93V~3.5V, Ta=0~85°C) (1.03V~3.5V, Ta= -40~85°C)
2) BU7150NUV can be selected in single-ended mode for stereo headphone and BTL mode for mono speaker operation
3) Unity-gain stability
4) Click and pop-noise reduction circuit built-in
5) Shutdown mode(Low power mode)
6) High speed turn-on mute mode
7) Thermal shutdown protection circuit
8) Power-on reset circuit not sensed during start-up slew rate of supply voltage
9) Small package (VSON010V3030)

@Applications
Noise-canceling headphone, IC recorder, Mobile phone, PDA, Electronic toys etc..

@Absolute Maximum Ratings (Ta=25°C)

Parameter Symbol Ratings Unit
Supply Voltage VDD 4.5 \Y
Input Voltage VIN VSS-0.3~VDD+0.3 \%
Input Current IIN -10~10 mA
Power Dissipation PD 560 * mwW
Storage Temperature Range TSTG -55~+150 °C

*For operating over 25°C, de-rate the value at 5.6mW/°C.
This value is for IC mounted on 74.2 mm x 74.2mm x 1.6mm glass-epoxy PCB of single-layer.

@Operating conditions

Ratings

Parameter Symbol - Unit
Min. Typ. Max.
Operation Temperature Range TOPR -40 - 85 °C
Supply Voltage (Note 1,2) VDD 0.93 - 3.5 \%

Note 1: If the supply voltage is 0.93V, BU7150NUV does not operate at less than 0°C.

If the supply voltage is more than 1.03V, BU7150NUV operates until -40°C.

(But, it is not the one which guarantees the standard value for electric characteristics.)
Note 2: Ripple in power supply line should not exceed 400mVp.p.(VDD=1.5V, Ta=25°C )
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BU7150NUV

Technical Note

@Electrical characteristics

Ta=25°C, VDD=1.5V, f=1kHz, VSS=GND unless otherwise specified.

Limits ) .
Parameter Symbol - Unit Conditions
Min. Typ. Max.

No Signal Operating Current IDD - 1 1.4 mA | No load, No signal
Shutdown Current ISD - 3 9 pA | SDB Pin=VSS
Mute Current IMUTE - 15 - HA MUTEB Pin=VSS, SE
Output Offset Voltage VOFS - 5 50 mV || VOUT1 - VOUT2 |, No signal

70 85 - mW | RL=8Q, BTL, THD+N=1%
Maximum Output Power PO

- 14 - mW | RL=16Q, SE, THD+N=1%

- 0.2 0.5 % 20kHz LPF, RL=8Q, BTL, PO=25mW
Total Harmonic Distortion +Noise | THD+N

- 0.1 0.5 % 20kHz LPF, RL=16Q, SE,PO=5mW
Output Voltage Noise VNO - 10 - MVims | 20kHz LPF + A-weight
Crosstalk CT - 85 - dB RL=16Q, SE, 1kHz BPF

} 62 } dB Ripple voltage=200mVp.p,

RL=8Q, BTL, C =4.7uF

Power Supply Rejection Ratio PSRR - BYPASS H

) 66 ) dB Ripple voltage=200mVp.p,

RL=16Q, SE, Cgypass=4.7uF

Input Logic High Level VIH 0.7 - - \% MUTEB Pin, SDB Pin
Input Logic Low Level VIL - - 0.3 V MUTEB Pin, SDB Pin

“BTL” is BTL-mode when MODE Pin = VDD, “SE” is single-ended mode when MODE Pin = VSS.
Turn-on time in BTL mode is about 11 times faster than single-ended mode.
Also, BTL mode does not have MUTE mode. When MUTEB Pin = VSS, then it will be shutdown mode.

