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YDA139

D-4

STEREO 2.5W DIGITAL AUDIO POWER AMPLIFIER

m Overview

YDA139 (D-4) is a digital audio power amplifier IC with maximum output of 2.5W (R;=4Q )x2ch.

YDA139 has a “Pure Pulse Direct Speaker Drive Circuit” which directly drives speakers while reducing distortion of
pulse output signal and reducing noise on the signal, and realizes the highest standard low distortion rate characteristics
and low noise characteristics as the same class of output digital amplifier IC.

In addition, circuit design with fewer external parts can be made depend on the condition of use because corresponds to

filter less.

YDA139 has the power-down function which can minimize the power consumption in the standby state.

In addition, high speed recovery function provided realizes recovery time within 1ms from the power-down state.
Moreover, Over-current Protection function for speaker output terminals, IC Thermal Protection function, and POP
Noise Reduction function are provided.

YDA139 supports both digital signal input and analog signal input.

m Features

*Maximum output
WLCSP25
2.5 Wx2ch (VDDP:VDDA:5~OV7 RL:4Q, THD+N:10%)
1.5 Wx2ch (VDDP:VDDA:5~OV7 RLZSQ, THD+N:10%)
SSOP24
2.5 Wx2ch (VDDP:VDDA:5~OV7 RL:4Q, THD+N:10%)
1.3 Wx2ch (VDDP:VDDA:5~OV7 RLZSQ, THD+N:10%)
+ Efficiency
WLCSP25
91 % (Analog input mode, Vppp=Vppa=5.0V, R =8Q, Po=1.5W)
SSOP24
88 % (Analog input mode, Vppp=Vppa=5.0V, R;=8Q, Po=1.5W)
*Distortion Rate (THD+N)
0.03 % (Analog input mode, Vppp=Vppa=5.0V, R =8Q, Po=0.65W)
*S/N Ratio
99dB (Analog input mode, Vppp=Vppa=5.0V, Gain[1:0]=L,L)
*Over-current Protection function
* Thermal Protection function
*Low voltage Malfunction Prevention function
*Power-down function by PDN terminal
*Power-down High speed Recovery function
*Package
Lead-free 25-ball WLCSP (YDA139-WZ)
Lead-free 24-pin SSOP (YDA139-EZ)

YAMAHA CORPORATION

YDA139 CATALOG

CATALOG No.:LSI-4DA139A30
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B Terminal configuration
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<25-ball WLCSP Bottom View>
O
Avss [ |1 24 | ] VREF
NC [] 2 23| ] avoD
LN[ |3 2| | RN
mobo [ 4 21| ] PON
mop1 [ | 5 20 | ] LRCLK
GANo [ | 6 19| ] sDIN
GAN1[ |7 18| ] scLk
NC [ |8 17 ] Ne
pvoD [ |9 16| | PvDD
outpL [ |10 15| ] ouTPR
ouTML [ |11 14] ] OUTMR
pvss [ |12 13| ] pvss

<24-pin SSOP Top View>
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B Terminal function

*WLCSP25
No. Name 1/0 Function
Al OUTPL 0] Positive differential output terminal Lch 1
A2 OUTML (0] Negative differential output terminal Lch
A3 PVSS GND GND for output
A4 OUTMR O Negative differential output terminal Rch
AS OUTPR O Positive differential output terminal Rch 1
Bl PVDD Power Power supply for output (non-regulated)
B2 OUTPL 0 Positive differential output terminal Lch 2
B3 PVSS GND GND 2 for output
B4 OUTPR 0 Positive differential output terminal Rch 2
BS PVDD Power Power supply for output
Cl GAINO I Gain setting terminal
C2 GAIN1 I Gain setting terminal
C3 LRCLK 1 Word clock input terminal
C4 SCLK I Bit clock input terminal
C5 SDIN I Data clock input terminal
Dl AVSS GND GND for analog circuit
D2 MODO I Analog /Digital /Mix mode switching terminal
D3 MODI1 I Analog /Digital /Mix mode switching terminal
D4 PDN 1 Power-down terminal
D5 AVDD Power Power supply for analog circuit
El AVSS GND GND for analog circuit
E2 LIN A Analog input terminal Lch
E3 VREF A VREF terminal
E4 RIN A Analog input terminal Rch
ES AVDD Power Power supply for analog circuit

