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YDA136

D-60

STEREO 60W-100W DIGITAL AUDIO POWER AMPLIFIER CONTROLLER

H Outline

YDA136 (D-60) is a high efficient and high output digital audio power amplifier controller IC.

By combining a general purpose PowerMOSFET (hereafter called PowerMOSFET) which is connected with YDA136
and BTL, it is able to compose a high efficient audio power amplifier such as 60Wx2ch (Supplied voltage=32V, RL=6Q)
and 100Wx2ch (Supplied voltage=40V, RL=6Q).

YDA136 has 24bit 192kHz (max) DAC and 6 to -73dB (1dB Step) of electron volumes in addition to a digital amplifier
controller, and supports a digital audio signal input. Furthermore, it also supports an analog audio signal input with DAC
bypasses.

YDA136 realizes a high-standing audio characteristic that is lower noise and distortion rate by performing an analog
feedback from PowerMOSFET output, and by using Yamaha’s unique modulation method.

YDA136 also equips a function (Over current detection function) which protects a circuit from a short of speaker output
terminal (after the LC filter) and a function (Supplied voltage detection function) which prevents a malfunction by
detecting a power supply falling.

Moreover, it has a function (Clock stop detection function) to protect a circuit by detecting a stop termination of PWM
carrier clock and a function (High-temperature detection function) to protect a circuit by detecting the unusual
high-temperature condition of it-self.

At last, by making three YDA136 to daisy-chain connection, the audio system of 6¢ch is easily realizable.

B Features

+High Output Power
100W (VBB=40V, RL=6Q)
60W  (VBB=32V, RL=6Q))
*Low Distortion Rate(THD+N)
0.05% (Po=50W, 1kHz, RL=6Q, at digital input)
0.03% (Po=50W, 1kHz, RL=6Q, at analog input)
+High S/N Ratio
100dB (VBB=40V, A-filter, Gain=21.7+6dB, RL=6Q,
at digital input
*Low Residual Noise
100pV  (VBB=40V, Gain=21.7+6dB, at digital input)
70uV  (VBB=40V, Gain=21.7+6dB, at analog input)
+Channel Separation
80dB (1kHz, Po=50W)

YAMAHA CORPORATION

* Supports 24bit Digital input and Analog input
* Built-in 6 to -73dB (1dB Step) of electron volume
* Multi-channel synchronous operation by switching

Master/Slave function.

- Protect reset function

+ Hard mute function

* Monophonic function

+ Unusual operation detection protection function

(Over current, Supplied voltage, Speaker terminal
short, Clock stop, Heat)

- Pop noise rejection function at the time of

power-up

- 100 pin plastic SQFP

Pin lead plating with Pd-free (YDA136-SZ)

YDA136 CATALOG

CATALOG No.:LSI-4DA136A20

2005.4
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B Terminal Configuration
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B Terminal Functions

No. | Name 1/0 Function
1 | VSSR PWR | Rch Analog Ground Terminal
2 | VREFR AO | Rch Reference Voltage Output Terminal
3 | VDDR PWR | Rch Analog Power Terminal
4 | TEST DI Test Terminal: Usually, use it by “L” fixation.
5 | OMR AO Rch Electron Volume Output Terminal Inverted side
6 | OPR AO Rch Electron Volume Output Terminal Noninverted side
7 | FBPR Al Rch Digital Amplifier Input Terminal  Noninverted side
8 | FBMR Al Rch Digital Amplifier Input Terminal  Inverted side
9 | ITPR AO Rch External Filter Element Connection Terminal Noninverted side
10 | ITMR AO | Rch External Filter Element Connection Terminal Inverted side
11 | OFCRI1 Al Hold to “H” level.
12 | OFCR2 Al Hold to “L” level.
13 | OFCR3 Al Hold to “L” level.
14 | DLYLR Al Rch Low-Side Driver Off-time Setting Terminal
15 | OCPLR Al Rch Low-Side Over Current Detection Terminal
16 | ONPRU DO Rch Low-Side Driver Output Terminal ~ Noninverted side (Pull-up)
17 | ONPRD DO Rch Low-Side Driver Output Terminal  Noninverted side (Pull-down)
18 | VSSPR PWR | Rch Low-Side Driver Ground Terminal
19 | ONMRD | DO | Rch Low-Side Driver Output Terminal  Inverted side (Pull-down)
20 | ONMRU DO Rch Low-Side Driver Output Terminal  Inverted side (Pull-up)
21 | VDDPR | PWR | Rch Low-Side Driver Power Terminal
22 | N.C. - Non connection.
23 | N.C. - Non connection.
24 | N.C. - Non connection.
25 | N.C. — Non connection.
26 | N.C. — Non connection.
27 | N.C. — Non connection.
28 | N.C. - Non connection.
29 | N.C. - Non connection.
30 | VBSPR | PWRH | Rch High-Side Driver Power Terminal
31 | OPMRD | DOH | Rch High-Side Driver Output Terminal  Inverted side (Pull-down)
32 | OPMRU | DOH | Rch High-Side Driver Output Terminal  Inverted side (Pull-up)
33 | VBBPR | PWRH | Rch High-Side Driver Power Terminal
34 | OPPRU DOH | Rch High-Side Driver Output Terminal ~ Noninverted side (Pull-up)
35 | OPPRD DOH | Rch High-Side Driver Output Terminal  Noninverted side (Pull-down)
36 | VBS PWRH | High-Side Common Circuit Power Terminal
37 | OCPHR AIH | Rch High-Side Over Current Detection Terminal
38 | DLYHR AIH | Rch High-Side Driver Off-time Setting Terminal
39 | DLYHL AIH | Lch High-Side Driver Off-time Setting Terminal
40 | OCPHL AIH | Lch High-Side Over Current Detection Terminal
41 | VBB PWRH | High-Side Common Circuit Power Terminal
42 | OPPLD DOH | Lch High-Side Driver Output Terminal = Noninverted side (Pull-down)
43 | OPPLU DOH | Lch High-Side Driver Output Terminal ~ Noninverted side (Pull-up)
44 | VBBPL | PWRH | Lch High-Side Driver Power Terminal
45 | OPMLU | DOH | Lch High-Side Driver Output Terminal  Inverted side (Pull-up)
46 | OPMLD | DOH | Lch High-Side Driver Output Terminal  Inverted side (Pull-down)
47 | VBSPL | PWRH | Lch High-Side Driver Power Terminal
48 | N.C. - Non connection.
49 | N.C. — Non connection.
50 | N.C. — Non connection.

Note: DI: Digital Input Terminal, DO: Digital Output Terminal, DIO: Digital /O Terminal, DOH : High-Side Digital Output Terminal
Al: Analog Input Terminal, AO: Analog Output Terminal, AIH: High-Side Analog Input Terminal
PWR: Low-Side Power Terminal, PWRH : High-Side Power Terminal
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No. Name 1/0 Function

51 | N.C. — | Non connection.

52 | N.C. — | Non connection.

53 | N.C. — | Non connection.

54 | N.C. — | Non connection.