@Block diagram

IN1T [1] [10] VDD
SDB [2}— 9] OUT1
Control Logic
MUTEB [3}— L8] MODE
Bias
BYPASS [4—— Generator ] OUT2
IN2 [5] [6] VSS
TOP VIEW

Fig. 1 Block diagram
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Technical Note

@Electrical characteristics waveform (Reference data)

Ta=25°C, f=1kHz, VSS=GND unless otherwise specified. Using circuits are Fig.34 and Fig.35.
Also, RL=16Q for single ended mode, RL=8Q for BTL mode)
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@Application Circuit

Rr
4'A"%A%
20kQ2
Power Supply
Cn Ry [N1r i -|VDD
Ving . v 111 _ Eth_
Cp; 77 Cp1
047uF  20kQ . ;'/;O.HJ.F 10uF
OUT1
SDBrZ‘l 9] v *HCot
141 4 ]

ShutDown and

. 100uF
Mute Controller MUTEB Control Logic MODE Rci S 100
3} 4[8]—7],7 Ce1 ;l; 0.1uF

Caypass YPA . OouT
N+ B Ssrzj BIaS 1 U 2 + Coz
7l7 470F 'S Generator - 100uF
R 10Q
Co Re N2 Vss o
Ving - —5] ~ [6 Cc2== 0.1pF
047uF 20kQ N
Rr2
4'A"A%
20k

* Resistors Rr1, Rr2 should be used in 20kQ~1MQ range.
+ For gain setting greater than 4 times, then Rc1, Rc2, Cc1, Cc2 can be eliminated.

Fig. 34 Single-ended mode application circuit

Ry
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Power Supply
Ci  Ru | INT
Ving . —1] |77 Cp1
047uF 20kQ 10uF
SDB
2]
’jhutDown alr;d Control Logic
ute Controller MUTEB MODE
31 I8} |:
1] 197
CB\gAss BYPASSr_I Bias _IOUTZ
b 4
N a -
7l7 AT0F Generator
Ri2 IN2 VSS
H = (6
20kQ "
Rr2
4A"%A%
20kQ)
* Resistors Rr1, Rr2 should be used in 20kQ~1MQ range
Fig. 35 BTL mode application circuit
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@Pin Configuration

N1 | Q | vop
T T
SDB 2] [ I [9]] OuT1
' |
' |
[
Thermal PAD |
I
MUTEB |3] I (Bottor) : [8)] MODE
' |
' |
BYPASS [4] : : [7]] ouT2
IN2 [5] [6]] VvSS
TOP VIEW
@Pin Description
No. Pin Name Function I/0O equal circuit
1 IN1 Input Pin 1 A
2 SDB Shutdown Pin (OFF at L) C
3 MUTEB Mute Pin (Mute at L) Cc
4 BYPASS Bypass Pin D
5 IN2 Input Pin 2 A
6 VSS GND Pin -
7 ouT2 Output Pin 2 B
8 MODE Mode Select Pin (SE at VSS, BTL at VDD) A
9 OouUT1 Output Pin 1 B
10 VDD Power Supply Pin -
www.rohm.com 8/18 2015.1 - Rev.E
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@1/0 equal circuit (Fig. 36)

VDD VDD

IN1
IN2 _| 83%
MODE 50Q

A B

VDD
SDB
MUTEB 7N  2kQ
/\

C

VDD

VDD VDD —

BYPASS Z _| % 600k Q 100k
[ AN
% 100k Q

Fig.36 1/0 equal circuit

D
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@Functional descriptions

[Timing Chart]

BU7150NUV can control many mode states. “Active” is normal operation state for output signal. “Shutdown” is IC power
down state for low power. “Mute” is Headphone amplifier power down state for low power and fast turn-on, because

keeping BIAS voltage = VDD/2. “Turn on” and “Turn off” are sweep state.

