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YMF781

APL-1

Automobile sound PLayer-1

B Overview

YMF781 (APL-1: hereinafter described as APL-1) is an LSI, integrating synthesizer, ADPCM decoder and a CPU for
control in one chip.

Various sounds used in common automobiles, motor cycles, and electric appliances, such as alarm sound, operation
sound, and melody sound, and pseudo engine sound for an electric car can be generated with a little CPU load.

A control CPU incorporated enables APL-1 control by a simple command (API) from the external host CPU.

Note: For API, refer to the APL-1 API specifications.

B Features

@®CPU is incorporated and enabling controls for synthesizer and other functions by the simple commands.
@Stereo hybrid synthesizer that can generate up to 64 voices simultaneously.
@®Time change low pass filter function by AL (Analog Lite) synthesizer is built in.
O®ADPCM and PCM stream playback is possible.
@The default tone for FM and Wave Table synthesizer is built in ROM, and registration of a tone to SRAM
is possible.

@Speaker amplifier and equalizer circuit is built in.
@ Stereo / monaural analog output terminal is equipped.
@®Two control circuits for LED lighting are built in.

The synchronization with contents and compulsive control are also possible.
@®The inspection function is built in as an external memory interface function.
@®APL-1 control interface

Three interfaces are provided: Clock Sync Serial, Asynchronous Serial (UART) and Command Port (Mode, which

identify commands by the changes of bus.)
@®Power down function is built in.
®Input and output port

Some terminals can be used as an Input/Output port, which can be controlled from the host CPU.
@®@Malfunction prevention function owing to the electrostatic noise and electromagnetic noise is built in.
@®Core power supply 3.3V (3.0V to 3.6V)
@®1/0O power supply 3.3V and 5.0V are changed. 3.3V (3.0V to 3.6V) 5.0V(4.75V to 5.25V)
@ Speaker amplifier power supply 3.3V (3.0V to 3.6V)
@ 100pin plastic SQFP, pin lead plating with Pd-free (YMF781-SZ)
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B Terminal Assignment
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B Terminal Functions

No. | Terminal Name (Port) | 1/O (Output Type) Functions
1 Al4 (0] (4mA) External memory Address bus 14
2 AlS (0] (4mA) External memory Address bus 15
3 Al6 (0] (4mA) External memory Address bus 16
4 LBN/LWRN  (P36) | O (4mA) External memory Low byte enable
5 UBN/UWRN (P37) | O (4mA) External memory Upper byte enable
6 VSS - Ground
7 | VDD - Power Supply (3.3V)
8 | LEDI O (4mA) LED output 1
9 | LED2 O (4mA) LED output 2
10 | RTSN (PO0) | O (4mA) Asynchronous Serial (UART) transmission request output VDDC is used
11 | CTSN (PO1) | Ish Asynchronous Serial (UART) transmission request input VDDC is used
12 | TXD (P10) | O (4mA) Asynchronous Serial (UART) transmission output VDDC is used
13 | RXD (P11) | Ish Asynchronous Serial (UART) reception input VDDC is used
14 | VDD - Power supply (3.3V)
15 | VSS - Ground
16 | VDDC - Power supply (3.3V/5.0V)
17 | PD Ish Power-down VDDC is used
18 | HSEL (P20) | Ish Serial interface selection (Asynchronous / clock sync) VDDC is used
19 | SMODE (P21) | Ish Clock sync serial mode selection (MSB/LSB first) VDDC is used
20 | SWRN (P22) | Ish Clock sync serial _write enable VDDC is used
21 | SRDYN (P23) | Ish/O (4mA) Clock sync serial ready VDDC is used
22 | SCLKN (P24) | Ish Clock sync serial clock VDDC is used
23 | SDO (P25) | Ish/O  (4mA) Clock sync serial data output VDDC is used
24 | SDI (P26) | Ish Clock sync serial data input VDDC is used
25 | IRQN 0 (4mA) Interrupt output VDDC is used
26 | SEL Ish Port selection (clock sync serial / port2) VDDC is used
27 | VSS - Ground
28 | XI 1 X’tal connection
29 | XO (0] X’tal connection
30 | VDD Power supply (3.3V)
31 | VSS - Ground
32 | VDD - Power supply (3.3V)
33 | TSTO Ish Test input terminal Normally, connect to the ground and use.
34 | TSTI Ish Test input terminal Normally, connect to the ground and use.
35 | TDO O Test output terminal Normally, use without connection.
36 | TMS Ish Test input terminal Normally, connect to the power supply
(VDD) and use.

