€YYAMAHA

YACS23

EVR2

Electric Variable Resistance 2

H Outline

YACS523 (EVR2) is a 7ch high grade digital volume LSI for high-end audio systems.

Owing to its built-in high-quality sound operational amplifier, output with wide dynamic range and low distortion
factor can be obtained.

YACS523 is able to control each channel through a serial data interface in 255 steps at 0.5dB per step, and can
allow configuration of a system with 8 channels or more by using a daisy chain connection.

Owing to its zero-cross detection function, the device is able to suppress audible noise that may occur at a
quick volume change.

B Features

*Built—in 7channel high sound quality operational amplifier.
*Wide volume range.
+31.5dB to —95.0dB, MUTE (0.5dB/step, 255 steps)
*Maximum input signal amplitude
4.2Vrms (£6V power supply)
-Low distortion (THD)
0.0004% typ. (Input=1Vrms@1kHz, Gain=0dB)
*Low residual noise
1.2 4 Vrms typ. (Gain=MUTE, IHF-A)
*Power supply voltage
+4.75V to +6.6V
=Silicon gate CMOS process.
*48-pin plastic LQFP, pin lead plating with Pd—free (YAC523-VZ)

YAMAHA CORPORATION

YAC523CATALOG
CATALOG No.:LSI-4AC523A30
2005.1
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B Terminal configuration
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CSN[ |
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<48 pin LQFP Top View>
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B Terminal function
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No. Name I/0 Functions

1 | AVSS - | Minus power supply for analog (-6.0V Typ.)

2 AVDD - Plus power supply for analog (+6.0V Typ.)

3 IN1 Al | chl analog input

4 | IN2 Al | ch2 analog input When avoid the use of this terminal, connect to ground.

5 IN3 Al | ch3 analog input And please use the output impedance of the source of input signal less

6 | IN4 Al | ch4 analog input than 2.2k Q.

7 INS Al | chb analog input

8 ING Al | ch6 analog input

9 IN7 Al | ch7 analog input

10 | AVDD - Plus power supply for analog (+6.0V Typ.)

11 | AVSS - | Minus power supply for analog (-6.0V Typ.)

12 | REF7B Al | ch7 analog reference voltage input 7B Connect to ground directly.

13 | REF7A Al | ch7 analog reference voltage input 7A Connect to ground through 33  F.

14 | REF6B Al | ch6 analog reference voltage input 6B Connect to ground directly.

15 | REF6A Al | ch6 analog reference voltage input 6A Connect to ground through 33 1 F.

16 | REF5B Al | chb analog reference voltage input 5B Connect to ground directly.

17 | REF5A Al | chb analog reference voltage input 5A Connect to ground through 33 ¢ F.

18 | REF4A Al | ch4 analog reference voltage input 4A Connect to ground through 33 ¢ F.

19 | REF4B Al | ch4 analog reference voltage input 4B Connect to ground directly.

20 | REF3A Al | ch3 analog reference voltage input 3A Connect to ground through 33  F.

21 | REF3B Al | ch3 analog reference voltage input 3B Connect to ground directly.

22 | REF2A Al | ch2 analog reference voltage input 2A Connect to ground through 33 ¢ F.

23 | REF2B Al | ch2 analog reference voltage input 2B Connect to ground directly.

24 | REF1A Al | chl analog reference voltage input 1A Connect to ground through 33  F.

25 | REF1B Al | chl analog reference voltage input 1B Connect to ground directly.

26 | NC - Non connection or connect to ground.

27 | NC - Non connection or connect to ground.

28 | OUT7 AO | ch7 analog output

29 | OUT6 AO | ch6 analog output

30 | OUTS AO | chb analog output

31 | OOUT4 AO | ch4 analog output

32 | OUT3 AO | ch3 analog output

33 | OUT2 AO | ch2 analog output

34 | OUT1 AO | chl analog output

35 | NC - Non connection or connect to ground.

36 | NC - Non connection or connect to ground.

37 | AVSS - | Minus power supply for analog (-6.0V Typ.)