VDD
SDB
MUTEB Ts2 Ts2
Tsi Tsl
VDD/2
BYPASS
100mV 140ms
()%
VDD/2 NN NANAN NNAN
ouT IVAVAV; |VAVAVAY |VAVAV
ov —
VDD/2
IN <> <>
70ms 70ms
oV —
State
Shutdown Turn on Active Mute Active Turn off Shutdown Turn on Active
Fig. 37 Timing Chart (MODE = VSS: Single-ended mode)
VDD
SDB
MUTEB Tb2 Th4 Tb4
Tb3 Tb3
vop/z <! = — e
BYPASS
100mV 140ms 140ms
oV
—Sie = e
Td Td Td
VDD/2 NANAN NNNN NNNAN
ouT |VAVAVAVAV] |VAVAVAV |VAVAVAV)
oV
VDD/2
IN <> <—> S
70ms 70ms 70ms
oV
State T T T
Shutdown Turn on Active Turn Shutdown urn Active urn Shutdown U Active
off on off on

Fig. 38 Timing Chart (MODE = VDD: BTL- mode)

Also, BU7150NUV has wait time for reduction of pop-sound at turn-on and turn-off. Turn-on wait time is 70msec from IN1
voltage = VDD/2. Turn-off wait time is 140msec from BYPASS voltage = 100mV. Please don't change SDB, MUTEB

condition at 70msec and 140msec wait- time.
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[About Time until Signal Output]
BU7150NUV need wait-time for BIAS charge sweep time and pop-noise reduction.
In the Fig. 37, Ts1 is BIAS charge sweep time from power on or SDB=H. Ts2 is time until signal output from power on or
SDB=H. Also, in the Fig. 38, Tb1 is BIAS charge sweep time from power on. Tb2 is time until signal output from power on.
Tb3 is BIAS charge sweep time from SDB=H. Tb4 is time until signal output from SDB=H.
These values are decided equation (1) ~ (6). However, BIAS charge sweep time (Ts1, Tb1, Tb3) have uneven +50%, and
wait-time (70msec) is 40msec ~ 126msec for process parameter distribution. (Ta=25°C)

_ VDD x Cgyppss
2.5x10°°

Ts1 [sec] -+ (1)

Ts2=Ts1+0.07[sec] - * *(2)

(VDD +2)x Coyppss

Tb1= Y
27.5x10 -

[sec] -+ (3)

Tb2 = Tb1+0.07[sec] - - - (4)

VDD x Caypass

Th3 = :
27.5x10 -

[sec] -+ (3)

Tb4 = Tb3+0.07[sec] - - - (6)

In the Fig. 38, Tb1 and Tb3 is differ value, because BU7150NUV’s default is single-ended mode. BU7150NUV need

BYPASS>100mV to recognize for BTL mode.
Also, Td is delay time to C1=VDD/2 from BYPASS=VDD/2. Td is decided by Ci1, Ri1, and Re1.

power on BYPASS=VDD/2 C;=VvDD/2:Td Wait-ti
or | (Time is decided by =P (Time is decided by e (70m22€;c"(7,:e ) e Singal Output
SDB=H equation (1), (3), (5)) Ci, R, Re1) e
Fig. 39 Flow of Time until Signal Output
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[Operation mode]

- Selecting operation mode

BU7150NUV has two OPAMP in the IC (Fig. 1). BU7150NUV is selected for BTL-mode for mono speaker and
single-ended mode for stereo headphone operation. Mode is composed of external parts and internal control (Fig. 34, 35)
BU7150NUV operates at single-ended mode when MODE pin (pin8) = OV turn on. BTL mode is operated when MODE
pin (pin8) = VDD turn on. BYPASS voltage = 100mV then operation mode is decided by internal comparator by detecting

MODE voltage.

The difference between Single-ended mode and BTL-mode is mentioned in the following table.

Parameter Single ended mode BTL mode
MODE='VSS' MODE="vDD'
Mute function enable disenable
(Bé/BpYiizS\ﬂ?gg)tum on time [Ts1, Tb1, Tb3] Ts1=2 82sec R;;:gggngg
Tt Sl ool 122 02 o | e
Maximum Output Power (THD=1%) 14mW 85mw
Total Harmonic Distortion + Noise 0.10% 0.20%
Power Supply Rejection Ratio 66dB 62dB
(Ta=25°C, VDD=1.5V, f=1kHz)
www.rohm.com 12/18 2015.1 - Rev.E
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+ Single-Ended mode

Single-ended mode can be use for stereo headphone amplifier using two internal amplifiers. BU7150NUV can select
amplifier gain A, using external parts. (Fig. 34) Two amplifiers gain A, is decided by input resistance Ry, R and feedback
resistance Rr1, Rr2 aspect. Also, Please, use Rr1, Rr2 value in the range 20kQ~1MQ.