55 | VDDPL | PWR | Lch Low-Side Driver Power Terminal

56 | ONMLU | DO | Lch Low-Side Driver Output Terminal  Inverted side (Pull-up)

57 | ONMLD | DO | Lch Low-Side Driver Output Terminal  Inverted side (Pull-down)
58 | VSSPL PWR | Lch Low-Side Driver Ground Terminal

59 | ONPLD DO | Lch Low-Side Driver Output Terminal ~ Noninverted side (Pull-down)
60 | ONPLU DO | Lch Low-Side Driver Output Terminal ~ Noninverted side (Pull-up)
61 | OCPLL DO | Lch Low-Side Over Current Detection Terminal

62 | DLYLL Al | Lch Low-Side Driver Off-time Setting Terminal

63 | OFCL3 Al | Hold to “L” level.

64 | OFCL2 Al | Hold to “L” level.

65 | OFCL1 Al | Hold to “H” level.

66 | ITML AO | Lch External Filter Elements Connection Terminal  Inverted side
67 | ITPL AO | Lch External Filter Elements Connection Terminal  Noninverted side
68 | FBML Al | Lch Digital Amplifier Input Terminal  Inverted side

69 | FBPL Al | Lch Digital Amplifier Input Terminal  Noninverted side

70 | OPL AO | Lch Electron Volume Output Terminal ~ Noninverted side

71 | OML AQO | Lch Electron Volume Output Terminal  Inverted side

72 | IBB Al | VBB Power-voltage Detection Terminal (Supplied-voltage feedback Terminal)
73 | VDDL PWR | Lch Analog Power Terminal

74 | VREFL AO | Lch Reference Power-voltage Output Terminal

75 | VSSL PWR | Lch Analog Ground Terminal

76 | AIL Al | Lch Electron Volume Input Terminal ~ (Analog Signal Input Terminal)
77 | AOL AO | Lch DAC Output Terminal

78 | N.C. — | Non connection.

79 | DVSSI1 PWR | Digital Ground Terminal

80 | MUTEN DI | Mute Control Terminal

81 | PROTN DO | Unusual Detection Output Terminal  (Open-drain)

82 | PRSTN DI | Protect Reset Control Terminal

83 | CSN DI | MPU Interface  Chip-select Input Terminal

84 | VDI DI | MPU Interface  Serial Data Input Terminal

85 | VDO DO | MPU Interface  Serial Data Output Terminal

86 | MCLK DI | MPU Interface  Serial Clock Input Terminal

87 | LRCLK DI | DAC Interface  Serial Word Clock Input Terminal

88 | SCLK DI | DAC Interface  Serial Clock Input Terminal

89 | SDIN DI | DAC Interface  Serial Data Input Terminal

90 | MCKIO | DIO | Clock Input/Output Terminal

91 | DVDD1 | PWR | Digital Power Terminal

92 | DET DO | Startup Standby Time Setting Terminal

93 | MSSEL DI | Slave mode/Master mode Change Terminal

94 | MONO DI | Monophonic Control Terminal

95 | DVDD2 | PWR | CERALOCK Power Terminal

96 | XI DI | CERALOCK Connection Terminal

97 | XO DO | CERALOCK Connection Terminal

98 | DVSS2 PWR | CERALOCK Ground Terminal

99 | AOR AO | Rch DAC Output Terminal

100 | AIR Al | Rch Electron Volume Input Terminal ~ (Analog Signal Input Terminal)

Note: DI: Digital Input Terminal, DO: Digital Output Terminal, DIO: Digital /O Terminal, DOH : High-Side Digital Output Terminal
Al: Analog Input Terminal, AO: Analog Output Terminal, AIH: High-Side Analog Input Terminal

PWR:Low-Side Power Terminal, PWRH : High-Side Power Terminal

“CERALOCK? is the trademark of Murata Manufacturing Co., Ltd.
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HBlock Diagram
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M Description of Block Functions

® OO

©e Q

Stores the digital audio signal into DAC data register through a DAC interface.

Inputs into DAC through an over-sampling filter, and converts into an analog signal.

Performs a DC cut to DAC output data with the exterior capacitor of IC.

Performs a volume control and Differential signal conversion.

Performs a pulse width modulation

Negative feedbacks from the output of an external PowerMOSFET buffer.

Performs an Off-time delay control, and drives an external PowerMOSFET(Pch, Nch).

High current digital pulse signal is output from external PowerMOSFET (Pch, Nch)

The digital pulse signal is converted into audio signals by external LC filter and transmitted to speaker.
Stores the 7-bit volume data and control data into volume register and control register respectively through a MPU
interface.

Operation control circuit and protect circuit

Master clock generation circuit and carrier clock generation circuit

B Supply of Power

YDAI136 needs to be supplied the following two kinds of power supplies, the object for Low-Side drivers (Analog
Circuit), and the object for High-Side drivers, in addition to a power stage power supply (VBB, VSS).
Be sure to use VDD power for Low-Side driver and VBS for High-Side driver.

YDA136
VBB High—Side Driver VBB VBB

VBB
VBBPL
VBBPR

o

VbD1

VBS
VBSPL
VBSPR

. >
Low—Side Driver . ::\\}1_'—[[]

Analog Circuit
VD DVDD1

DVDD2

VDDL

VDDR

VDDPL

\VbD2 VDDPR

DVSS1 )
DVSS2 i

[

VB

Lelg Lo L_+_

1113
5
4

VSSL
VSSR VSS VSS
VSSPL
VSSPR

1

VSS
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M Description of Terminals Functions

ePower Supply Terminal

Lo-Side Power Supply Terminal (VDD Power Supply)

DVDDI
DVDD2
VDDL
VDDR
VDDPL
VDDPR

Digital Power

CERALOCK Power

Lch Analog Power

Rch Analog Power

Lch Low-Side Driver Power
Rch Low-Side Driver Power

Lo-Side Ground Terminal (VSS Ground)

DVSS1
DVSS2
VSSL
VSSR
VSSPL
VSSPR

Digital Ground

CERALOCK Ground

Lch Analog Ground

Rch Analog Ground

Lch Low-Side Driver Ground
Rch Low-Side Driver Ground

High-Side Power Supply Terminal (VBB Power Supply)

VBB
VBBPL
VBBPR

High-Side Power
Lch High-Side Driver Power
Rch High-Side Driver Power

High-Side Power Supply Terminal (VBS Power Supply)

VBS
VBSPL
VBSPR

eControl Terminal

MUTEN

PRSTN

PROTN

MONO

DET

TEST

High-Side Power
Lch High-Side Driver Power
Rch High-Side Driver Power

Hard Mute Control Terminal
L: Hard mute mode
H: Normal mode
Protect Reset Control Terminal
L: Protect reset mode
H: Normal mode
Unusual Detection Output Terminal
L: Protect mode
Hi-Z: Normal mode
Since it is an OpenDrain output, be sure to pull-up by resistance.
Monophonic Control Terminal
L: Stereo mode
H: Monophonic mode
Start up Standby Time Setting Terminal

Sets up a Start up Standby Time (TWAIT) by connecting a capacitor into this terminal.