(Note) I: Input terminal ~ O: Output terminal A: Analog terminal

-SSOP24

No. Name 1/0 Function
| AVSS GND GND for analog circuit
2 NC - Non connection.
3 LIN A Analog input terminal Lch
4 MODO 1 Analog /Digital /Mix mode switching terminal
5 MODI1 I Analog /Digital /Mix mode switching terminal
6 GAINO I Gain setting terminal
7 GAIN1 I Gain setting terminal
8 NC - Non connection.
9 PVDD Power Power supply for output

10 OUTPL O Positive differential output terminal Lch

11 OUTML (0] Negative differential output terminal Lch

12 PVSS GND GND for output

13 PVSS GND GND for output

14 OUTMR (0] Negative differential output terminal Rch

15 OUTPR 0 Positive differential output terminal Rch

16 PVDD Power Power supply for output

17 NC - Non connection.

18 SCLK I Bit clock input terminal

19 SDIN I Data clock input terminal

20 LRCLK I Word clock input terminal

21 PDN I Power-down terminal

22 RIN A Analog input terminal Rch

23 AVDD Power Power supply for analog circuit

24 VREF A VREF terminal

(Note) I: Input terminal  O: Output terminal A: Analog terminal
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M Block diagram
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M Description of operating functions

@Digital Amplifier Function

YDA139 has digital amplifiers with analog and digital input, PWM pulse output, Maximum output of 2.5W (R =4Q )x2ch.
Distortion of PWM pulse output signal and noise of the signal is reduced by adopting “Pure Pulse Direct Speaker Drive
Circuit”

First Stage Amplifier Gain Setting Function
YDA139is composed of the first stage amplifier with gain setting control and a 6dB fixed-gain digital amplifier. Gain of the
first stage amplifier can be set by GAIN[1:0] terminal.

Digital Amplifier Gain Setting (Analog Input —Digital Amplifier Output)

GAIN1 GAINO Gain Input Sensitivity Input Impedance(Z)
L L 12dB 800mVrms 100kQ
L H 18dB 400mVrms 66.3kQ
H L 21.6dB 250mVrms 50kQ
H H 26dB 150mVrms 33.3kQ

Note) H and L indicates logic High and logic Low, respectively.

Connect a 0.01pF or more capacitor to the audio signal input terminals (LIN and RIN) for the rejection of DC signal.

The input low region cutoff frequency is calculated by 1/(2xnxZ*xCpy).

When GAIN[0:1]=L,L and C;x=0.01yuF, the input low region cutoff frequency becomes 159Hz.

And, half voltage (Vrer) of AVDD terminal voltage is output to the reference voltage terminals (VREF). Connect a 1uF or

more capacitor to the terminals for voltage stabilization.

*When the input low region cutoff frequency is lowered, capacitor that is larger than 0.01pF (max. 0.1uF) can be

connected. However, please note the following points.

(1) The pop noise when the power supply is disconnected might become large. Therefore, correspond by following method.
(DAfter PDN terminal change to "L", disconnect power supply.
@VREF capacitor is set to Crer=Ciny*20[uF].

(2) The recovery time from the power down becomes long. (Refer to the item "Power Down Function" for relation between
the recovery time tppr and Cpy and Crgr.)

@DAC Function

YDA139 includes a stereo DAC with 44.1kHz, 48kHz/16bit. The output of DAC is amplified by the digital amplifier to
output to speakers. The digital signal input supports the following format.

Gain from DAC output to the digital amplifier output is fixed to 12dB. The full scale voltage (Vgs) of DAC is depending on
AVDD terminal voltage (Vppa) and can be found with the following formula: Ves=Vppax0.56.

Vs is amplified 12dB, and it becomes an amplifier output. For example, Vis=1.68V and amplifier output (BTL) =6.72Vpp
at VDDA:3V~

Do not input the DC signal to YDA139 because built-in DAC doesn't have the DC cutting function. And, do not stop each
clock of SCLK, LRCLK and SDIN at the digital input mode and mixing mode.

SDIN

Lch Rch

Left channel is received when LRCLK is L.
Right channel is received when LRCLK is H.
SDIN and LRCLK are sampled at the rising edge of SCLK.

Digital Signal Input Format (16-bit format with left-justified and a one bit clock delay).
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@ Mode Selection Function

YDA139 has mode selection function for selecting analog input and digital input. In the digital input mode, DAC output
signal is output in 12 dB(fixed) of gain. In the analog input mode, analog signal that was input to LIN/RIN is output in a
gain in accordance with the setting of GAIN[1:0] terminal. In the mixing mode, the digital input and analog input is mixed
and output.

MOD[1:0] Setting and Operation Mode

MOD1 MODO Function
L L Digital Input Mode
L H Analog Input Mode (DAC Power-down)
H L Mixing Mode
H H Reserved

Note) MODJ[1:0]=H,H is already reserved by the system.