37 | TCK Ish Test input terminal Normally, connect to the power supply

(VDD) and use.
38 | TDI Ish Test input terminal Normally, connect to the power supply

(VDD) and use.
39 | TRSTN Ish Test input terminal normally, connect to the Ground and use.
40 | RSTN Ish Hardware reset
41 | VDD - Power supply (3.3V)
42 | VSS - Ground
43 | VREF A- Analog Reference Signal
44 | AOL AO Analog Lch output or Lch+Rch output (monaural)
45 | AOR AO Analog Rch output
46 | EQI A- Equalizer terminal 1
47 | EQ2 A- Equalizer terminal 2
48 | EQ3 A- Equalizer terminal 3
49 | SPVDD - Power supply for exclusive use of speaker (3.3V)
50 | SPVSS - Ground for exclusive use of speaker

Notel: O: CMOS output terminal, I: CMOS input terminal, Ish: Schmitt CMOS input terminal, A: Analog terminal
Note2: The current value of the () in the I/O (output type) indicates the output drive capability of its terminal.

Note3: The power supply, VDDC can be switched to 3.3V or 5.0V.

Note4: For the terminals without the description of “VDDC is used” in the table, VDD (only 3.3V) is used to drive it.
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No. Terminal Name (Port) 1/0 (Output Type) Function

51 SPOUT1 AO Speaker connection terminal 1

52 SPOUT2 AO Speaker connection terminal 2

53 VSS - Ground

54 D15 Ish/O (2mA) External memory  Data Bus 15

55 D7 Ish/O (2mA) External memory  Data Bus 7

56 D14 Ish/O (2mA) External memory  Data Bus 14

57 D6 Ish/O (2mA) External memory  Data Bus 6

58 D13 Ish/O (2mA) External memory  Data Bus 13

59 D5 Ish/O (2mA) External memory  Data Bus 5

60 D12 Ish/O (2mA) External memory  Data Bus 12

61 VDD - Power Supply (3.3V)

62 VSS - Ground

63 VDD - Power Supply (3.3V)

64 D4 Ish/O (2mA) External memory  Data Bus 4

65 D11 Ish/O (2mA) External memory  Data Bus 11

66 D3 Ish/O (2mA) External memory  Data Bus 3

67 D10 Ish/O (2mA) External memory  Data Bus 10

68 D2 Ish/O (2mA) External memory = Data Bus 2

69 D9 Ish/O (2mA) External memory  Data Bus 9

70 Dl Ish/O (2mA) External memory  Data Bus 1

71 D8 Ish/O (2mA) External memory  Data Bus 8

72 DO Ish/O (2mA) External memory  Data Bus 0

73 VSS - Ground

74 | VDD - Power Supply (3.3V)

75 RDN (P30) (0] (4mA) External memory Read Enable

76 CSON (P31) (0] (4mA) External memory  Chip Select 0

77 CSIN (P32) (0] (4mA) External memory  Chip Select 1

78 CS2N (P33) (0] (4mA) External memory  Chip Select 2

79 Al (6] (4mA) External memory  Address Bus 1

80 A2 O (4mA) External memory  Address Bus 2

81 A3 (©) (4mA) External memory  Address Bus 3

82 A4 (6] (4mA) External memory  Address Bus 4

83 A5 (0] (4mA) External memory  Address Bus 5

84 A6 O (4mA) External memory  Address Bus 6

85 A7 (6] (4mA) External memory  Address Bus 7

86 Al7 (0] (4mA) External memory  Address Bus 17

87 Al8 (0] (4mA) External memory  Address Bus 18

88 Al9 (0] (4mA) External memory  Address Bus 19

89 | VDD - Power Supply (3.3V)