Test Terminal
Hold to “L” level.
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oClock Terminal

XI CERALOCK Connection Terminal
Master mode: Connects a CERALOCK for 4.19MHz oscillation.
Slave mode: Fixes to “L.”
XO CERALOCK Connection Terminal
Master mode: Connects a CERALOCK for 4.19MHz oscillation.
Slave mode: Makes to “OPEN”.
MSSEL Slave mode/ Master mode Selection Terminal
L: Master mode
H: Slave mode
MCKIO 4. 19MHz Clock 1/0 Terminal
Master mode: Clock Output
Slave mode: Clock Input

eDigital Interface Terminal

MPU Interface

CSN MPU Interface Chip-select Input
MCLK MPU Interface Serial Clock Input

VDI MPU Interface Serial Data Input

VDO MPU Interface Serial Data Output

DAC Interface

LRCLK DAC Interface Serial Word Clock Input
SCLK DAC Interface Serial Clock Input
SDIN DAC Interface Serial Data Input

eAnalog I/O Terminal

DAC Output Terminal
AOL Lch  DAC Output
AOR Rch  DAC Output
Be sure to make AOR to an OPEN state or to connect to VSS in Monophonic mode.

Electron Volume Input
AIL Lch  Volume Input Signal
AIR Rch  Volume Input Signal
Be sure to make AIR to an OPEN state or to connect to GND in Monophonic mode.

Electron Volume Output

OPL Lch  Electron Volume Output Terminal Noninverted side
OML Lch  Electron Volume Output Terminal Inverted side
OPR Rch  Electron Volume Output Terminal Noninverted side
OMR Rch  Electron Volume Output Terminal Inverted side

Be sure to make both OPR and OMR to a OPEN state or to connect to VSS in Monophonic mode.




YDA136

€& YAMAHA

e Terminals for PWM modulation Circuits

FBPL Lch Digital Amplifier Input Noninverted side

FBML Lch Digital Amplifier Input Inverted side

ITPL Lch for External Filter Element Connection Noninverted side
ITML Lch for External Filter Element Connection Inverted side
DLYLL Lch  Low-Side Driver Off-time Setting

DLYHL Lch High-Side Driver Off-time Setting

FBPR Rch Digital Amplifier Input Noninverted side
FBMR Rch Digital Amplifier Input Inverted side
ITPR Rch for External Filter Element Connection Noninverted side
ITMR Rch for External Filter Element Connection Inverted side
DLYLR Rch Low-Side Driver Off-time Setting

DLYHR Rch High-Side Driver Off-time Setting

Be sure to make each terminal of Rch to an OPEN state or to connect to VSS in Monophonic mode. In addition, as
for a High-side terminal, be sure to make it to an OPEN state and to connect to VBS.

oPowerMOSFET Drive Terminal

OPPLU Lch High-Side Driver Output Noninverted side  Pull-up
OPPLD Lch High-Side Driver Output Noninverted side Pull-down
ONPLU Lch Low-Side Driver Output Noninverted side  Pull-up
ONPLD Lch Low-Side Driver Output Noninverted side Pull-down
OPMLU Lch High-Side Driver Output Inverted side Pull-up
OPMLD Lch High-Side Driver Output Reversal side Pull-down
ONMLU Lch Low-Side Driver Output Inverted side Pull-up
ONMLD Lch Low-Side Driver Output Inverted side Pull-down
OPPRU Rch High-Side Driver Output Noninverted side  Pull-up
OPPRD Rch High-Side Driver Output Noninverted side Pull-down
ONPRU Rch Low-Side Driver Output Noninverted side  Pull-up
ONPRD Rch Low-Side Driver Output Noninverted side Pull-down
OPMRU Rch High-Side Driver Output Noninverted side Pull-up
OPMRD Rch High-Side Driver Output Noninverted side Pull-down
ONMRU Rch Low-Side Driver Output Noninverted side  Pull-up
ONMRD Rch Low-Side Driver Output Noninverted side Pull-down

Low-Side Driver means the PowerMOSFET (Nch). High-Side Driver means the PowerMOSFET (Pch).

The through rate control of PowerMOSFET is performed by connecting a resistor between the pull-up side output
of a Low-Side driver and PowerMOSFET (Nch) and between the pull-down side of a High-Side driver and
PowerMOSFET (Pch).
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e Terminal for Protect Function

OCPHL Lch High-Side Over Current Detection Terminal
OCPLL Lch Low-Side Over Current Detection Terminal
OCPHR Rch High-Side Over Current Detection Terminal
OCPLR Rch Low-Side Over Current Detection Terminal
IBB VBB Supplied Voltage Detection Terminal

This terminal operates also as a supplied voltage feedback terminal.
Be sure to input a specific voltage divided by a resistor VBB and VSS.

oVREF Terminal
VREFL Lch Reference Voltage Output Terminal
Be sure to connect a stabilization capacity.
VREFR Rch Reference Voltage Output Terminal

Be sure to connect a stabilization capacity.

eTest Terminal etc.

TEST Hold to “L” level.
OFCL1 Hold to “H” level.
OFCR1 Hold to “H” level.
OFCL2 Hold to “L” level.
OFCR2 Hold to “L” level.
OFCL3 Hold to “L” level.
OFCR3 Hold to “L” level.

10
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B Terminal Condition in each Mode

eOperation Mode

YDA136 becomes an operation mode as the following table by the state in each input terminal.

Over Current .
Detecti Power Detection [ I I
ctection g a ?} a
— &l 5| &
5|2 ) s |8(3]3]8
SO IR o) I 5|18 5|5]5
31213 2. E| Slezlz2]z2]z2
= 2~z = 12l=]|E]|z2
HEIEEER R 2 g s |[&[E5]5
= = oo~ > > o = o o [} 5%
E|E|El &S| 7 % ElEl2])8]2]2
S g 5 dd —_—~ wn [72) Is) O 5] Dlanlr|n
= gl 22| A Jaa) N = = IS I G IO G
z|l&lol 72~ | 22 = " " ¢ g z |2 2|2 2
ClElzl e |88 8 |22 as]| 2 N EIEIEE
22|28l axa ]| 22 = Em| 22 S £ Zz|s|8]|5|3
sl 55| 55 > > > | > > &) 3 > =1 =1 A R
-1 -] - - - <VIB - - - Hi-zl H| L] H| L
Low Voltage <V i alclalc
DetectionMode || ~ | ~ | ~ ] ] ] VB ] ] ] 1z
- . . . . <VvD . - JHZlH|L]H]|L
Protect Reset Mode|| L | - | - - - >ViB | >VvB | >VvD - - Hi-zl H| L|H| L
High temperature
[ - - - >
Detection Mode H ! ! ! Tmaxfl L | H]LIHfL
H Mut
ardware Mute ) - 1 1 ) - | <Tmax|Hiz| Bl L] H]| L
Mode
Over Current H|H| - |>Voc - ) 1 1 - - L|IH|LJH|L
Detection Mode
H|H]| - - <Voc2 1 1 1 - - L|IJH|LJH|L
H|H <voar | Yo 1 1 | <Far [<Tmex||Hiz| H| L] H]| L
Clock Stop ° > Voc2 max || Hi-z
Detection Mode
H|lH| - 7 1 1 1 1 >Fc2 T ||Hizl H|L|H]| L
>
StereoMode [[H|H[ L] 1 1 1 1 1 Fei 1 lmizf p|{P]|P|P
< Fc2
MonauralMode || H| H| H 1 1 1 1 1 1 1 Hi-z| P| P|*1| L

Note:

1) “-“means all input conditions.