@Power-down Function
When PDN terminal is L, the power-down mode is selected in YDA139. The mode stops all the ci*rcuit functions and
minimizes power consumption. At this time, the output stage of the digital amplifier is disabled (WL"™"). In addition, the
High Speed Recovery function allows recovery to the normal operation at 0.8msec (tppg) When setting PDN to H in the
power-down state.

Note)*1: “WL” means output disabled (weak pull-down output).

The relation between power down recovery time (tppr) and Cpy is as follows.

DC Cut capacitor Cin vs Power down recovery time (GAIN[0:1]=L,L)
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@Protection Function

YDAI139 has the following protection functions for the digital amplifier: Over-current Protection function, Thermal
Protection function, Low voltage Malfunction Prevention function, and Power supply voltage fluctuation protection
function.

Over-current Protection function

This is a function to make the Over-current Protection Mode by detecting a short-circuiting (Ground short/Power supply
short/Short between terminals) in the output stage of digital amplifier and to disable (WL) the output stage of the digital
amplifier. When entering the Protection Mode, automatically it returns to the normal operation after a given waiting
time(Twr). If short circuiting in the output stage continues, the sequence is repeated: short circuit detection, protection mode
(Twr), and automatic recovery.

Thermal Protection function

This is a function to make the Thermal Protection Mode by detecting extraordinary high temperature of YDA139 and to
disable (WL) the output stage of the digital amplifier. This Protection mode is automatically returned to the normal
operation state when internal temperature of YDA139 is lowered sufficiently.

Low voltage Malfunction Prevention function

YDA139 has this Prevention function so as not to cause malfunction in the low power supply voltage. When AVDD
voltage becomes lower than Vyyy 1 the Protection mode is operated to disable (WL) the output stage of the digital amplifier.
When AVDD voltage becomes higher than Vyyp g, the protection mode is cancelled after a given waiting time and turns into
the normal mode.

Power supply Voltage Fluctuation Detection function

YDA139 has this detecting function so that noise may not be generated from speakers when AVDD voltage was lowered
significantly. When AVDD voltage becomes lower than Vy  the protection mode is operated to disable (WL) the output
stage of the digital amplifier. When AVDD voltage becomes higher than Vy the protection mode is cancelled and turned
into the normal operation mode.

@ Pop noise reduction

When used in Digital Input mode (MOD[1:0]=L,L) and Mixing mode (MOD[1:0]=H,L), cut power off after setting PDN
terminal to “L” in order to reduce the pop noise.

@ Snubber Circuit

When use in power supply voltage 4.5V or more, connect the RC snubber circuit between each output terminal (Lch:
between OUTPL and OUTML, Rch: between OUTPR and OUTMR, near IC).
The constant and the snubber circuit are as follows.

Power supply voltage range R C OUTPL
4510 5.25V 10 330pF (OUTPR)
*1: Use the temperature compensated capacitor. 10
330pF =—
OUTML |

(OUTMR)

)
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M Application circuit examples

@ Correspond to Digital input/Analog input/Mixing mode

O Snubber circuit is unnecessary. (When use in power supply voltage under 4.5V)
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U Snubber circuit is necessary. (When use in power supply voltage 4.5V or more.)
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@ Correspond to Digital input mode (Without Snubber circuit]
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@ Correspond to Analog input mode (Without Snubber circuit)
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M Electrical Characteristic

@ Absolute Maximum Ratings "

ltem Symbol Min. Max. Unit
Power supply terminal (PVDD) Voltage Range Voop —0.3 6.0 V
Power supply terminal (AVDD) Voltage Range Vppp —0.3 6.0 V
Input terminal Voltage Range*z) Vin Vss—0.3 Vppp+0.3 V
Allowable dissipation (WLCSP25,Ta=25°C) Pp2s 1.26 w
Allowable dissipation (WLCSP25,Ta=85°C) Poss 0.51 w
Allowable dissipation (WLCSP25,Ta=25°C) Pp2s 1.03 wW
Allowable dissipation (WLCSP25,Ta=70°C) Po7o 0.41 w
Storage Temperature Tste —50 125 K

Note) *1:Absolute Maximum Ratings is values which must not be exceeded to guarantee device reliability and life,
and when using a device in excess even a moment, it may immediately cause damage to device or may significantly deteriorate

its reliability

*2: Input terminal means MODO0O, MOD1, GAINO, GAIN1, SCLK, SDIN, LRCLK, and PDN terminal.