90 VSS - Ground

91 VDD - Power Supply (3.3V)

92 WRN (P34) (0] (4mA) External memory Write Enable

93 A21/A0 (P35) (0] (4mA) External memory  Address Bus 21/0

94 A20 (0] (4mA) External memory  Address Bus 20

95 A8 (0] (4mA) External memory  Address Bus 8

96 | A9 O (4mA) External memory  Address Bus 9

97 Al0 (0] (4mA) External memory  Address Bus 10

98 All o (4mA) External memory  Address Bus 11

99 Al2 (0] (4mA) External memory  Address Bus 12

100 | Al3 (0] (4mA) External memory  Address Bus 13
Notel: O: CMOS output terminal, I: CMOS input terminal, Ish: Schmitt CMOS input terminal, A: Analog terminal

Note2: The current value of the () in the I/O (output type) indicates the output drive capability of its terminal.

Note3: The power supply, VDDC can be switched to 3.3V or 5.0V.

Note4: For the terminals without the description of “VDDC is used” in the table, VDD (only 3.3V) is used to drive it.
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B Overview of the Operation

APL-1 includes the Synthesizer Core, the CPU for control and its peripheral circuit.

The CPU controls most of the controls such as Synthesizer Core and Input/Output Port.

Since the Synthesizer Core controls are all controlled by the built-in CPU, sound contents can be played by a simple
command from the external.

The sound contents are stored in the external ROM.

Since the sound contents support formats in SMAF, SMAF/Phrase and SMAF/Audio, ROM data can be created by the
development tool dedicated for APL-1.

The firmware in the built-in CPU is stored in the external ROM and can be updated by the exchange of ROM, or by
the download via the APL-1 Control Interface.

Likewise, for the sound contents, it can be updated by the exchange of ROM, or by the download via the APL-1
Control Interface.

APL-1 Control Interface: Clock Sync Serial, Asynchronous Serial (UART), is incorporated and can be selected by the
terminal. (Mode 1)

Sound Contents
Built-in CPU firmware

Mobile phone Flash-ROM
PC or ROM
Memory card
Wireless communication f/\
H
E Sound Contents APL-1
A2
Interface gpfakte'
Device UART — QO — | o
, < OeH & HoH >
1 5 Synthesizer || A > w >
Clock o Control CPU < Core J
Sync Serial O -
Host CPU =~ (MA-5) _ ‘
. »
O AMP
> L
Line out

Note: A configuration diagram, which mode 1 is selected as an APL-1 Control Interface, is shown.

The download of the sound contents and the update of the APL-1 firmware are normally performed via the host CPU.
When it is difficult to mount a download function in host CPU, the download of sound contents and the update of the
firmware can be performed directly by using the asynchronous serial (UART). However, the connection destination is
restricted to PC Asynchronous Serial (UART).

Mobile
Phone Wireless
Communication Flash S Flash
ROM =) ROM
UART
\ :[ PC \ T
UART
8
= € Ly Host CPU APL-1 Host CPU APL-1
. = UARTorUSB—1 2 _ _
£ Q8 e.®
PC & & » &
Memory /
CEE [Example of the Sound Download Configuration] [Example of the Direct Download]
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M Block Diagram
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B Overview of the block
The overview function of each block and the flow of a signal are explained.

Control CPU
The Control CPU controls APL-1 in all as well as the Synthesizer Core controls such as a sequencer function.

Synthesizer Core
Hybrid Synthesizer Core equivalent to MA-5, which is a synthesizer LSI for mobile phone.
The synthesizer performs play of the sound contents, LED controls, etc.

External Memory Interface
The interface connects APL-1 to the external memory
Accessible memory space is up to 8MByte. (CSON: 4MByte+CSlN 2MByte+ CS2N:2MByte.)
SRAM with the specification of byte access is necessary.
From P30-P37 can be used as the output port when only one external ROM is used.

APL-1 Control Interface
APL-1 is controlled through the APL-1 Control Interface.
Mode 1 and Mode 2 can be selected according to the settings of SEL terminal.
In Mode 1, Clock Sync Serial and Asynchronous Serial (UART) can be switched and used by the HSEL terminal.
In Mode 2, Asynchronous Serial (UART) and command port (A mode, which identify command by the change of
data that inputted into P20-P26) can be used at the same time.
P01 and P11 can be used as input port, and POO and P10 can be used as output port, depending on the settings.

Timing Generator
Clocks used in the APL-1 are generated.