38 | ZCEN1 I Zero—cross control input 1. Select one from four types of zero—cross modes including non—zero—cross
mode. When changing zero—cross modes during operation, set the system so that it changes at 1 second
or more after the rise of CSN signal.

39 | ZCEN2 I Zero—cross control input 2. Select one from four types of zero—cross modes including non—zero— cross
mode. When changing zero—cross modes during operation, set the system so that it changes at 1 second
or more after the rise of CSN signal.

40 | CSN I Chip select input

41 | SDATAI I Serial data input

42 | SCLK I Serial clock input

43 | SDATAO | OD | Serial data output iy
Serial data are outputted from this te”rm”inal when CSN pin is "L~ level. This terminal becomes
high—impedance state when CSN pin is "H'. Since it is an open drain output pin, pull it up through a
resistor to the power supply voltage (to be AVDD or less) of a
device to be connected. Do not allow output current of 1.5mA or over.

44 | TE2 I Test terminal Non connection or connect to DGND terminal.

45 | TE1 I Test terminal Non connection or connect to DGND terminal.

46 | DGND - Digital ground

47 | REF 0 Reference voltage output for digital For attaining stabilization, connect this terminal to AVSS terminal
through a capacitance of 10uF or higher (CREF).

And please do not use this terminal output for the drive purpose of an external circuit.

48 | AVSS - | Minus power supply for analog (-6.0V Typ.)

Note A: analog terminal, OD: Open drain output terminal, “L” level means V,, “H” level means V,,.
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M Internal block diagram
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M Description of functions

@ Analog functions

* Maximum input voltage

The maximum amplitude of the input signal that is inputted to the analog input pin of YAC523 is 4.2VVrms when power supply
voltage is +6V.

For a system to which a signal exceeding the power supply voltage (AVDD/AVSS) may be applied, use external diodes to
suppress the signal to the maximum rating or less.

* Maximum output voltage

The maximum output voltage(THD<1%) of the signal that is outputted from the analog output pin of YAC523 is 4.2Vrms
when power supply voltage is £6V and no load is connected. The output impedance is 100Q (typ.).

@ Realization of low residual noise system

General audio amplifiers are designed to have input sensitivity of approximately 150mV, and have a gain of approximately
16dB at the preamplifier (PreAMP) section and approximately 30dB at the main amplifier section (MainAMP).

The residual noise of YAC523 (Gain=-«) is 1.2uVrms (typ.) which is very small, and the device has positive side gain (max:
31.5dB). Therefore, by using YAC523 also as "PreAMP”, systems with a very small residual noise and amplification of
volume control noise can be configured.

For conventional configurations that need a "PreAMP”, even if the residual noise of the volume control itself is zero, the noise
that is produced at the "PreAMP” is amplified by the gain, the noise becomes very high when it is heard at the speakers.
When the input converted noise of "PreAMP” is 1uV, the conventional configuration produces noise of approximately 200uV
at the speakers. For the configuration that uses YAC523, the noise is 38uV which is very small.

Residual noise produced b Residual noise produced by a
] P Y I ] P y ]

conventional configuration configuration that adopts YAC523

TuVrms 6.3uVrms 200uVrms 1.2 Vrms 38 uVrms
+

" YAC523
+16dB +30dB | +
-~ +30dB
@ Zin=50K|C

...................
-------------------

+

[Volume| | PreAMP|  |MainAMP -00~+16dB
| Volume + PreAMP |  [MainAMP
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@ Digital functions

+ Serial data interface

Writing of volume control data into YAC523 is performed through a serial interface. SDATAI is a serial data input pin, SCLK is
a clock input pin, and CSN is a chip select pin for writing the value of volume. The serial data that is inputted from SDATAI
(MSB first) is taken into YAC523 at the rising edge of SCLK when CSN terminal is at "L" level. The serial data is latched at
the rising edge of CSN, and volume value of each channel is set into the register. The present volume value is outputted from
SDATAO pin as serial data. With this data, the control by using daisy chain connection and verification of the present volume
value can be performed easily.