@Recommended Operating Condition

ltem Symbol Min. Typ. Max. Unit
Power Supply Voltage(PVDD) Voop 2.7 5 5.25 \%
Power Supply Voltage(AVDD) Vppa 2.7 5 5.25 vV
Operating Ambient Temperature Ta —20 25 85 °C
Speaker Impedance RL 4 - - Q

@DC Characteristics (Vss=0V, Vppp= Vppa =2.7V to 5.25V, Ta=—20°C to 85°C, unless otherwise specified)

(PDN=L) AVDD terminal + PVDD terminal

Ta=25°C

Item Symbol Conditions Min. Typ. Max. Unit
Output buffer H level output voltage VpoH lon=100mA Vppp—0.1 - - \
Output buffer L level output voltage VpoL lor=100mA - - 0.05 \'%
AVDD terminal
Y - - 22 - \Y
start-up threshold voltage VLA
AVDD terminal
shut-down threshold voltage Vowe i i 20 i v
Power Supply fluctuation +3)
- - X -
shut-down threshold voltage Vi Veer x 1.5 v
Digital terminal ¥ H level input voltage Vi | Vopa=5.25V 2.16 - - v
Digital terminal *H level input voltage Vi | Vooa=3.3V 1.32 v
Digital terminal * L level input voltage Vi | Vooa=2.7V - - 0.32 v
VREF output voltage VRer Vppa=5V - 2.5 - V
Analog m9de AVDD terminal oo Vopa=5V, no load - 33 i mA
consumption current
Analog m9de PVDD terminal oo Voop=5V, no load - 26 i mA
consumption current
Digital mo-de AVDD terminal oo Vopa=5V, no load - 6.1 i mA
consumption current
Digital mo-de PVDD terminal oo Voop=5V. no load - 26 ) mA
consumption current
Consumption current in power-down Vppa=Vppp=5V,
|pD - 0.1 - |JA

Note) *3: The value when the AVDD power supply voltage becomes 75% or less is meant.

*4: Digital terminal means MODO0O, MOD1, GAINO, GAIN1, SCLK, SDIN, LRCLK, and PDN terminal.

10
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@AC characteristics (Vss=0V, Vppp= Vppa =2.7V to 5.25V, Ta=—20°C to 85°C, unless otherwise specified)

ltem Symbol Min. Typ. Max. Unit
SCLK frequency UTscK > - 3.07 - MHz
SCLK Hi time TSCKH 40 - - ns
SCLK Lo time TsckL 40 - - ns
SDIN input set-up time Tsps 60 - - ns
SDIN input hold time TspH 25 - - ns
LRCLK input set-up time Tirs 60 - - ns
LRCLK input hold time TLRH 25 - ns

Note) *5: 1/Tscpx=32Fs~64Fs (Fs=44.1kHz, 48kHz)

SCLK

SDIN

LRCLK

tSCK tSCKH tSCKL
>
<> -
tsps  tsoH

tirs

tLrH

11
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@Analog Characteristics ® (Vss=0V, Vppp= Vppa =5.0V, Ta=25°C, R =8Q, unless otherwise specified)

-Digital Amplifier Section

ltem Symbol Conditions Min. | Typ. [ Max. | Unit
Ri=gQ  |Voos=5.0V.Vpp,=5.0V f=1kHz THD+N=10% 15 W
Maximum output p : Vppp=3.6V,V;p,=3.0V,f=1kHz, THD+N=10% 0.8 W
(WLCSP25) © R =40 Vppp=5.0V,Vpp,=5.0V,f=1kHz, THD+N=10% 2.5 W
; Vi0p=3.6V,V;,=3.0V,f=1kHz THD+N=10% 1.2 w
Ri=gq | Vooe=50V.Vop,=5.0V f=1kHz THD+N=10% 1.3 W
Maximum output p : Vppp=3.6V,Vppa=3.0V,f=1kHz, THD+N=10% 0.65 W
(SSOP24) © R =40 Vppp=5.0V,Vp,=5.0V,f=1kHz, THD+N=10% 2.5 w
; Vi0p=3.6V,V;p,=3.0V,f=1kHz THD+N=10% 1.0 w
GAIN[1:0]=L,L 12 dB
Voltage Gain A GAIN[1:0]=L,H 18 dB
(Analog input mode) v GAIN[1:0]=H,L 21.6 dB
GAIN[1:0]=H,H 26 dB
Total Harmonic Distortion Rate THD+N R.=4Q, Po=1.25W, f=1kHz, GAIN[1:0]=L,L 0.03 %
(Analog input mode) R.=8Q, Po=0.65W, f=1kHz, GAIN[1:0]=L,L 0.03 %
Total Harmonic Distortion Rate THD+N Ri=4Q, Po=1.25W, f=1kHz 0.05 %
(Digital input mode) R.=8Q, Po=0.65W, f=1kHz 0.05 %