Power-down Controller
The controller controls APL-1 in the power-saving mode.

Boot ROM, Work RAM, Timer, WDT, etc.
The peripheral devices of the Control CPU in the APL-1.
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M Electrical Characteristics

@Absolute Maximum Ratings

Item Symbol Min. Max. Unit

SPVDD terminal - Power supply Voltage SPVDD -0.3 6.0 \Y%
(Speaker Amplifier section)

VDD terminal - Power supply Voltage VDD -0.3 4.2 \
VDDC terminal - Power supply Voltage VDDC -0.3 7.0 \
SPOUT1, SPOUT?2 terminal - Supplied voltage Vinsp -0.3 SPVDD+0.3 \%
Analog Input Voltage Vina -0.3 VDD+0.3 \Y
Digital Input Voltage (1) (*1) VD1 -0.3 VDDC+0.3 \
Digital Input Voltage (2) (*2) Vinp2 -0.3 VDD+0.3 \
Storage Temperature Tsre -50 125 T

Conditions: VSS = SPVSS =0V
(*1) Relevant terminals: RXD, CTSN, PD, HSEL, SMODE, SWRN, SCLKN, SDI, and SEL
(When Port is used: P01, P11, and P20-P26)
(*2) Relevant terminals: Other input terminals

®Recommended Operating Conditions

Ttem Symbol Min. Typ. Max. Unit
SPVDD Operating Voltage
(Speaker Amplifier section) SPVDD 30 3.3 36 v
VDD Operating Voltage VDD 3.0 33 3.6 \Y
VDDC Operating Voltage VDDC 3.0 33 3.6 \Y%
(compatible with 3.3V/5.0V)
4.75 5.0 5.25 \%
Operating Ambient Temperature Top -40 25 85 C
Conditions: VSS = SPVSS =0V
@Consumption Current
Item Condition Min. Typ. Max. Unit
Normal operating Condition VDD + VDDC 50 80 mA
SPVDD when in no output 4 mA
when in 8ohm, 330mW Output 187 mA
Stand-by 1 Mode VDD + VDDC 25 40 mA
Stand-by 2 Mode VDD + VDDC 5 10 mA
Shutdown Mode (Top = 25°C) VDD + VDDC + SPVDD (*1) 6 10 uA
(Top = 85C) 50 uwA

Conditions: Top= -40 to 85°C, VDD= 3.0 to 3.6V, VDDC= 3.0 to 3.6V or 4.75 to 5.25V, Capacitor load=50pF
(*1): VDD=VDDC=SPVDD=3.30V, and for Input terminals, V;;=VSS, V= VDD or VDDC

@DC Characteristics

Item Symbol | Condition Min. Typ. Max. Unit
Input voltage “H” level (1) *1) Vini 0.70 X VDDC \
Input voltage “L” level (1) (*1) Vit 0.30 XVDDC \4
Schmitt Width (1) (*1) Vswi 0.15XVDDC \
Input voltage “H” level (2) (*2) Vi 0.70 X VDD \4
Input voltage “L” level (2) (*2) Vi 0.30XVDD \4
Schmitt Width (2) (*2) Vsw2 0.15X VDD \
Output voltage “H” level(1) (*1) Vom |log =-2mA 0.8 XVDDC A\
Output voltage “L” level (1) (*1) Vou  |loL = +4mA 0.2XVDDC v
Output voltage “H” level (2) (*2) Vomz |lon = -2mA(*3) 0.8 X VDD A%
Output voltage “L” level (2) (*2) Voo |loL = +4mA(*3) 0.2XVDD v
Input Leak Current IL -10 10 A
Input Capacitance CI 15 pF

Conditions: Top= -40 to 85°C, VDD= 3.0 to 3.6V, VDDC= 3.0 to 3.6V or 4.75 to 5.25V, Capacitor load=50pF
(*1) Relevant terminals: RXD, CTSN, PD, HSEL, SMODE, SWRN, SCLKN, SDI, and SEL
(when Port is used: P01, P11, and P20-P26)
(*2) Relevant terminals: Other Input Terminals
(*3) Except for DO to D15 terminal: Ioy = -1mA, Iy = +2mA
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@ AC Characteristics