2) “H” means “H” level, and “L” means “L” level. In addition, “P”” means “Pulse oscillation condition”.

3) “*1” means indefinite state.

4) Rch over current detection terminal “OCPLR and OCPHR” can not be operated in Monophonic mode.

5) In the over current detection mode, the mode is continued even if it goes out of the over current condition.
The over current detection mode is canceled by protect reset mode.

6) All registers are initialized when VDD2 voltage (VDD-VSS) becomes below VVD in the low voltage
detection modes.

7) When YDA136 it-self heats higher than the unusual temperature (Tmax), it will become a high temperature
detection mode.

eDigital Audio Signal Input Mode / Analog Audio Signal Input Mode

YDAT136 can input both Digital Audio Signal and Analog Audio Signal.

In case of input for the digital audio signal, be sure to connect DAC output terminal (AOL, AOR) and electron volume
input terminal (AIL, AIR) through capacitor for DC cut.

In addition, in case of input for the analog audio signal; be sure to connect an analog audio signal to electron volume input
terminal (AIL,AIR) through a capacitor for DC cut.

At this time, the output of DAC can be made into High-Z by setting the DAC input format of a control register as MODES.

11



€ YAMAHA YDA136

M Functional Explanation of Operations

eDescription of Registers

The volume register and the control register are allocated to address “0”” and “1” in the register, respectively.
Each 14-bit register is mapped as follows.

Register Map
Bit
Add
S I3[ DI2[DI1|DIO] D9 [ DS | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO
Volume Register 0 clel2|2lR|zl2|3 |33 |33|313
o z|la|lz318 1| =
Control Register 1 23| 5 8 8 8 % é glE2|1gel(g8|1e|e
N SCl=|=1|=

R6...RO  :Rch Volume Register

L6...LO0  :Lch Volume Register

ZERO : Volume Zero-cross Function Selection Register
CF :Carrier Clock Frequency Selection Register
OSFN :Over Sampling Filter Function Selection Register
MOD?2...0 :DAC Input Format Selection Register

FS1...0  :Over Sampling Mode Selection Register

T5...T0  :(Reserved) Be held at “0.”

12
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e\V/olume Register

0]01]0

0

01010

01010

010

01010

1

1

010

01010

0101010

0101010

1
1

1

ofofofo

ofofofofo

1

1
1

1

L6|L5|LA|L3|L2|L1|LO

R6|R5|R4[R3[R2{RI[RO

0
0
0
0
0

0

0

0

0

0jolo
0jolo
0jolo
0jolo
0j0fo0
0j010
0j010
0j010

ojofofo

ojofofo

ojofofo

ojofofo

ojofofofo
ojofofofo

ojofofofofo

ojojofofofofo

Volume Register

vol=-57dB

-58dB
-59dB
-60dB
-61dB

_—

Vo
Vo
Vo
Vo

_

_

_—

— === == === ===

vol=Mute

0

010

01010

0]0

01010

01010

0101010

0]0

01010

1
1

0

ofofo
ofofo

ofofofo

ofofofofo

1
1
1

1
1
1

1
1
1
1

0

ofofofo
ofofofo

ofofofofo

ofofofofofo

L6|LS|LA|L3|L2|L1|LO
R6IR5[R4[R3[R2{RI[RO

1
1
1
1

1
1
1
1

1
1
1
1

1
1
1
1

Volume Register

=Mute

vol
Vo

= 6dB

1dB
-2dB
-3dB
-4dB
-5dB
-6dB
-7dB
-8dB
=-9dB

Vo
Vo

-—

-—

Vo

-—

Vo

-

Vo

-

Vo

-

Vo

-

Vo

-

Vo

14dB
15dB
16dB
17dB

vol=-

vol=-

vol=-

vol=-

— === = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

-53dB

vol=

vol=-54dB
vol=-55dB
vol=-56dB

13
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e\Volume Zero-cross Function Selection

Control Register

*
*
*
*
*
*
*
*
*
*

*
*
*

Zero-cross Function Termination
Zero-cross Function Operation

—|ef ZERO
CF
OSFN
MOD2
MOD1
MODO
FS1
FSO
T5
T4
T3
T2
T1
TO

*
*
*
*
*
*
*
*
*
*

*
*
*

After a rewrite of register, be sure to cancel mute after waiting for Tzgro.

eCarrier Clock Frequency Selection

©) zlalal|®| =~
Control Register % E’j 7 8 8 8 4 § ClE|E|E|E|E
N Cl=|=|=
Carrier Frequency = 524kHz Sl I I i T A M A Ml I Il

*
*
*
*
*
*
*
*
*
*

*
*
*

1
After rewrite of register, be sure to cancel mute after waiting for Tcg.

Carrier Frequency =466kHz

eOver Sampling Filter Function Selection

e zlQ|l=zlsl._
Control Register 2S5 8 8 8 % é A IR T IR i
N CI=|=|=
Over Sampling Filter Operation o R O Il R I e e e e e
Over Sampling Filter Termination R R Rl e s e Il I e e

After a rewrite of register, be sure to cancel mute after waiting for Togpn.

oDAC Input Format Selection

o al=|e
Control Register 25 é 8 8 8 é § AT SO (A S i
N OI=Z|=]|=
MODE3 = = =] ol 1o *x|=*=|=*1]=]=*]=]=*]=
MODE4 * x| = o 1 1] x| x| x| x| x| x]*]=*
MODES5 * * * 1 ol ol * * * * * * * ¥

After a rewrite of register, be sure to cancel mute after waiting for Tyop.

eOver Sampling Mode Selection

o al=|2
Control Register 2 S é 8 8 8 é u% A IR T IR i I
N C|I=2|=|=
4xMode * [« [« x]*ToJo[*x[*7]=*7]=*][=T7]=
2xMode I I I A T I I 0 B EEEEE
1xMode * * * * * * 1 o * * * * * ¥
Auto Mode I L T I T I 1 R

After a rewrite of register, be sure to cancel mute after waiting for Ts.
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BMPU Interface Function

By using the following three terminals “CSN, MCLK, and VDI”, data is written into Volume register and Control register.
In case of writing data in the Control register, be sure to set mute to Volume register in advance. After a write of Control
register or after the given time (Tzgro, Tcr, Tosen, Tmop, and Trs), be sure to cancel mute condition.

elnput Format

Please input the data of each 14-bit register into a VDI terminal in MSB first following address bits. The data input from
VDI terminal is taken into internal shift register at the rising edge of MCLK terminal when CSN terminal is “L.” The data
input into shift register is written into the register of the appointed address at the rising edge of CSN terminal.

All the values of registers after a power up are set to “0.”

After a power supply starting, the MPU interface works after passing over a serial access prohibition time (Tpyp).

Be sure to perform a power supply staring first, and then perform a write of the data to a register after a serial access
prohibition time (Tpyp).

CSN | [

MCLK

VDI
7

A0 fDo[13]fDo[12]fDo[11]1fDO[10]f DO[9] Do[2] | Do[1]f Do[o] k A1
VDO }r - :()

Here, Al and D1 [13:0] indicates a register to update and data. In addition, A0 and DO [13:0] indicates a data input into
VDI terminal before 16-clock.

~A_

eDaisy-chain

Multiple Daisy-chain connections for multi-channel system are available in YDA136. For example, 6¢ch system can be
realized by connecting three YDA 136 with Daisy-chain connection.