Signal /Noise Ratio R.=8Q, Po=1.5W, A-Weight,

SNR 99 dB
(Analog input mode) GAIN [1:0]=L,L
Signal /Noise Rati
gnal frolse Ra'lo SNR  |R.=8Q, Po=1.5W, A-Weight 98 dB
(Digital input mode)
Channel Separation Ratio CS 1kHz, GAIN[1:0]=L,L 85 dB
. Vppp=5.0V, Vppa=5.0V, f=217H 80 dB
Power supply rejection ratio”’ PSRR 2% £oA z
VDDP=3.6V, VDDA=3.0V, f=217Hz 90 dB
Maximum Efficiency
R.=8Q, Po=1.5W 91 %
(WLCSP25) " L=o%, Fo '
Maximum Efficiency
R.=8Q, Po=1.5W 88 %
(SSOP24) M L ° '
Output o.ffset voltage Vo i 10 Iy
(Analog input mode)
OL.Itr.)Ut gﬁset voltage Vo i 20 Iy
(Digital input mode)
Frequency characteristics ‘ Cin =0.01uF , f=200Hz —3/+1 dB
(Analog input mode) % |cn =0.01uF , f=20kHz +1 dB
Frequency characteristics ‘ f=20Hz +1 dB
(Digital input mode) RES li=20kHz +1 dB
Carrier clock frequency fsw AVDD=5V - 920 - kHz
Over- t protecti d
ver currgn protection mode Turr Cumer=1UF, Ciy=0.01uF i 300 i ms
recovery time
tart-up ti h I
isae up ime when powersupbly | 1o |Cyrer=1uF, Cin=0.01uF - | 400 | - | ms
Power-down recovery time Tror Cvrer=1uF, Cin=0.01uF - 0.8 - ms

Note) *6:All the values of analog characteristics were obtained by using our evaluation circumstance.
Depending upon parts and pattern layout to use, characteristics may be changed.
*7:AVDD and PVDD are different power supply.
*8:Measurements in Vppp=5V is the value in which snubber circuit (1Q+330pF) is mounted.
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@ Typical characteristics examples (Vppp= Vppa =5.0V, Ta=25°C, R =8Q+30 1 H, unless otherwise specified)

THD+N vs Output Power
WLCSP25 Analog input mode Veoa=5V Voor=5V 4 Q +30uH
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THD+N vs Output Power
WLCSP25 Digital input mode Vopa=5V Voor=5V 4Q+30uH
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CS vs Frequency C8 vs Frequency
SSOP 24 Analog input mode Vopoa=5V Voor=5V 1250 mW SSOP 24 Digital input mode Vooa=5V Voor=5V 1250 mW
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Note) The frequency characteristics, channel separation (CS), and power supply rejection ratio (PSRR) are almost equal characteristics
regardless of the package.
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Note) Measurements in Vppp=5V is the value in which snubber circuit (1Q2+330pF) is mounted.

15



€ YAMAHA YDA139

B Package Outline

C—PK25WP-2

2.56+0.20

2.56%0.20

OO0

ol 8 &
(0.28)
P—0.50TYP.
N 25—¢0.50
> |
= oogodw
= 000O0O0| 2
J1 100000t
. O0QOO| ¢
& oogoos
8 ABéDE

E—)RFa—F—®RIE. CORBEETELRDIATEHYET,
HhyaINDTEEESEETT,
E—I)L FOETEFN) FEHT T,

Bfr: mm

The shape of the molded corner may slightly differ from the shape in this diagram.
The figure in the parentheses () should be used as a reference.

Plastic body dimensions include resin burr.

UNIT: mm

)

Note:

FEEELSIF, REFH. RUFAMTFISOVWTORMNGERENALETY .,
FHFLLRFVINREEEFTERVELE (S,

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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BAfI: mm

The shape of the molded corner may slightly differ from the shape in this diagram.
The figure in the parentheses () should be used as a reference.

Plastic body dimensions do not include resin burr.

UNIT: mm

F)  RAREFELSIE, RERHE. RUHFHEMFIZONWTORANGEENBDETT .
FLLRFVYINREBEETTHRENEGDESZSL,

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 ARESULT 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.
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Tokyo, 108-8568, Japan
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W Osaka Office 3-12-12, Minami Senba, Chuo-ku,

Osaka City, Osaka, 542-0081, Japan
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