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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonabl e care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systemsfor life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental metters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with al applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or 1osses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Notel) “RenesasElectronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




LENESAS
M61509FP

QXpander built-in, Tone control, Volume control

REJO3F0215-0201

Rev.2.01
Mar 31, 2008
Description
The M61509FP is the sound controller powered by “QXpander” system.
The “QXpander” system produces normal and wide 3D sound expansion from any stereo input signal.
Note: Thisdeviceis producted under license from QSound Lab, Ins. (Canada)
Features
e Built-in “QXpander” sound technology
e Electronic volume.
0to -84 dB, thein finitesimal.
e 2-band tone control
Bass (0to +21 dB/3 dB STEP)
Treble (0to +9 dB/3 dB STEP)
o Sinput selector (The fifth input can be used as REC OUT or MIC MIX.)
Recommended Operating Condition
Supply voltage range: +2.25 to +2.75V
Application
Radio Cassette Recorders, Mini-stereo Set, Audio Equipment
System Block Diagram
MIC amp REC REC
q\j OuUT1 OUT2
o /\r MIC % I
volume
MIC
ALC MOENO)
TTape J\N\rO: _ é % ERcrone Troplo Sacs Power amp
CH2input uner O 5= . || || y
o WO g2 ? e N
AUX W-Or RS Speaker
o E QXpander
L | © 3 -
Tape J\N\FO g 8 Electronic Treble Bass
CHiinput Tuner w— & o = | a al
cowmOH T2 ? e N
AUX -W-(H
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M61509FP

Block Diagram

INAT | 1 — OO 24| INA2
Mono.SW
INB1 | 2 oo oo oo 23| INB2
INC1 |3 |0 O Mute s 00— 2| INc2
IND1 |4 |— O O+ MW O— 9 0 OM O 0O—21| IND2
INE1 |5 —0 00— Vol Vol 0 0—|20]| INE2
AW AW
Treble Treble
boost ¢ b boost
QF1 | 6 ! 19| QF4
QXpander !

QF2 |7 18| QF3
TONEH1 | 8 ATT By 17| TONEH2
TONEL1 | 9 16| TONEL2

Bass Bass
OuT1 |10 boost boost 15| OUT2
GND |11 F 14| VSS
VDD |12 %‘) Control logic 13| CONT
REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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M61509FP

Pin Function Description

Pin No. Name Function
1 IN Al INPUTSs of the channel 1
2 IN B1 The switch of INE can be controlled in dependently.
3 IN C1 Please set “ALL OFF" mode when the switch of E is only ON.
4 IN D1
5 IN E1
6 QF1 QXpander filter 1
7 QF2 QXpander filter 2
8 TONEH1 Treble control adjustment of the channel 1
9 TONEL1 Bass control adjustment of the channel 1
10 OouT1 OUTPUT of the channel 1
11 GND Ground
12 VDD Supply voltage (+)
13 CONT Control data input from a microcontroller
14 VSS Supply voltage (-)
15 ouT2 OUTPUT of the channel 2
16 TONEL2 Bass control adjustment of the channel 2
17 TONEH2 Treble control adjustment of the channel 2
18 QF3 QXpander filter 3
19 QF4 QXpander filter 4
20 IN E2 INPUTSs of the channel 2
21 IN D2 The switch of INE can be controlled independently.
22 IN C2 Please set “ALL OFF" mode when the switch of E is only ON.
23 IN B2
24 IN A2
REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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Absolute Maximum Ratings

(Ta= 25°C, unless otherwise noted)

Item Symbol Ratings Unit Test Condition
Supply voltage VDD-VSS 6.0 \%
Thermal derating Ko 5 mwec | N
Power dissipation Pd 500 mw
Operating temperature Topr -20to 75 °C
Storage temperature Tstg —40 to 125 °C

Note:

reference PC Board

Size: 70 mm x 70 mm
Thickness: 1.6 mm
Material: glass epoxy
Copper pattern dimension