Note that the register value after turning the power supply on is ALL"0" (muted state) and the interface is enabled after a
predetermined period (tPUP) has elapsed. (Serial access is prohibited in tPUP period.)

SCLK

CSN S
)

SDATAI o) T T e T By |G oy ST T I oy
)

%
E

SDATAO Dotssi) potsal) potssi) pokszpots  potsol pot71 Xpoks1 X pets1 X ookl pals] Xool21 )pal11 Xoolol ot

Assignment of volume control data

D[55:48] : Channel1 Volume data

D[47:40] : Channel2 Volume data

D[39:32] : Channel3 Volume data

D[31:24] : Channel4 Volume data

D[23:16] : Channel5 Volume data

D[15: 8] : Channel6 Volume data D1[55:0] is volume data value to change
D[ 7: 0] : Channel7 Volume data DO[55:0] is present volume data value

* Daisy chain

Since multiple YAC523 devices can be connected by using the daisy chain connection, systems with 8 channels or more can
be attained.

For example, by connecting the device with YAC526 (2ch digital volume) through daisy chain, 8.1ch system can be attained.
By connecting SDATAO pin of YAC523 (or YAC526) to SDATAI pin of YAC526 (YAC523), YAC523 and YAC526 can be
controlled simultaneously without need of a complex addressing.

(It is also possible to connect multiple YAC523, or to connect the device with YAC520 through daisy chain.)

The volume data is taken into S/P (serial / parallel) registers of each LS| by setting CSN pin to "L" for 8 clock period on all
channels that are connected with daisy chain. And, by setting CSN pin to "H" after the elapse of 8 clock period on all
channels, the data is written from S/P registers of all YAC523 (or YAC526) that are connected with daisy chain into the
control registers simultaneously to change the volume value.

Example: Assignment of volume control data when a combination of YAC523 and YAC526 (or YAC520) as described below

is used.
: DI[71:64] : [YAC526 or YAC520] Channell Volume data
Audio souree DI63:56] : [YACS526 or YAC520] Channel2 Volume data
D[55:48] : [YAC523] Channell Volume data
2Lour N2 TLOUT (@ D[47:40] : [YAC523] Channel2 Volume data
YAC526 A D[39:32] : [YAC523] Channel3 Volume data
YAGE20 ‘%* YAC523 D[31:24] : [YAC523] Channeld Volume data
SDATAO  SDATAI[« SDATAO  SDATAI D[23:16] . [YAC523] Channel5 Volume data
GSN__SCLK CSN__SClK D[15: 8] : [YAC523] Channelé Volume data
P ¢ $ DL 7: 0] : [YAC523] Channel7 Volume data
5V
1 Controller
CSN gg

T AV AV AVAWAY AN\ W AVAVAVAVAVAWAWAWA NI
SIDAT AN X Y Yt Y X || G X X Yo Yo Yo Y Y X
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- Volume setting
The relationship between input code and volume value is as shown in the following table.

Input code Gain or attenuate(dB)
11111111 MUTE
11111110 +31.5
11011111 +16.0
10111111 0
00000010 -94.5
00000001 -95.0
00000000 MUTE

The input codes ALL"0" and ALL"1" are set for mute.

- Zero-cross mode

YAC523 incorporates the zero-cross detection function to suppress audible noise when the volume is

changed quickly. A mode is selected from the following four modes by setting ZCEN1 and 2 pins.

ZCENJ[2:1] Mode Operation

00 Normal Zero-cross is not detected, and the volume value is changed immediately after
the rising of CSN.

01 Zero-cross mode A Zero-cross is detected after the rising of CSN, or after tTM1 (20ms) passes,
volume value is changed.

10 Zero-cross mode B Zero-cross is detected after the rising of CSN, or after tTM2 (10ms) passes,
volume value is changed.