By connecting a VDO terminal of first YDA136 to VDI terminal of the second YDA136; and then, connecting a VDO
output of second YDA136 to a VDI terminal of the third YDA136, it becomes available to control those three YDA136
simultaneously without a complex addressing.

The data in which it overflowed from the internal 15-bit shift register among the data inputted into each VDI terminal of
YDAT136 is output from a VDO terminal synchronizing with falling edge of a MCLK terminal.

By setting CSN terminal to “L” during the number of YDA136 X 15-clock which daisy-chain connection was made, an
input data is taken into each shift register of YDA136.

Then, writing is simultaneously performed to a volume register (control register) from the shift register of all YDA136
connected to the daisy-chain by setting the CSN terminal of YDA 136 to “H.”

MPU o
MCLK and CSN are connected 3 chips in common.
=z X z 5 z X
8 2 8 g & g
YDA136_A YDA136_B YDA136_C
VDI VDO VDI VDO VDI VDO ==

15
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B DAC Function

YDA136 has a 24-bitx2ch of DAC.

The DAC supports the following eight kinds of sampling frequencies (Fs), and it has an over sampling filter corresponding

to each sampling frequencies.

32kHz, 44.1kHz, 48kHz, 64kHz, 88.4kHz, 96kHz, 176.4kHz, 192kHz

The output full-scale of this DAC is 1 Vrms.

oDAC Interface

Be sure to input a digital audio signal from the following three terminals, SDIN, LRCLK, and SCLK.
DAC interface of YDA136 supports the seven DAC input formats.

Be sure to set up control registers, MOD2, MOD1, and MODO, and then select a DAC input format to use.

When using the YDA136 as Digital Audio Signal mode, be sure not to stop a SCLK signal except when electronic volume

is mute, protection reset mode, or hard mute mode.

DAC Input Format

MODE1(16bit) MODE2(20bit) MODE3(24bit)

sk \_ /AL A A AT LR
SOIN — ===~ T 3 S G LR EEES
\

LRCLK / Left channel « Right channel f

))
{9

A SDIN bit is sampled by the rising edge of SCLK.

When LRCLK is “H”, be sure to input data for Left channel by right justified.
When LRCLK is “L”, be sure to input data for Right channel by right justified.
SDIN data is written into a DAC data register by the rising edge of LRCLK.
64—clock for one—word.

MODE4(16bit) MODES5(20bit) MODEG(24bit)

sou /ML AT
ST S T S ) S SR G G G G ) G

LRCLK \ Left channel ()() /

Right channel

I

A SDIN bit is sampled by the rising edge of SCLK.

When LRCLK is “L”, be sure to input data for Left channel in left justified with a vacant bit.
When LRCLK is “H”, be sure to input data for Right channel in left justified with a vacant bit.
SDIN data is written into a DAC data register by the falling edge of LRCLK.

64—clock for one—word.

MODE7

so \_F AL A LA LA A
SDlNX MSB X X—S]Z:X X LsB X___X MSB X X_SZZ:X X LsB X———

LRCLK / Left channel \ Right channel

—

))

{4

A SDIN bit is sampled by the rising edge of SCLK.

When LRCLK is “H”, be sure to input data for Left channel by right justified.
When LRCLK is “L”, be sure to input data for Right channel by right justified.
SDIN data is written into a DAC data register by the rising edge of LRCLK.
64—clock for one—word.

MODES
Analog Audio Signal Input Mode

16
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eOver Sampling Filter

Be sure to set up the Over Sampling mode according to a sampling frequency (Fs) of audio signals to input.
Over sampling filter mode can be set up by FS1 and FSO in the control register.
In addition, an over sampling filter can be bypassed by the setting of control register OSF.

When Fs is 32kHz, 44.1kHz or 48kHz :Sets up to the 4x mode.
When Fs is 64kHz, 88.2kHz, or 96kHz :Sets up to the 2x mode.
When Fs is 176.4kHz or 192kHz :Sets up to the 1x mode.

When it is set as Auto mode, the above mentioned over sampling modes are set up by detecting a sampling frequency (Fs)
of audio signal which was input.

Bl Volume Function

YDAT136 has the electronic volume which can be set up in the range from +6dB to -73dB by 1dB step.

By inputting an analog signal from AIL (AIR) terminal, and attenuating with the set up volume value, this electronic
volume outputs a differential analog signal from an OPL (OPR) terminal and OML (OMR) terminal.

Non-inverted signal from OPL (OPR) terminal and inverted signal from OML (OMR) terminal is output.

The maximum input level is 1Vrms and the maximum output level is 1 Vrms.

Be sure to set a volume value to a volume register through a MPU serial data interface.

Moreover, in order to suppress the noise at the time of volume value change, a mode (Zero-cross mode) which changes a
volume value when an output signal carries out a zero-cross, is provided as an option.

e\/olume Register

D [13:7] of a volume register shows the volume value of R channels, and D [6:0] shows the volume value of L channels.
"1111111" and from "0101110" to "0000000" becomes mute among each volume value.
At this time, a DAC output signal turns into a non-signal irrespective of an input.

e Zero-cross Mode

This is the volume change mode, which reduces the noise generated at the time of change of the volume value of electronic
volume.
When this mode is selected, the volume value is changed under the following conditions.
At the time of an audio signal carries out a Zero-cross
After the volume change is set up
After the volume value setting time (Tzgrowair)
When not selected, the volume is changed regardless of the input after the volume setting.
By ZERO of a control register, Zero-cross mode can be set.

17
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M Digital Amplifier Function

YDA136 has a 2-channel differential analog signal input digital amplifier controller.

This digital amplifier controller consists of High-Side and Low-Side PowerMOSFET drivers and a PWM circuit.

By combining the two sets of Pch/Nch PowerMOSFET in each channel, a digital amplifier (60W to 100W) can be
configured.

To each PowerMOSFET driver, it is possible to set up an off-time individually, and it can be set as the optimal driver
according to PowerMOSFET to be used.

AM intermodulation can be performed with AM reception interference reduction function.

Moreover, it can be optimized to the digital amplifier which has a lower distortion by adding a filter element to a PWM
circuit.

eGain Setup Method

The gain of digital amplifier can be set up by external resistance (RE1 to RE4).

RE1
15k Q2
RE2
3kQ
oPL FBPL min
Lch Negative Oy .
Feedback iCP
oML FBML «— [N =
[

RE2 =
3k Q2 i
RE1
15k Q

The gain of digital amplifier can be calculated with the following formula.

Av(dB) = 20- 10g( RE1-RE2 + RE2-RE3+ RE1- RE3]

RE2-(RE4+400Q)

However, be sure to set RE4 as more than 10kQ according to the capability of a built-in operational amplifier.
eCharacteristic Improvement by External Filter Element Connection
Although it is possible to realize high performance digital amplifier by the PWM circuit, by adding resistor and a capacitor

between DBPL(FBPR) and ITPL (ITPR), and between FBML (FBMR) and ITML (ITMR), it is possible to optimize a
circuit further and to improve distortion rate.

18
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oClock Input

YDA136 operates synchronizing with 4.19MHz clock.