Width: 0.25 mm

Length: 25 to 30 mm/lead
Thickness: 18 um

Thermal Derating (Maximum Rating)

0.75

S

g 050

c

o

®

2

[}

B

[m)

5 0.25

s AN

(e} N

o N

N
N
N
N
0 N
0 25 50 75 100 125 150
Ambient Temperature Ta (°C)
Recommended Operating Conditions
Limits
Item Symbol Pin No. Min Typ Max Unit Condition

Supply voltage (+) VDD 12 2.25 25 2.75 \%
Supply voltage () VSS 14 275 | -25 ~2.25
Control date input voltage CONT 13 GND — VDD
REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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Control Signals Specification
(1) Wave Form

Threshold of the internal
DATA (H/L)

Threshold of the internal
STROBE

(S e Yo, S i S Py e R [ A WL 2 2 5V

DATA, M --4{4)---{X3-Fqogvy -1 )p------fr----- A f - ERREEET S EEEES z----
STROBE)

twr || twe | | twh
Threshold of the internal b t A
CLOCK r
The internal DATA latch at the falling edges of this clock signal.
(2) Voltage Control Signal
Limits
Digital input signal Min Typ Max Unit Condition
L signal L GND — 0.4 \Y VDD =25V,VSS=-25V
M signal M 1.0 1.25 15 VDD =25V,VSS=-25V
(vDDI/2)
H signal H 21 — VDD VDD =25V,VSS=-25V
(3) Timing Control Signal
Limits
Item Symbol Min Typ Max Unit

Cycle time of digital signal ter 8 — — us
Pulse width of digital signal (“H” level) twH 3.6 — —

Pulse width of digital signal (“L" level) twie 3.6 — —

Rise time of digital signal tr — — 0.4

Fall time of digital signal te — — 0.4

(4) Control Signal Example (Refer to the “ Control Data Format”)
An example of the mode control
— Bypass/QXpander SW: QXpander
— VOL/Treble Share AMP Gain: 20 dB
— Input: IN A,
— Volume: 0 dB
— Mute: OFF
— Mode: STEREO
— Bass: 18dB
— Treble: 6 dB
— Recout: ON (IN E)

(MSB)

D01 D11 D21 D31 D41 D51 D61 D71 D81 D91 D101D111 D121 D131 STROBE

D02 D12 D22 D32 D42 D52 D62 D72 D82 D92 D102 D112D122D132 STROBE

REJO3F0215-0201 Rev.2.01 Mar 31, 2008
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Control Data Format
It is necessary to set up the all control data after power on.

(1) Input Data

(MSB) « input order

Slotl
D01 D11 D21 | D31 [ D41 | D51 | D61 | D71 | D81 | D91 | D101 | D111 | D121 | D131
0 Bypass/QXpander | Vol/Treble Input D2 to D6: (a) Master volume Mute CHIP/SLOT
sSwW share amp 0:IN A condition ON/OFF | Select
gain SW 1:INB 0: OFF 0: select
0: 20 dB 2:INC 1: ON 1: no select
1:18dB 3 IND (Input 2: no select
2:16 dB ALL 3: no select
3:14dB OFF)
Slot2
D02 | D12 | D22 | D32 | D42 | D52 | De2 | D72 | D82 | D92 | D102 | D112 | D122 | D132
1 1 0 1 Mode select Bass (boost) Treble (boost) | INE CHIP/SLOT
0: stereo 0:04dB, 1: 3dB, 0: 0 dB, ON/OFF | Select
1: monolonly | 2: 6 dB, 3: 9dB, 1: 3dB, 0: OFF 0: no select
2: mono2 only | 4:12dB, 5: 15 dB, 2:6dB, 1. ON 1: no select
3: mono 1+2 6:18dB, 7: 21 dB 3:9dB 2: no select
3: select

REJO3F0215-0201 Rev.2.01 Mar 31, 2008
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M61509FP