Re

A, =-——F

R,
Amplifier outputs (OUT1, OUT2) need coupling capacitors in single-ended mode operation. Coupling capacitors reduce
DC-voltage at the output and to pass the audio signal.
Single-ended mode has mute mode. Mute mode reduces pop noise and low power (typ. 15pA - when MUTEB pin = Low.
Rise time is high-speed though current consumption increases more than the state of the shutdown so that the state of
the mute may keep the output level at the bias level. Mute level is decided by input resistance Ri1, Rz and feedback
resistance Rgr1, Rr2 and R

R
Mute level [dB] = 20Log——"—
 +Re

BU7150NUV needs phase-compensation circuit using external parts. (Fig. 34) But, for amplifier gain Av > 4 then phase
compensation circuit may be eliminated.

» BTL mode

BTL mode can be used for mono speaker amplifier using two internal amplifiers. BU7150NUV can select amplifier gain A,
using external parts. (Fig. 35) 1st stage gain is decided by selecting external parts. But 2nd stage gain = 1. 1st stage
output signal and 2nd stage output signal are of same amplitude but phase difference of 180°.

Amplifiers gain A, is decided by input resistance R and feedback resistance Rr1 aspect. Also, Please, use Rr1, Rr2 value
in range of 20kQ~1MQ.

A, =2%R8

1
BU7150NUV has no output pop noise at BTL mode operation, because output coupling capacitor is not charged.

Therefore, BTL mode is faster by 11 times compared to single-ended mode. SDB pin and MUTEB pin are same function
in BTL mode operation.
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[About Maximum Output Power]

Maximum output power of audio amplifier is reduced line impedance. Please, design to provide low impedance for the
wiring between the power source and VDD pin of BU7150NUV. Also, please design to provide low impedance for the
wiring between the GND and VSS pin of BU7150NUV.

VDD
Power source
Impedance

; Speaker
Impedance

Impedance

Fig. 40 Line Impedance
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[About a thermal PAD]
This product has a thermal PAD at the rear side of the package for heat dissipation and connecting it to GND
plane will provide better heat dissipation. In the event that the IC will exceed its allowable heat dissipation, connect
the thermal PAD to GND plane. Furthermore, heat dissipation properties can be improved by increasing the
copper foil area of the printed board, which can also provide high allowable dissipation. Additionally, exceeding the

allowable dissipation will lead to deterioration of the IC.

Please handle the thermal PAD according to the list shown below by a setting mode and supply voltage.

Setting Allowable Dissipation

Handling of Thermal PAD

SE mode (R.=16Q) | do not exceed it
SE mode | Vpp <2.9V

It is open or is connected to the GND pattern ™

(RL=8Q) Vpop 2 2.9V Exceed

| am connected to the GND pattern " 2

(I allow even opening by a condition. Reference
Figure42)

Note 3 Thermal PAD is not a GND terminal. Please give the GND electric potential from VSS terminal (6pin).