Be sure to connect a 4.16MHz CERALOCK or to supply a clock to YDA136 from the outside.

Be sure to always supply a clock except protection reset mode and hard mute mode.

When using a CERALOCK, be sure to set MSSEL terminal to “L” and to set YDA136 to a master mode.

In case of supplying a clock from the outside, be sure to set MSSL terminal to “H” and to set YDA136 to a slave mode.

Master mode

Be sure to set MSSEL terminal to “L.”

Connects CELALOCK to XI and XO terminal.

Be sure to set the oscillation frequency to 4.19MHz.

At this time, a master clock (4.19MHz) is output from a MCKIO terminal.
Slave mode

Be sure to set MSSEL terminal to “H.”

Be sure to input a master clock (4.19MHz) into a MCKIO terminal.

At this time, be sure to set XI terminal to “L” and set XO terminal to open state.

When making a multi channel amplifier by using multiple YDA136, a system with little interference between channels can
be constituted by using one YDA136 in master mode, and using the remainder in slave mode as shown in the following
figure.

Multi channel Amplifier

CERALOCK
0
1 (@) i
| 1B, 7ot |
%)
Master Mode Slave Mode Slave Mode
YDA136 YDA136 YDA136

o AM Reception Interference Reduction Function

YDA136 outputs the pulse made by modulating the career clock, which is made by dividing the input master clock.

In order to reduce cross talk caused by the coincidence between harmonics of the output pulse and AM radio frequency,
YDA136 has the changing (frequency hopping) function of two carrier clock frequencies.

A carrier clock frequency can be chosen by the control register CF.

o Off-time Setup Function

A setup of an off-time is individually possible for YDA 136 Off time delay (Typical)
to the High-Side driver and Low-Side driver of Lch and each 200
Rch. 180
Off-time adjustment of the Low-Side driver of Lch and each 160 |
Rch is possible by the capacitor that is connected to a 140 |
DLYLL terminal and a DLYLR terminal. 120
Moreover, off-time adjustment of the High-Side driver of é 1o
Lch and each Rch is possible by the capacitor connected to a 2
DLYHL terminal and a DLYHR terminal. o8
Relation between capacitance value of the capacitor and the 60 1
relation of an off-time is shown in the figure. a0t
(Under characteristic adjustment) 20
0
OpF 50pF 100pF 150pF

Capacitor value

19
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¢|BB Terminal Setting

In the PWM circuit, the IBB terminal is used and VBB power supply voltage is i e af VEB-40V Erapie
feedbacked. Simultaneously, under voltage detection of VBB power supply voltage is VBB
performed by monitoring the voltage of the terminal.

After making 1.5V by dividing VBB voltage with resistors, an then be sure to input it
into IBB terminal.

Set for the voltage of the IBB terminal not to become 1.6V or more even if the VBB

voltage moves.

910k Q

36k Q

oPowerMOSFET Drive Function

Since it is BTL connection digital amplifier, external connection of two sets per channel of Pch and Nch PowerMOSFET is
made.

A High-Side driver output is connected to Pch PowerMOSFET, and a Low-Side driver output is connected to Nch
PowerMOSFET as shown below.

Non-inverted side Pch PowerMOSFET :Be sure to connect to OPPLU and OPPLD (OPPRU,OPPRD).
(High-Side Driver Output)
Non-inverted side Nch PowerMOSFET :Be sure to connect to ONPLU and ONPLD (ONPRU,ONPRD).
(Low-Side Driver Output)
Inverted side Pch PowerMOSFET :Be sure to connect to OPMLU and OPMLD (OPMRU,OPMRD).
(High-Side Driver Output)
Inverted side Nch PowerMOSFET :Be sure to connect to ONMLU and ONMLD (ONMRU,ONMRD)
(Low-Side Driver Output)

There are two output terminals to one PowerMOSFET, and they mean the pull-up output and the pull-down output,
respectively.

By connecting gate resistor (RG) between each driver output and PowerMOSFET, slew-rate of both pull-up and pull-down
side separately.

In the example of peripheral circuit connection, resistor (RG) of 20 Q is connected with the pull-down side output of Pch
PowerMOSFET and the pull-up side output of Nch PowerMOSFET.

VBB VBB
High—Side Driver
OPPLUW P
OPMLL ICp
opmv— T
OPPRU——¢ ILP
oPPRDIW— '
OPMRU[—— ILP
OPMRDfA—T
Low-Side Driver :VVQE[]
Analog Circuit
ONPLUMM—¢-{ [N mm
ONPLD|— . .
gy T
Qe | P
ONMRU\—¢ JIN
vy 1
ONMRD—]RG ||
YDA136 <
VSS VSS

In addition, total amount of electric charges (Qg) of gates in PowerMOSFET, which is used by connecting to YDA136,
should be 20nC or less (Vgs=5V).
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B Protect Function

oOver Current Detection Function

YDA136 has a function to perform an over current protection by detecting a voltage drop of the current detection resistor
connected to the source side of PowerMOSFET.

When the voltage of an over-current detection terminal fulfills the following conditions, it judges that it is in an over-current
condition, and becomes over-current detection mode, and then a circuit is protected.

Over-current detection
mode threshold
Low-Side over-current detection terminal (OCPLL, OCPLR) Voltage <Voc2
High-Side over-current detection terminal (OCPHL, OCPHR) Voltage and VBB Potential difference > Vo

Voltage to be monitored

In the example of peripheral circuit connection, the following four over-current conditions are detected, and then it becomes
an over-current detection mode.
A condition in which signals after LC filter and VSS power supply is shorted.
A condition in which signals after LC filter of non-inverted side and signals after LC filter of inverted side is
shorted.
A condition in which one side of a speaker was connected to LC filter, and another side of a speaker is shorted to
the VSS power supply.

In over-current detection mode, PROTN terminal is set to “L”, simultaneously it turns off all PowerMOSFET (hard mute)
and protects a circuit.

After it is made to over-current detection mode, even if an over-current condition is canceled, it is not canceled but is held
as it is.

Over-current detection mode can be canceled by intercepting a power supply or setting a PRSTN terminal to “L” at once.

ePower Detection Function

YDA136 monitors the following three kinds voltage.
When which voltage is less than regular voltage, it becomes low voltage detection mode.

Voltage to be monitored Constant Voltage Detection Mode Threshold
IBB Terminal Voltage(It is proportional to the Vig2
voltage between Vg and Vss)
Vb1 (Voltage between Vg and Vgs) Vvi2
Vb2 (Voltage between Vpp and Vgs) Vvb2

Here, since the IBB terminal has input the signal which divided VBB voltage, the IBB terminal will act as the monitor of
the VBB voltage.

Hard mute is operated in low voltage detection mode.

Among these, all registers are reset when Vpp, voltage is less than threshold voltage (Vypy).

Then, when three kinds of power supply voltage rises and a low voltage detection mode threshold is exceeded altogether,
the low voltage detection mode is canceled and a hard mute is also canceled after starting standby time (Twarr).

e Starting Standby Time Setup

Starting standby time (Twar) can be set up by connecting a capacitor to the DET terminal of YDA136.
Be sure to set up to usually be set to Twa>=600msec for internal initialization of YDA136.
The value of starting standby time (Twair) and capacity (Cpgr) of and the capacitor linked to a DET terminal serves as the
following relations.