(a) Master Volume

ATT

D61

D71

D81

D91

D101

-0.0dB

o

-2.0dB

-4.0dB

—6.0dB

-8.0dB

-10.0dB

-12.0dB

-14.0dB

-16.0dB

-18.0dB

-20.0dB

-22.0dB

-24.0dB

-26.0dB

-28.0dB

-30.0dB

-32.0dB

-34.0dB

-36.0 dB

—-40.0 dB

-44.0 dB

-48.0 dB

-52.0dB

-56.0 dB

—-60.0 dB

-64.0 dB

—68.0 dB

-72.0dB

—-76.0dB

-80.0dB

-84.0dB

The infinitesimal

RP|IO|IRP|IO|FRP|IO|FR|O|(FR|[O|P|O|FRP|O|FRP|O|FRP|O|FRP|O|(P|O|P|O|RP|O|FR|O|FR|O|F|O

RPr|RP|IO|O|R|FP|O|O|(FR|[P|O|O|RP|FRP|O|O|FR|FP|O|O|(RP|PO|O|FRP|FP|O|O|FR|FRL|O|O

RP|IP|IPIPIO|IO|IOCO|(O|(FR|(FP|P|IFPIOC|IOC|IC|O|FR|(FRP|IFPIPIOC|ICO|C|OC|FR|FR|F|IFP|IO|OC|[OC|O

RPPr|IP|IFP|[P[P|IP|IPIO(O|OCO|O0O|O|OC|(OC|O0|FP|FP|(FP|IP|IP|IFP|PIPIOJO|O|O|OC|O|O|O

RlRr|lPr[Pr|RP|P|P|RP|P|P|R|RP|P|R|R|Rr|Oo|O|o|o|o|o|o|o|o|o|o|o|o|o|o

REJO3F0215-0201 Rev.2.01 Mar 31, 2008
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M61509FP

(b) Input Select

Input select D41 D51 D111 D112
IN A IN E off 0 0 0 0
IN B 1 0
INC 0 1
IND 1 1
INAtoDall OFF | INE on * * 1 1 (Note 1)
IN A-D select A: 0 0 1(Note 2)
B:1 0
C:0 1
D:1 1

Notes: 1. The input impedance is about 5 k as input IN E.
2. IN E can be controlled independently.
It can be used as Rec output.

(c) Mode Control

Mode D42 D52
stereo 0 0
mono 1 only 1 0
mono 2 only 0 1
mono 1+2 1 1

(d) Treble Control

Treble D92 D102
0dB 0 0
3dB 1 0
6 dB 0 1
9dB 1 1

(e) Bass Control

Bass D62 D72 D82

0dB 0 0 0
3dB 1 0 0
6 dB 0 1 0
9dB 1 1 0
12 dB 0 0 1
15dB 1 0 1
18 dB 0 1 1
21dB 1 1 1
REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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M61509FP

(f) Chip/Slot Control

Chip/Slot D12* D13*
select (slotl) 0 0
no select 1 0
no select 0 1
select (slotl) 1 1
(g) Treble Amp Gain SW
Gain SW D21 D31
20 dB 0 0
18 dB 1 0
16 dB 0 1
14 dB 1 1
(h) Bypass/QXpander SW
Bypass/QXpander SW D11
Bypass 0
QXpander d

(2) Notice of Control Data
1. useonly the control data of (1) Input Data.

2. Theinterval of datatransmission from the microcontroller isover 0.1 s.
: Thisisthe waiting time for the “ soft—switching” to reduce the shock noise. (The “soft-switching” is available at

the volume and QX pander.)
Note:

(1) The“Sotl” and the “Slot2” are independent data.

Each data need each waiting time.

(2) The some function of the volume and other function have no “ soft-switching”.

Examplel:

When the volume is set as “infinitesimal”, it’simmediately attenuated (but, it needs the waiting time to reach

the final attenuation).
Example2:

The change of tone control isimmediately executed.
3. Itisnecessary to set the all control data after power-on, although the internal circuit is forced as below, when

(VDD-VSS) < 3.3V (Typ).