Input/Output level measurement conditions: Viy = 0.75x VDD or 0.75 x VDDC
(unless otherwise specified) V. = 025xVDD or 0.25xVDDC
Vou = 0.75xVDD or 0.75xVDDC

Voo = 025xVDD or 0.25xVDDC

*Reset and Clock Timing
RSTN, XI, and other input signals

Item Symbol Min. Typ. Max. | Unit
RSTN “L” pulse width
(When in power-up and in shut-down-cancel) TrsTw 20 ms
(When power supply and clock is in stable) 100 s
RSTN (undefined—L) set-up time Trsts 0 us
VDD—VDDC power up time difference Tyskw 0 3 ms
XI Frequency 1/ TxrreqQ 6.144 MHz
XI Rising time and Falling time Txr, Txr 20 ns
XI High time Txu 60 ns
XI Low time Tx 60 ns
XI Input delay time Txin 1 ms
XI Input time Txinw 1 m$
Internal clock frequency U/Tcw 18.432 MHz
Input signals except XI Rising time and Falling time Tr Tk 15 ns

Conditions: Top= -40 to 85°C, VDD= 3.0 to 3.6V, VDDC= 3.0 to 3.6V or 4.75 to 5.25V, Capacitor load=50pF
+ Clock input to the XI terminal is necessary during the reset.
* Be sure to power VDD first when independent power supply is used for the supply of VDD and VDDC.

The minimum of

recommended

operating voltage.
VDDC

50%
TVSKW
50% e
VDD C 7
TRSTS TRSTW
RSTN : S § S
Vi =0.25*VDD
\N\N "
T Txinw
XI | | | | | | | | | .......... | | | | | | | | | | | |

The reset width is defined from a point that VDDC reaches to the minimum of recommended operating voltage.
RSTN input must be "L" level at the point where VDD reaches to 50%.
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TXR TXF
—>
/— V= 0.75*VDD
X1 /
V= 0.25*VDD
TXFREQ
Tr Tr
Vy=0.75*VDD or 0.75*VDDC
Input Signals :
except XI 5 Vi=0.25%VDD or 025*VDDC
*Clock Sync Serial Interface
Item Symbol Min. Typ. Max. Unit
SCLKN frequency (Serial transfer speed) 1/ Tsgreo 1 2 MHz
SCLKN High time Tsu 220 ns
SCLKN Low time TgL 220 ns
SDI set-up time Tsis 0 ns
SDI hold time Tsiy 75 ns
SDO output delay time Tsop 200 ns
SDO output hold time  (*1) Tson 110 ns
SRDYN output delay time (L—H) (*2) Tsrpp 300 ns

Conditions: Top= -40 to 85°C, VDD= 3.0 to 3.6V, VDDC= 3.0 to 3.6V or 4.75 to 5.25V, Capacitor load=50pF
(*1) The last SDO output data is held until the next SCLKN falling edge is detected.
(*2) Time to the High level in synchronization with SCLKN, when the first 1 bit is transmitted or received.
The falling timing depends on the transmit/receive process of the internal Control CPU.

Tsrreq
TSL TSH
V= 0.75¥*VDDC
SCLKN
V= 0.25*VDDC
/
<+ Ts]s —p <+ TSlH —P
SDI
Tsop
TSOII
\
«— Tsrop —»

SRDYN \
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= Asynchronous Serial Interface (UART)

Item Symbol Min. Typ. Max. Unit
Transfer Frequency (Baud rate: fixed to x16) 1/ Trxp 9 144 kHz
RXD allowable frequency error (*1) -2 +2 %

Conditions: Top=-40 to 85°C, VDD= 3.0 to 3.6V, VDDC= 3.0 to 3.6V or 4.75 to 5.25V, Capacitor load=50pF

(*1) In the case of 10 bits including the start bit and the stop bit.