Twar = 60(k Q) X Cper(F)
In the case of the capacity value (10 u F) of the capacitor in the example of peripheral circuit connection, Twar is set to
600msec.
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oClock Stop Detection Function

YDA136 becomes clock stop detection mode, when a career clock frequency exceeds a maximum (F¢;) of operation or it is
less than a minimum (Fc,).

Hard mute is carried out in clock stop detection mode.

If a career clock frequency enters within normal limits, clock stop detection mode will be canceled and hard mute will be
canceled.

eHigh Temperature Detection Function

YDAI136 is acting as the internal monitor of the temperature of YDA136 self, and when it becomes an unusual temperature
exceeding Tjmax, it serves as high temperature detection mode.

In high temperature detection mode, a PROTN terminal is set to "L" at the same time it carries out hard mute.

Then, a PROTN terminal is set to "H" at the same time it cancels high temperature detection mode and cancels hard mute,
when temperature falls and it becomes a normal range.

e Self-recovery function
By connecting a PROTN terminal and a PRSTN terminal, when a PROTN terminal is set to "L" by over-current detection

and high temperature detection, it can be set as fixed time protection reset mode, and hard mute release (automatic return)
can be carried out after starting standby time (Twarr).
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H Control Function

eHard Mute Function

YDA136 serves as hard mute mode, when a MUTEN terminal is "L."

In hard mute mode, they are all PowerMOSFETs. It turns off (hard mute).
Hard mute will be canceled if a MUTEN terminal is set to "H."
Rewriting of all registers is possible for during a hard mute mode period.

eoProtect Reset Function

YDA136 serves as protection reset mode, when a PRSTN terminal is "L."

A PROTN terminal is set to "H" in protection reset mode.

Hard mute is carried out simultaneously, the circuit which operates inside IC is minimized, and consumption current is
reduced.

After canceling protection reset mode, using a PRSTN terminal as "H", after starting standby time (Twajr), hard mute is
canceled and a start of operation is carried out.

Rewriting of all registers is possible for during a hard mute mode period.

Moreover, a register is by protection reset mode. is not carried out.

eMonophonic Function

YDA136 serves as monophonic mode, when a MONO terminal is “H.”

In monophonic mode, only Lch outputs an audio signal, and all the circuits related to Rch is stopped.

Moreover, it becomes stereo mode when a MONO terminal is “L.”

In monophonic mode, the over-current detection function by the OCPLR terminal and the PCPHR terminal does not
operate.

Please perform the change in monophonic mode and stereo mode at the time of interception of a power supply.

The change in the monophonic mode by the MONO terminal at the time of power supply impression and stereo mode is
forbidden.

M Typical Voltage

Since a VREFL terminal and a VREFR terminal output 1/2*Vpp, voltage respectively, be sure to connect and stabilize a
capacitor.

M Initialization / Power-down

e System Initialization

All registers are initialized when Vpp, voltage (VDD-VSS) becomes less than Vyp in low voltage detection modes.
The initial value of each register is “0.”

ePower-down

At the time of power interception, be sure to intercept a power after set it as a hard mute mode.
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B Example of System Composition

eExample of peripheral circuit connection
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M Electrical Characteristics

e Absolute Maximum Rating

Item Symbol Min Max Unit
VBB Power Supply Voltage Vip —0.3 50 \
VBS Power Supply Voltage Vs Veg—7.0 Vgg10.3 \%
VDD Power Supply Voltage Vop —0.3 7.0 \Y
High-Side Input Terminal Voltage Range*1) Vini Vis—0.3 Vg 10.3 \
Low-Side Input Terminal Voltage Range Vi —0.3 Vpp10.3 \
Welding Temperature Tjmax 125 °C
Storage Temperature Range Tstg -50 125 °C
*1)  The voltage range to DLYHL, DLYHR, OCPHL, and OCPHR are indicated.
eRecommended Operation Condition
Item Symbol Min Typ Max Unit
VBB Power Supply Voltage Vi 20 50 \Y
VBS Power Supply Voltage Vgg Veg—4.75 Vgg—5.0 Veg—5.25 \
VDD Power Supply Voltage Vop 4.75 5.0 5.25 \Y
Speaker Impedance Ry 4 6 Q
Operation Ambient Temperature Ta —40 25 85 °C
eDC Characteristics (Adjust Condition:Vpp=5.0V, Vgg=40V, Ta=—40 to 85°C)
Item Symbol Min Typ Max Unit
High-Side Driver H Level Output Voltage (Ioy=—100mA) Vourp Veg—0.4 \
High-Side Driver L Level Output Voltage (Io;=+ 100mA) Vorrp Vps+0.4 \Y
Low-Side Driver H Level Output Voltage (Iog=—100mA) Vounn Vpp—0.4 \%
Low-Side Driver L Level Output Voltage (Io;=+ 100mA) Vornp 0.4 \
XO Terminal H Level Output Voltage (Io;=—80uA) Vouxo Vpp—0.4 \Y%
XO Terminal L Level Output Voltage (Io;="+1.6mA) VoLxo 0.4 \
MCKIO Terminal H Level Output Voltage (Ioy=—80uA) Voumc Vpp—0.4 \
MCKIO Terminal L Level Output Voltage (Io;=+ 1.6mA) Vorme 0.4 \
PROTN Terminal L Level Output Voltage (Io;=+1.6mA) VoLpr 0.4 \Y%
Digital Terminal H Level Input Voltage Vi 2.2 \Y
Digital Terminal L Level Input Voltage Vi 0.8 \Y
MCKIO, MSSEL Terminal H Level Input Voltage Vinmc 0.7 XVpp \
MCKIO, MSSELTerminal H Level Input Voltage Viime 0.3 XVpp \
IBB Terminal Power Detection Threshold Voltage (Start) Visi 0.75 \Y
High-Side Driver power Vyai 4.0 v
Power Detection Threshold Voltage (Start)
High-Side Driver power Vve2 3.8 \%
Power Detection Threshold Voltage (CO)
Low-Side Driver power Vvpi 4.0 \
Power Detection Threshold Voltage (Start)
Low-Side Driver power Vvpa 3.8 \%
Power Detection Threshold Voltage (CO)
High-Side Over-current Detection Thrshol Voltage Voci 1.25 \
Low-Side Over-current Detection Thrshol Voltage Voci 1.25 \Y
Low-Side Over-current Detection Thrshol Voltage Vo2 0.6 \%
VREFL, VREFR Terminal Output Voltage VREF 2.5 \
Stereo Mode VBB Power Consumption ( No-Signal) Igs 3 mA
Stereo Mode High-Side Power Consumption (No-Signal) Ip; 35 mA
Stereo Mode Low-Side Power Consumption (No-Signal) Ins 50 mA
Mute Mode VBB Power Consumption IgpMm 3 mA
Mute Mode High-Side Power Consumption Ipim 6 mA
Mute Mode Low-Side Power Consumption Ipom 28 mA
Protection Reset Mode VBB Power Consumption Ippp 3 mA
Protection Reset Mode High-Side Power Consumption Ipip 6 mA
Protection Reset Low-Side Power Consumption Ipop 10 mA
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e AC Characteristic (Adjust Condition:Vpp=5.0V, Vppy=5.0V, V=40V, Ta=—40 to 85°C)