1100 —
Condition@1016m TH )
1000 & rnaximum
\ power dissipation
E 900 at the age of Ta =85
[ \ degrees Celsius becomes
< 800 N 224 i,
o \ Prevent you from
E 700 M surpassing this
o 500 COHdItIOﬂ@ 560 g
g \ / Condition 1: When mounted on 1-layer 74.2 mm x 74.2 mm x 1.6 mm
‘5 200 \ 1‘?\ / glass-epoxy PCB
£ No copper foil (only mounting pattern)
a 400 ™ .
5] )@ i‘\ Condition 2: When mounted on 4-layer 74.2 mm x 74.2 mm x 1.6 mm
2 300 /! ‘\w o glass-epoxy PCB6.28mm? copper foil (back layer)
8 200 A rax of the allowable S and 5,505mm? copper foil (layers 2 & 3)
dissipation only costs by N \\
— 100 increasingacopperfoil area. > “.\
Y
0 I I I R
0 2h 50 his] 100 1256 150
Operation Temperature : Topr [°C]
Figure 41. Power Dissipation vs Temperature
TOPR=85"C TOPR=TEC TOPR=65C
PO=224mW FPD=280mW PD=336mW
500
450 Becauseldo fot
—_— surpass maximum
< 400 phwerdissipation,
lg' the thermal HAD is The therma? PAD
O 3500 =N oriIs Conmn T B + ith GHD
9_. 200 13 the GND pattern :itta,::f,.ojum? s
e dissipation
Q 250 i\
5 : N\
9: 200 1 : \
> 1 : I N
a 150 T . 1 ——~——
5 : \ 1 \'r When mounted on 1-layer 74.2 mm x 74.2 mm x 1.6 mm
O 140 ] —~—— ! ,""“--....__________ glass-epoxy PCB
50 ! -‘T""'"- ! No copper heat sink (only mounting pattern)
! l !
0 ! :
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Figure 42. Handling of Thermal PAD Condition (BTL Mode)
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BU7150NUV Technical Note

[How to select external parts for application]

» Power supply capacitor

Power supply capacitor is important for low noise and rejection of alternating current. Please use 10uF electrolytic or
tantalum capacitor for low frequency and 0.1uF ceramic capacitor for high frequency nearer to BU7150NUV.

- BYPASS pin capacitor

BU7150NUV sweeps “Active” state after 70msec wait time after IN1 voltage = VDD/2. IN1 voltage are subordinated
BYPASS voltage Ts. BYPASS voltage is subordinated BYPASS pin capacitor Cgypass. Therefore, High speed turn on time
is possible if Cgypass is small value. But, pop noise may occur during turn on time. Therefore, Cgypass need to be selected
best value for application.
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BU7150NUV Technical Note

@Notes for use

(1)

(10)

(11)

(12)

(13)

Absolute Maximum Ratings

An excess in the absolute maximum ratings, such as supply voltage, temperature range of operating conditions, etc.,
can break down devices, thus making impossible to identify breaking mode such as a short circuit or an open circuit. If
any special mode exceeding the absolute maximum ratings is assumed, consideration should be given to take physical
safety measures including the use of fuses, etc.

Operating conditions
These conditions represent a range within which characteristics can be provided approximately as expected. The
electrical characteristics are guaranteed under the conditions of each parameter.

Reverse connection of power supply connector

The reverse connection of power supply connector can break down ICs. Take protective measures against the
breakdown due to the reverse connection, such as mounting an external diode between the power supply and the IC’s
power supply terminal.

Power supply line

Design PCB pattern to provide low impedance for the wiring between the power supply and the GND lines. In this
regard, for the digital block power supply and the analog block power supply, even though these power supplies has
the same level of potential, separate the power supply pattern for the digital block from that for the analog block, thus
suppressing the diffraction of digital noises to the analog block power supply resulting from impedance common to the
wiring patterns. For the GND line, give consideration to design the patterns in a similar manner.

Furthermore, for all power supply terminals to ICs, mount a capacitor between the power supply and the GND terminal.
At the same time, in order to use an electrolytic capacitor, thoroughly check to be sure the characteristics of the
capacitor to be used present no problem including the occurrence of capacity dropout at a low temperature, thus
determining the constant.

GND voltage

Make setting of the potential of the GND terminal so that it will be maintained at the minimum in any operating state.
Furthermore, check to be sure no terminals are at a potential lower than the GND voltage including an actual electric
transient.