Item Condition
Gain SW 18 dB
Input select ALL OFF
Master volume infinitesimal
MUTE ON (Input ALL OFF)
Bypass/QXpander Bypass
Mode select stereo
Bass 0dB
Treble 0dB
IN E ON
REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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M61509FP

Electrical Characteristics

(VDD =25V,VSS=-25V, f=1kHz Vi =100 mV(rms), Vol = 0dB, Bass= 0 dB, Treble= 0 dB,
Vol/Treble Share AMP = 18 dB, Surround = Bypass, RL = 10 kQ, Ta= 25°C, unless otherwise noted)

Limits
Item Symbol Min Typ Max Unit Conditions
Circuit current of positive IDD — 30 45 mA Quiescent
power supply
Circuit current of negative ISS — -30 -45 mA Quiescent
power supply
Voltage gain (selector) Gvl 16 18 20 dB Vol/Treble share amp gain = 18 dB
Bypass
Voltage gain (tone control) Gv2 25.5 275 29.5 dB Vol/Treble share amp gain = 18 dB
QXpander mode Vi =20 mVrms
Maximum output voltage Vomax 1.2 1.6 — Vrms RL=10k, THD = 1%
Total harmonic distortion THD — 0.02 0.08 % BW =400 to 30 kHz
Output noise voltage Nol — 6 15 uvrms | JIS-A, Rg=5.1Kk,
VOL = the infinitesimal
BYPASS
No2 — 11 30 pvrms | JIS-A, Rg=5.1k,
VOL = the infinitesimal
QXpander mode
Maximum attenuation ATTmax — -95 -90 dB Output referencelevel (Vo = 1 Vrms),
ATT = the infinitesimal, JIS-A
Bass boost GB1 15 3 4.5 dB 3dB f=1kHz, Vo =80 mVrms
GB2 4.5 6 7.5 6 dB
GB3 7.5 9 10.5 9dB
GB4 10.5 12 13.5 12 dB
GB5 13.5 15 16.5 15 dB
GB6 16.5 18 19.5 18 dB
GB7 19.5 21 225 21dB
Treble boost GT1 1.5 3 4.5 3dB f=1kHz, Vo =80 mVrms
GT2 45 6 7.5 6 dB
GT3 7.5 9 10.5 9dB
REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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Function Description

(1) Equivalent Circuit of the Bass Boost

' 1
Fob = (Hz)
| 2n VR1 (R2 + R3) C1 C2
: 1 C1C2R2
- C1+C2 R1
TONEL
(C1=C2) _R2+R3
Gv = 20 R1 (dab)
VvV = [o] a
R1 ? R3
— +2
R1
R2, R3 (typical)
Bass boost 3dB 6 dB 9dB 12 dB 15dB 18 dB 21dB
Resistor (k) R2 15.4 25.7 32.9 38.7 41.6 44.2 46
R3 30.6 20.3 13.1 7.3 4.4 1.8 0
(2) Equivalent Circuit of the Treble Boost
;N ouT !
: SN 1
: : Fcr ————  (Hz)
i - 2n e R2 ¢ C1
i R1
: : R1 +{ (R2 + Zc) // R3}
' : Gv = 20log (dab)
: ! (R2 + Zc) I/ R3
. R3 ? R2 i
i i 1
: : Zc = — (Q)
E ' joC1
boenoenones 8A7 Yoeroeroenoemooenoes :
TONEH
C1
REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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R2 (typical)
Treble boost 3dB 6 dB 9dB
R2 (k) 5.3 2.2 1.2
R1, R3 (typical)
Gain 14 dB 16 dB 18 dB 20 dB
R1 (k) 10.88 13.65 17.21 21.60
R3 (k) 2.72 2.57 2.48 2.40
Application Example
INAT, - 15ko _— ~ o Liake, g N A2
10 mF 47 kQZ 10 mF
IN B1 i Mono.SW 0 IN B2
4y 15kQ 15k
200+ ——— 0O ——e+00O—|23
10 mF 247 k) 47 kQZ 10 mF
IN C1 Yska 15k IN C2
+ o O Mute + OO {20 Five g+
10mF 247 13 47 kQZ10 mF

0T O—+—W-O O—

REC

47kQ OUT2
K

IND1_ sk
REC 4
ouT1 47 kQ% 10mF 247k

1.5 kQ IN D2
47 kQ=10 mF
0 .