Item Symbol Min Typ Max Unit
SCLK Frequency 1/Tscrk *1) MHz
SCLK ngh Time Tq(‘] KH 40 ns
SCLK Low Time TSCLKL 40 ns
SDIN Input Setup Time Tspins 20 ns
SDIN Input Hold Time Tspinu 20 ns
LRCK Setup Time Tircks 30 ns
LRCK Hold Time T] RCKH 30 ns
MCLK Frequency Fumcerx 6.25 MHz
MCLK High Time Tyerkn 80 ns
MCLK Low Time TM([ K1 80 ns
VDI Input Setup Time Tvpis 20 ns
VDI Input Hold Time Tvpm 20 ns
CSN  Setup Time Tesns 30 ns
CSN Hold Time Tesng 30 ns
VDO Output Delay ( to MCLK Edge) (C;=20pF) TypomcLK 60 ns

*1) 1/TscLx=64Fs(Fs=32 to 192kHz)
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eAudio Characteristic
(Measurement Condition: Vpp=>5.0V, Vppu=5.0V, V=40V, Ta=25C, Fs=48kHz, Volume=0dB,
100W Specifications (Gain=22.6dB+6dB), filter is as example of peripheral circuit connection, Speaker
Impedance =6Q)

Item Symbol Min Typ Max Unit
Distortion (Input=1kHz, Output=50W, at Digital Input) THD+N 0.05 dB
Distortion (Input=1kHz, Output=50W, at Analog Input) THD+N 0.03 dB
Residual Noise (Gain=22.6+6dB) Vn 100 uv
Signal-Noise Ratio (A-filter, Gain=22.6+6dB) SNR 100 dB
Channel Separation (Input=1kHz, Output=50W) CS 80 dB

Note) All the values of audio characteristics were obtained by using our evaluation circumstance.
The characteristics may vary according to the Power MOSFET, coils, capacitors and pattern layout that are used
in the system.

o Timing Rules and Regulations

Item Symbol Min Typ Max Unit
Operation Standby Time (Cpgr=10uF) Twarr 0.6 s
Standby Time after a write of ZERO register Tzero 10 ms
Standby Time after a write of CF register Tcr 10 ms
Standby Time after a write of OSFN register Tosen 10 ms
Standby Time after a write of MOD register Twmobp 10 ms
Standby Time after a write of FS register Trs 10 ms
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M Typical characteristics examples

Power vs THD+N (RL=6Q) Power vs THD+N (RL=6Q)
Analog Input Regulated power supply Analog Input non-Regulated power supply
10
T T
1 ‘_Lch
= . %‘ _____ Reh |
s = ~— | f
T o1 T oorf e
= a <
I ~ T A
= 7 [l TN
0.01 = 001 | L |
0.001 0.001
0.0001  0.001 0.01 0.1 1 10 100 1000 0.0001  0.001 0.01 0.1 1 10 100 1000
Output Power(W) Output Power(W)
RL=6Q VBB=40V VBS=35V VDD=5V RL=6Q VBB=40V VBS=35V VDD=5V
Freq = 1kHz Filter : <20kHz Freq = 1kHz Filter : <20kHz
PowerMOSFET : 2SJ545, 25K2933(RENESAS) PowerMOSFET : 25J545, 25K2933(RENESAS)
Power vs THD+N (RL=6Q)
Digital Input Regulated power supply
0 [T
L]
I 1
= \n,‘ ‘ Lch ‘
= ™~ - Rch |
=z o
x “\«...\v\\
T AL
= 01 | N A i
0.01
0.0001  0.001 0.01 0.1 1 10 100 1000
Output Power(W)
RL=6Q VBB=40V VBS=35V VDD=5V
Freq = 1kHz(Fs = 48kHz 16bit X 4) Filter : <20kHz
PowerMOSFET : 2SJ545, 2SK2933(RENESAS)
Frequency Characteristic(RL=6 Q) Frequency Characteristics(RL=6 Q)
Analog Input Digital Input
0.0 /’—\\ 00 | |
’; I —~
& ——Loh ‘ \ &
= ——Loh]|
~-10 —l-----Rch S
] 1.0 ‘e - Roh ‘
-20 : -20
10 100 1000 10000 100000 10 100 1000 10000 100000
Frequency(Hz) Frequency(Hz)
VBB =40V VBS=35V VDD=5V Half Power VBB=40V VBS=35V VDD=5V Half Power
Lo=15uH Co=03%uF RL=6Q Lo=15uH Co=039uF RL=6Q
PowerMOSFET : 2S5J545, 2SK2933(RENESAS) PowerMOSFET : 2SJ545, 2SK2933(RENESAS)
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PSRR(dB)

PSRR (VBB Power supply)
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Signal frequency added to power supply (Hz)
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Analog Input  Freq = 1kHz
PowerMOSFET : 2SJ545, 2SK2933(RENESAS)
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Efficiency vs Power
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Signal Frequency vs Channel Separation
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Efficiency vs Power
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Output Power(W)
VBB =40V VBS=35V VDD=5V
Freq = 1kHz(Fs = 48kHz 16bit X 4)
PowerMOSFET : 25J545, 2SK2933(RENESAS)
Output Noise Spectrum Analog Input Mode
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VBB =40V VBS =35V VDD =5V
Freq = 1kHz(Fs = 48kHz 16bit X 4)
PowerMOSFET : 25J532, 2SK2934(RENESAS)

(dBV)

Output Noise Spectrum Digital Input Mode
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RL=6Q VBB=40V VBS=35V VDD=5V
MOSFET : 2SJ545, 2SK2933(RENESAS)
PowerMOSFET : 25J545, 2SK2933(RENESAS)

RL=6Q VBB=40V VBS=35V VDD=5V
MOSFET : 25J545, 25SK2933(RENESAS)
PowerMOSFET : 25J545, 2SK2933(RENESAS)
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B Package Outline
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16.00x0. 40
gt -
14.00£0. 30
el -
15 b1
,ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂhﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ‘ A
76 = 50 A
— —
— —
— —
— —
— —
= = 3 =
— — c| o
e | | = ¥
— = g =
— = ¥ o
— —
— —
— —
— —
— —
g 100 O —26 y
U = ) ‘
e R RRTAE AR KRR Rl v
tg 1 25
TR = - -
i oo g,
= x S
e = 9
= = %
o
‘ |
1 I RISRIEEI RTINS 0-10°
#FEE : 0.125TYP or 0.15TYP 0800, 29
(LEAD THICKNESS)
E— )L Ra—F—RKIZ. COHEmEETFELS The shape of the molded corner may slightly differ from the
214THHYET, shape in this diagram.
Ay aARDTEBEIISEBETT, The figure in the parentheses ( ) should be used as a reference.
E—J)L KA TEITN) ZEAEH A, Plastic body dimensions do not include resin burr.
B mm UNIT: mm

) REERLELS|E, REEMH. RUFAFFIZCOVTOFINGEENBLETT,
FHLLEFVYINREEETEBLEHLE I,

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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Notice

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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The specifications of this product are subject to improvement changes without prior notice.
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Address inquiries to:
Semiconductor Sales & Marketing Department

AGENT

M Head Office 203, Matsunokijima, Iwata,
Shizuoka, 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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