11 Zero-cross mode C When the next data is written within tTM1 (20ms) for zero-cross mode A, the
changed is performed at the faling of CSN by using the volume value
immediately before.

t<ttm t<im™m t<ttm t<ttm
No zero-cross No zergfcmss No zero-cross No zero-cross
CSN
SDATAI X-12B) ¥-ecB ) X-6d8 X348 Y X odB X

Volume value

(Zero-cross

-15dB(Last value)

mode A, B)
Volume value

(Zero—cross —-15dB(Last value)

-3dB

X -tzas X 9B X 68 X ( odB

mode C)
Operatio

n in each zero-cross mode when zero-cross is not detected

¥ Be careful not to change the zero-cross mode during the operation of the device, or an erroneous operation may be
caused. Perform change of zero-cross mode after the elapse of 1 second or more from the rising of CSN signal.

*Power on reset
YAC523 builds in

the power on reset function that resets the volume value when the power is turned on.

Since a system that perform the reset by detecting the power supply voltage level, when turning on the power

supply again, do it after the power su
less). Moreover, although a volume

pply voltage AVDD and AVSS has reduced sufficiently (to +1.0V/ -1.0V or
register is reset at the time of a power supply injection, since shocking

sound occurs in the case of power supply ON/OFF, please apply mute to the whole set.

Power on reset is started when AVSS

is 90%. At the time, AVDD should rise +1V or more. Since power-on reset

may be unable to be completed when conditions cannot be fulfilled, please perform a re-setup of a volume
register before canceling MUTE by the side of a set.
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B Example of system configuration

When there is a fear that voltage exceeding the maximum rating is applied to the analog input pins (IN1 to IN7) of YAC523,
connect diodes between AVDD and AVSS as shown below to prevent application of voltage exceeding the maximum rating
to the input pins.

Please make an analog domain and a digital domain into the ground side separated, respectively, and arrange YAC523 to an
analog domain and the impedance to an AVSS pin should become small as much as possible.

And please secure an area large enough, and a radiation noise should fully be stopped and an analog ground and a digital
ground also make it.

Control signals, such as serial interface, should wire a digital ground side collectively. In order to prevent interference with a
control signal and an analog signal, be careful for an analog signal and a digital signal not to cross or not to adjoin.

- Analog input terminal protection -

AVDD

INT~IN7

AVSS

VDD(<AVDD)

Digital Controller
Since SDATAOQ is an open drain 'VDD VSS:

output pin, connect it to the power
supply of the destination device
connected through a resistor.

SDATAI of YAC523

-6V <J \d 1
10uF 0.1uF
100,uFér W), S
e N EE EEEEERER
+6V < o AL LN EFES=2
100“':% oy (O SEZEEZI3Z856¢
= e ) = =® g QQ%
w
0.1uF T ;0—1AVSS Z NC%L
~ L3 [ 2avpD NC—
©_|_—uij TopFH 2 INT k== o .L'V\/\/—'1©
©T 22 ¢ 10,UFH+ IN2 ouT2 32 10,uF+H ‘LIVWEI){©
O—F289R Toe 2|3 Sl TouF. 1 W{©
O T 3 Lz YAC523 OUT4 5 ?—’\A/VE)'_—’T—@)
@T 2.2kQ ~ T FH+ IN5 OUT5 0 F+H o 10kQ T@
= 2.2k0 o 8 29 ML o ke =
QDW\,_T 10pFH 9 L QI og 10WFH L/V\/\/_li
= 2.2kQ 10kQ —
AVDD NCE—
11 26 —
AVSS NCE—
12\ ReF7B REF1BI>—
0.1uF |0.1pF {@ér%qq;g%%{qu =
T T CeEPfrPrdfe .
LT T | hosuwbbbuuiul
| I O] O~ 0] o] o] =| N @ T
|||~ | | ~| N v | |
ah bbb EEERRE
S8 ghr SRl s Ty Ty g
o @ @ o o (2] @
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B Electrical characteristics