10mF 45k O—E%—‘v Vol Vol »—o\o—a—o 10mE
AW AW
INET 10mF 2470 10 mF [N E2
Treble Treble
boost boost
| 19
1 |7 J_
QXpander 3 0.01 uF
| 18 1
‘ | 2]
LN\N\/\« W\N\/\J 0.033 uF
ATT ATT 71__7|—‘ R
0.22 uF
16 ;2 kQ
Bass Bass 0 22“':“ E
boost boost o

by a capacitance load.

to protect oscillation.

We recommend the resistor

e

There's possibility to oscillate

Control logic

Microcontroller

VSS=-25V FAIi_n: 10ke
10 pF
|—E ouT2

Triad-state output

REJO3F0215-0201 Rev.2.01 Mar 31, 2008

Page 12 of 13

RENESAS




M61509FP

Package Dimensions

JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ.] |

P-SSOP24-5.3x10.1-0.80 | PRSP0024GA-A | 24P2Q-A | 029 |

HAHARAAAARAR &

He

NOTE)
— F 1. DIMENSIONS "1" AND ":2"
DO NOT INCLUDE MOLD FLASH.
) 2. DIMENSION 3" DOES NOT

I INCLUDE TRIM OFFSET.

Dimension in Millimeters

tLEEEEEELEE: 5

Symbol [“Min | Nom| Max

D [10.0] 10.1] 10.2

E | 52| 53] 54

Ar | — [ 18| —

Al — ] — 121

A1 0 | 01]02

bp | 0.3 ]0.35] 045

c 1018] 0.2 ]0.25

7 0° | — | 8
Dol F He | 75| 7.8 | 8.1
e |065| 0.8 ]0.95
y | — [ —10.10
L 04| 06| 08

REJO3F0215-0201 Rev.2.01 Mar 31, 2008 RENESAS
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RenesasTech nOIOgy Corp. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Notes:
1.

1

o

11.

12.
13.

This document is provided for reference purposes only so that Renesas customers may select the appropriate Renesas products for their use. Renesas neither makes
warranties or representations with respect to the accuracy or completeness of the information contained in this document nor grants any license to any intellectual property
rights or any other rights of Renesas or any third party with respect to the information in this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out of the use of any information in this document, including,
but not limited to, product data, diagrams, charts, programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military applications such as the development of weapons of mass
destruction or for the purpose of any other military use. When exporting the products or technology described herein, you should follow the applicable export control laws
and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and application circuit examples, is current as of the date this
document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas products listed in this document,
please confirm the latest product information with a Renesas sales office. Also, please pay regular and careful attention to additional and different information to be
disclosed by Renesas such as that disclosed through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas assumes no liability whatsoever for any damages incurred as a
result of errors or omissions in the information included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in light of the total system before deciding about the applicability
of such information to the intended application. Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any particular
application and specifically disclaims any liability arising out of the application and use of the information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas products are not designed, manufactured or tested for applications
or otherwise in systems the failure or malfunction of which may cause a direct threat to human life or create a risk of human injury or which require especially high quality
and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or
undersea communication transmission. If you are considering the use of our products for such purposes, please contact a Renesas sales office beforehand. Renesas shall
have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

1) artificial life support devices or systems

2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who elect to use Renesas products in any of the foregoing
applications shall indemnify and hold harmless Renesas Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect to the maximum rating, ogerating supply voltage range,
movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or damages
arising out of the use of Renesas products beyond such specified ranges.

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific characteristics such as the occurrence of failure at a certain

rate and malfunctions under certain use conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or damage
caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer software
alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

In case Renesas products listed in this document are detached from the products to which the Renesas products are attached or affixed, the risk of accident such as
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