Short circuit between terminals and erroneous mounting

In order to mount ICs on a set PCB, pay thorough attention to the direction and offset of the ICs. Erroneous mounting
can break down the ICs. Furthermore, if a short circuit occurs due to foreign matters entering between terminals or
between the terminal and the power supply or the GND terminal, the ICs can break down.

Operation in strong electromagnetic field
Be noted that using ICs in the strong electromagnetic field can malfunction them.

Inspection with set PCB

On the inspection with the set PCB, if a capacitor is connected to a low-impedance IC terminal, the IC can suffer stress.
Therefore, be sure to discharge from the set PCB by each process. Furthermore, in order to mount or dismount the set
PCB to/from the jig for the inspection process, be sure to turn OFF the power supply and then mount the set PCB to
the jig. After the completion of the inspection, be sure to turn OFF the power supply and then dismount it from the jig. In
addition, for protection against static electricity, establish a ground for the assembly process and pay thorough attention
to the transportation and the storage of the set PCB.

Input terminals

In terms of the construction of IC, parasitic elements are inevitably formed in relation to potential. The operation of the
parasitic element can cause interference with circuit operation, thus resulting in a malfunction and then breakdown of
the input terminal. Therefore, pay thorough attention not to handle the input terminals, such as to apply to the input
terminals a voltage lower than the GND respectively, so that any parasitic element will operate. Furthermore, do not
apply a voltage to the input terminals when no power supply voltage is applied to the IC. In addition, even if the power
supply voltage is applied, apply to the input terminals a voltage lower than the power supply voltage or within the
guaranteed value of electrical characteristics.

Ground wiring pattern

If small-signal GND and large-current GND are provided, It will be recommended to separate the large-current GND
pattern from the small-signal GND pattern and establish a single ground at the reference point of the set PCB so that
resistance to the wiring pattern and voltage fluctuations due to a large current will cause no fluctuations in voltages of
the small-signal GND. Pay attention not to cause fluctuations in the GND wiring pattern of external parts as well.

External capacitor
In order to use a ceramic capacitor as the external capacitor, determine the constant with consideration given to a
degradation in the nominal capacitance due to DC bias and changes in the capacitance due to temperature, etc.

About the rush current

For ICs with more than one power supply, it is possible that rush current may flow instantaneously due to the internal
powering sequence and delays. Therefore, give special consideration to power coupling capacitance, power wiring,
width of GND wiring, and routing of wiring.

Others
In case of use this LSI, please peruse some other detail documents, we called ,Technical note, Functional description,
Application note.
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@Ordering part number

B|D 7111510 N|U|V|-|E]|2

T N
Part No. Part No. Package Packaging and forming specification

NUV : VSON010V3030 E2: Embossed tape and reel

VSONO010V3030
53,0501 <Tape and Reel information>
= Tape Embossed carrier tape
3 I§ Quantity 3000pcs
1PIN MARK
- . N Direction E2 . . .
2 of feed The direction is the 1pin of product is at the upper left when you hold
- §§‘ 8 ( reel on the left hand and you pull out the tape on the right hand )
T S
/ A
[l 0.08]s} = \ : \
.0£0.
o O O O O 0O 0O O O 0O 0 0 ©
— C0.25 "2 O O O 0 ® O
1 "\
< il -
i \ 7 oot \
05 - oas 4005 y\ 1pin Direction of feed
(Unit : mm) Reel *Order quantity needs to be multiple of the minimum quantity.
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Datasheet

Notice

Precaution on using ROHM Products
1. 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 (Note 1) 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.
(Notel) Medical Equipment Classification of the Specific Applications
JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSII CLASSII

2. 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

3. 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 Clz,

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

4. The Products are not subject to radiation-proof design.
5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. 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.

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

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

9. 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.

2. 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

Notice-PGA-E Rev.001
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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 concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM 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.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. 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 Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

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

2. All information contained in this docume nt is current as of the issuing date and subj ect to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the la test information with a ROHM sale s
representative.

3. The information contained in this doc ument is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate an d/or error-free. ROHM shall not be in an y 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.
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