1.Absolute maximum rating

Item Symbol Min. Max. Unit
Power supply voltage AVpp—AVg 14.0 \
Analog input terminal voltage Vina AV -0.6 AV,+0.6 \Y
and
Vina—AVgs € 14.0V
Digital input terminal voltage Vo AV -0.3 AV ,+0.3 Vv
Storage temperature Tsre -50 125 °C
Note : DGND=0V
2. Recommended operating conditions
Item Symbol Min. Typ. Max. Unit
Analog power supply voltage(Positive) AV 475 6.00 6.60 \Y,
Analog power supply voltage(Negative) AV -6.60 -6.00 -4.75 \Y
Operating ambient temperature Top -40 85 °C
Note : DGND=0V
3. Analog characteristics (Ta=25°C, AV,,=+6.0V, AV,;=—6.0V)
Item Symbol Min. Typ. Max. Unit
Gain range Gain -95.0 +31.5 dB
Step size 0.5 dB
Gain matching between channel (0~-40dB, 1kHz) +0.1 dB
Gain matching between channel (@-80dB, 1kHz) +0.2 dB
Step error (=-80dB) +0.1 dB
Input resistance R 50 kQ
Output resistance R, 100 Q
Load capacitance R, 5 kQ
Input capacitance G, 10 pF
Load capacitance C, 100 pF
Maximum input voltage (THD<1%, RL=c0) V, 42 Vrms
Maximum output voltage (THD<1%, RL=00) Vo 42 Vrms
Output noise voltagel (In=GND, Vol=+16dB) *1 Vni 10.0 U Vrms
Output noise voltage2 (In=GND, Vol=0dB) *1 Vn2 25 KU Vrms
Output noise voltage3 (In=GND, Vol=Mute) *1 Vn3 1.2 U Vrms
Total harmonic distortion (In=1Vrms, Vol=0dB, 1kHz) *2 THD1 0.0004 %
Total harmonic distortion (In=1Vrms, Vol=0dB, 20kHz) *3 THD2 0.0055 %
Inter channel isolation (Vol=0dB, 1kHz) Cs -115 dB
Note : *1 : Input of other channels are analog ground, Band Width=IHF-A
*2 : Input of other channels are analog ground, Band Width=400Hz~30kHz
*3 : Input of other channels are analog ground, Band Width=400Hz
4 Power consumption
Item Symbol Min. Typ. Max. Unit
Power consumption(AVy,=+6V, AVs=—6V, CSN="H") PD 360 mW
5.DC characteristics
Item Symbol Condition Min. Typ. Max. Unit
High level input voltage Vi 22 \'%
Low level input voltage Vi 0.8 V
Low level output voltage Voo [,=1.5mA 0.4 V
Input leakage current I 10 A
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6.AC characteristics (C,=20pF)

Item Symbol Min. Typ. Max. Unit
Serial clock frequency SCLK 0 1.0 MHz
Serial clock pulse width high tPH 500 ns
Serial clock pulse width Low tPL 500 ns
SDATAI set up time tSbvs 200 ns
SDATAI hold time tSDH 200 ns
CSN pulse width High tCSPH 1000 ns
CSN set up time tcsvs 500 ns
CSN hold time tLTH 200 ns
SDATAO data output set up time tCSH 300 ns
SDATAO output delay time tSSD 300 ns
SDATAO output data hold time (data output stop) tCSDH 200 ns
CSN, SCLK rise time tR 100 ns
CSN, SCLK fall time tF 100 ns
Zero—cross time out (Zero—cross MODE=A, C) tT™1 20 ms
Zero—cross time out (Zero—cross MODE=B) tTM2 10 ms
Regulation time until the data writing from a power supply injection | tPUP 20 50 ms
(more than AVSS=90%) to LSI becomes effective. (CREF=10 i F)

tCSPH
—L Vi VIH t
CSN
ViL
tLTH

SCLK ViL

SDATAI vy VIH
- ViL ViL 0
| )}
tCSDH

((
).

SDATAO VoL MSB >< VoL >< __,T—VOL
)

tCsH tsSsD

Fig 1 Serial port timing
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M Typical analog characteristic

As long as there is no description especially, it is Ta=+25°C, AVDD=+6V, AVSS=-6V, RL=10k Q2 . CL=100pF.