+ External Memory Interface

Item Symbol Min. Typ. Max. Unit
Data (D) Set-up time Tpg 10 ns
Data (D) Hold time Tpu 10 ns
Address (A) Output Delay time Tap 40 ns
Control Signal Output Delay time (*1) Temp 40 ns
Data (D) Output Delay time Top 80 ns
Data (D) Output turn-on time Tpr 20 ns

Conditions: Top= -40 to 85°C, VDD= 3.0 to 3.6V, VDDC= 3.0 to 3.6V or 4.75 to 5.25V, Capacitor load=50pF
(*1) LBN/LWRN, UBN/UWRN, WRN, RDN, and CS*N

Internal Master Clock

Tap lb—> : :
Al21:0] X g
Too|
D[15:00] .= I
(Output) : fVaw '
D[15:00] L Tor (X
(Input) i XX&
H Terwp
LWRN, UWRN, D\ :
WRN (3clock or less) i X i
‘,—" Tcrip
LWRN, UWRN, R
WRN (4clock or more) :
'H Terp
LBN, UBN,
CS*N, RDN \

A4

T;

—

s —@

N Ay

Access time 2 to 9 clocks (variable)

*Note that the output timing of LWRN, UWRN, and WRN differs in the access time of 3 clocks or less and that of 4 clocks or more.

10
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@Analog Characteristics
Conditions: Top=25°C, VDD=3.30V, SPVDD=3.30V

*SP Amplifier
Item Min. Typ. Max. Unit
Gain Settings (Fixed) +2 times
Minimum load resistance (RL) 8 Q
Maximum Output Voltage Width (RL=8Q) 5.5 Vp-p
Maximum Output Power (RL=8Q, THD+N = 1.0%) 480 mW
THD + N (RL=8Q, f=1kHz, 330mW output) 0.03 %
Quiescent noise (A-filter: weighing filter) -90 dBV
PSRR (f=1kHz) 90 dB
Amplitude Center voltage 0.5xVDD \Y
Differential Output Voltage 10 50 mV
Connectable maximum load capacitance to SPOUT], 1000 pF
SPOUT?2 terminal (*)
(*): MAX 1000pF can be connected to the SPOUT1 terminal and the SPOUT?2 terminal.
*EQ Amplifier
Item Min. Typ. Max. Unit
Possible Gain Setting Range 30 dB
Maximum Output Voltage Amplitude 3.0 Vp-p
THD + N (f=1kHz) 0.05 %
Quiescent noise (A-filter) -90 dBV
Input Impedance 10 MQ
Feedback resistor between EQ2-EQ3 20 kQ
*SP Volume
Item Min. Typ. Max. Unit
Volume Setting Range -30 0 dB
Volume Step Width 1 dB
THD + N (f=1kHz) 0.05 %
*EQ Volume
Item Min. Typ. Max. Unit
Volume Setting Range -30 0 dB
Volume Step Width 1 dB
Quiescent noise (A-filter) -90 dBV
Maximum Output Current 132 uA
Maximum Output Voltage Amplitude 1.65 Vp-p
Output Impedance 300 600 Q
*HP Volume
Item Min. Typ. Max. Unit
Volume Setting Range -30 0 dB
Volume Step Width 1 dB
Quiescent noise (A-filter) -90 dBV
Maximum Output Current 132 uA
Maximum Output Voltage Amplitude 1.65 Vp-p
Output Impedance 300 600 Q
*VREF
Item Min. Typ. Max. Unit
VREF Voltage 0.5xVDD \Y%
*DAC
Item Min. Typ. Max. Unit
Resolution 16 Bit
Full scale Output Voltage 1.65 Vp-p
THD+N (f= 1kHz) 0.5 %
Quiescent noise (A-filter) -85 80 dBV
Frequency Characteristics (f=50Hz to 20kHz) -3.0 (%) +0.5 dB

(*) A drop of the high range response owing to the aperture effect.

11
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MEMO
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B Package Outline
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i FE S : 0.125TYP or 0.15TYP
(LEAD THICKNESS)

EF—)LRa—F—FKlF. COXmEETFELS The shape of the molded corner may slightly differ from the
A4 THEHYET, shape in this diagram.

Ay aRNDTEBEZSEETT, The figure in the parentheses ( ) should be used as a reference.
E—IL R ETREN) 2 EAEE A, Plastic body dimensions do not include resin burr.

BfI: mm UNIT: mm

3 REERELSIE, REEMH. RUOFHMITIZOVWTORBIGERENSLETT,
FLLFVINAREBEEFTEBLEDLE S0,

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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AGENT Address inquiries to:

Semiconductor Sales & Marketing Department

M 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
M 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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