3.0

F reguency response
(Gain=0dB, V, =0dBY)

~J
(=]

[

Lo
=

Amp | i tude (dB)

-1.0

-2.0

-3.0

100 Tk 10k

Frequency(Hz)

Frequency response
(Gain=+20dB, V¥, =-20dBY)

100k 200k

3.0

2.0

o

Amp | itude(dB)
—
(]

-2.0

-3.0

100 Tk 10k
Frequency (Hz)

100k 200k
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THD vs Input voltage 1kHz
(Gain=0dB, BW measure=400Hz~30kHz)

|
0.1
)
= 0.01
=
0.001
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(Gain=0dB, BW measure=400Hz~)
1
0.1
=
= —
Pl
“-\__“‘k !"
]
0.001
4

0.1 1
Input wvoltage(Wrms)
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THD vs Frequency (R =0OPEN, 10k<2)
(V,=0dBY, BW measure=—~30kHz)
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B External dimensions of package

C-PK48VP-0

12.00=0. 40
10.00=0. 30

36 | 2;
T |
37 = ! S PR
— \ =
—] ‘ — g
— —
g B i
 m— — s
—] ‘ — - o
—] ! —
— —
48 O ‘ =113 Y
LILILILILILI\IJLILILIIJ12 ‘
__ P-0.65 TYP. 0.32 or 0.30
£
=
~ 2
W e
fE .°
g™
T=
2 =
5 Z
— =2
= - (1.00)
o
r | \ 0-10°
v Wawlilililililililililililmp\ }
1 A ! $U«
#HFES 015 TYP. or 0.17 TYP. 0.50

(LEAD THICKNESS)

EF—)LRFa—F—RRKIE. AHEE
ETELDEA4TEHYET,
HhyaRDTEEIISEEET S,
E—IL RO ETRFANA) ZEEEL,
BEELWUNIT) : mm(millimeters)

The shape of the molded corner
may slightly different from the
shape in this diagram.

The figure in the parenthesis ( )
should be used as a reference.
Plastic body dimensions do not
include burr of resin.

UNIT: mm

33) REEELSIE, REEHE. RUFAMFIZOVTORNGEREENBETT,
HLLREYYN\REBEEFTESHEWLWSHLELLESLY,

Note: The storage and soldering of LSIs for surface mounting need special consideration.
For detailed information, please contact your local Yamaha agent.
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IMPORTANT NOTICE

1. YAMAHA RESERVES THE RIGHT TO MAKE CHANGES TO ITS PRODUCTS AND TO THIS DOCUMENT WITHOUT
NOTICE. THE INFORMATION CONTAINED IN THIS DOCUMENT HAS BEEN CAREFULLY CHECKED AND IS
BELIEVED. HOWEVER, YAMAHA SHALL ASSUME NO RESPONSIBILITIES FOR INACCURACIES AND MAKE NO
COMMITMENT TO UPDATE OR TO KEEP CURRENT THE INFORMATION CONTAINED IN THIS DOCUMENT.

2. THESE YAMAHA PRODUCTS ARE DESIGNED ONLY FOR COMMERCIAL AND NORMAL INDUSTRIAL
APPLICATIONS, AND ARE NOT SUITABLE FOR OTHER USES, SUCH AS MEDICAL LIFE SUPPORT EQUIPMENT,
NUCLEAR FACILITIES, CRITICAL CARE EQUIPMENT OR ANY OTHER APPLICATION THE FAILURE OF WHICH
COULD LEAD TO DEATH, PERSONAL INJURY OR ENVIRONMENTAL OR PROPERTY DAMAGE. USE OF THE
PRODUCTS IN ANY SUCH APPLICATION IS AT THE CUSTOMER'S OWN RISK AND EXPENSE.

3. YAMAHA SHALL ASSUME NO LIABILITY FOR INCIDENTAL, CONSEQUENTIAL OR SPECIAL DAMAGES OR INJURY
THAT MAY RESULT FROM MISAPPLICATION OR IMPROPER USE OR OPERATION OF THE PRODUCT.

4. YAMAHA MAKES NO WARRANTY OR REPRESENTATION THAT THE PRODUCTS ARE SUBJECT TO INTELLECTUAL
PROPERTY LICENSE FROM YAMAHA OR ANY THIRD PARTY, AND YAMAHA MAKES NO WARRANTY OR
REPRESENTATION OF NON-INFRINGEMENT WITH RESPECT TO THE PRODUCTS. YAMAHA SPECIFICALLY
EXCLUDES ANY LIABILITY TO THE CUSTOMER OR ANY THIRD PARTY ARISING FROM OR RELATED TO THE
PRODUCTS INFRINGEMENT OF ANY THIRD PARTY'S INTELLECTUAL PROPERTY RIGHTS, INCLUDING THE
PATENT, COPYRIGHT, TRADEMARK OR TRADE SECRET RIGHTS OF ANY THIRD PARTY.

5. EXAMPLES OF USE DESCRIBED HEREIN ARE MERELY TO INDICATE THE CHARACTERISTICS AND
PERFORMANCE OF PRODUCTS. YAMAHA SHALL ASSUME NO RESPONSIBILITY FOR ANY INTELLECTUAL
PROPERTY CLAIMES OR OTHER PROBLEMS THAT MAY RESULT FROM APPLICATIONS BASED ON THE
EXAMPLES DESCRIBED HEREIN. YAMAHA MAKES NO WARRANTY WITH RESPECT TO THE PRODUCTS, EXPRESS
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR USE AND TITLE.

6. YAMAHA MAKES EVERY EFFORT TO IMPROVE THE QUALITY AND RELIABILITY OF ITS PRODUCTS. HOWEVER,
ALL SEMICONDUCTOR PRODUCTS FAIL WITH SOME PROBABILITY. THEREFORE, YAMAHA REQUIRES THAT
SUFFICIENT CARE BE GIVEN TO ENSURING SAFE DESIGN IN CUSTOMER PRODUCTS SUCH AS REDUNDANT
DESIGN, ANTI-CONFLAGRATION DESIGN, AND DESIGN FOR PREVENTING MALFUNCTION IN ORDER TO
PREVENT ACCIDENTS RESULTING IN INJURY OR DEATH, FIRE OR OTHER SOCIAL DAMAGE FROM OCCURRING
AS A RESULT OF PRODUCT FAILURE.

7. INFORMATION DESCRIBED IN THIS DOCUMENT: APPLICATION CIRCUITS AND ITS CONSTANTS AND
CALCULATION FORMULAS, PROGRAMS AND CONTROL PROCEDURES ARE PROVIDED FOR THE PURPOSE OF
EXPLAINING TYPICAL OPERATION AND USAGE. THEREFORE, PLEASE EVALUATE THE DESIGN SUFFICIENTLY AS
WHOLE SYSTEM UNDER THE CONSIDERATION OF VARIOUS EXTERNAL OR ENVIRONMENTAL CONDITIONS AND
DETERMINE THEIR APPLICATION AT THE CUSTOMER'S OWN RISK. YAMAHA SHALL ASSUME NO
RESPONSIBILITY FOR CLAIMS, DAMAGES, COSTS AND EXPENSES CAUSED BY THE CUSTOMER OR ANY THIRD
PARTY, OWING TO THE USE OF THE ABOVE INFORMATION.
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Notice | The specifications of this product are subject to improvement changes without prior notice.

s ~ — YAMAHA CORPORATION

AGENT Address inquiries to:

Semiconductor Sales & Marketing Department

H Head Office 203, Matsunokijima, Toyooka-mura
Iwata-gun, Shizuoka-ken, 438-0192, Japan
Tel. +81-539-62-4918 Fax. +81-539-62-5054

B Tokyo Office 2-17-11, Takanawa, Minato-ku,
Tokyo, 108-8568, Japan
Tel. +81-3-5488-5431 Fax. +81-3-5488-5088

W Osaka Office 3-12-12, Minami Senba, Chuo-ku,
Osaka City, Osaka, 542-0081, Japan
Tel. +81-6-6252-6221 Fax. +81-6-6252-6229
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