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The SRS technology rights incorporated in the ML2601 are owned by SRS Labs, a U.S. Corporation and
licensed to OKI Electric Industry, hereafter “OKI”.

When application of purchaser is mobile phone

When a purchaser of ML2601 wants to display SRS Labs trademark or company name of SRS Labs, the
purchaser must sign a license agreement with SRS Labs. If a purchaser does not display SRS Labs trademark,
company name, and technology name, the purchaser does not need to do. Neither the purchase of the
ML2601, nor the corresponding sale of audio enhancement equipment conveys the right to sell
commercialized recordings made with any SRS technology.

When application of purchaser is not mobile phone

A purchaser of ML2601 must sign a license for use of the chip and display of the SRS Labs trademarks.
Any products incorporating the ML2601 must be sent to SRS Labs for trademark usage approval. SRS and
SRS Headphone is protected under US and foreign patents issued and/or pending. SRS, SRS Headphone and
(@) symbol are trademarks of SRS Labs, Inc. in the United States and selected foreign countries. Neither
the purchase of the ML2601, nor the corresponding sale of audio enhancement equipment conveys the right
to sell commercialized recordings made with any SRS technology. SRS Labs requires all product makers to
comply with all rules and regulations as outlined in the SRS Trademark Usage Manual separately provided.
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General Description

The ML2601 is a high quality 3D surround enhancement LSI for audio applications, based on SRS Labs
WOW XT™ technology. The LSI supports two modes, SRS3D Headphone and SRS3D Extreme, with
emphasis on low power through a complete hardwired solution. The ML2601 also incorporates an 8Q stereo
speaker amplifier. Typical applications are mobile phones and portable audio players.

Features

1) 3D surround powered by SRS Lab
- SRS3D headphone: high quality 3D surround for headphone
- SRS3D (Extreme mode): high quality 3D surround for speakers in mobile phone

2) 8Q stereo speaker amplifiers
- BTL 650mW drive

3) CPUIF
12C slave mode
- 7bit addressing, address 1bit is changeable by pin
- Support Standard / Fast mode

4) Serial Audio Interface (SAI)
- Sampling frequency 16k ,22.05k, 24k, 32k, 44.1k, 48k Hz
- Channel data length: 16bit
- Support only slave mode
- LRCLK positive/negative selectable
- Support MSB first 1bit delay mode and Left Justified mode
- Serial Clock: 32clock-128clock

5) PCM Interface
- Support 4slot (input 2slot, output 2slot)

6) Clock
- 13MHz and 26 MHz

7) Package
Package size: 3.19mmx2.56mm
0.5mm pitch 30pin W-CSP

Version: 2.00.00
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Block Diagram

input left side of audio

input right side of audio

SPLVDD
SAIVDD SPLGND
SAI_SDI
SAL SDO o D
SAI_LRCLK PCM interface LOUT+
SAI BCLK
IRQ w LIN H
CLKPD
3D surround VREF
I
T
12C_A0 ‘ RIN |
12C_SDA 12C UF
12C_SCL
ROUT+
AVDD S’l ROUT- D
DVDD
GND
SYSCLK Clock and Reset SPRVDD
RESETN control SPRGND
2.25~2.75V [0 Power of the block is dedicated to DVDD and GND.
SAIVDD* [ Power of the block is dedicated to SAIVDD and GND.
AVDD~4.5V [J Power of the block is dedicated to SPLVDD or SPRVDD and SPLGND or SPRGND.
2.7~3.6V [J Power of the block is dedicated to AVDD and GND.
1.65~3.6V B Power of the blocks is dedicated to IOVDD
Fig.1 Block Diagram
SAI : Serial Audio Interface
12C : CPU Interface
10 : Input and Output buffer

BIAS  : Reference voltage for analog block

*. 1.65-3.6V: in SAI mode
1.71-1.89V, 2.65-2.85V: in PCM mode

Version: 2.00.00



CONFIDENTIAL ML2601 DATASHEET
Application Example

— DVDD

IOVDD

AVDD

SAIVDD

GND

PCM_CLK/SAILBCLK
PCM_SYNC/SALLRCLK
PCM_DATA1/SALSDI
PCM_DATA2/SALSDO
CLOCK

CLKPD

RESETN

IRQ
VREF

Fig.2 Application example

Version: 2.00.00
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Pin Layout
Bottom View
5 DVDD 12C_A0 12C_SCL RESETN GND SAI SDO
4 AVDD CLOCK 12C_SDA 10VDD SAI BCLK SAIVDD
3 LIN CLKPD IRQ TESTI SAI LRCLK RIN
2 SPLVDD TESTI VREF TESTI SAI SDI SPRVDD
1 SPLGND SPOUTL+ SPOUTL- SPOUTR- SPOUTR+ SPRGND
F E D C B A

Fig.3 Pin Layout

Top View

Pin Al

Version: 2.00.00
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Pin Description

Name 10 Power Description
Al SPRGND P GND
A2 SPRVDD P Power for SP Amp Rch
A3 RIN I Audio input Rch
A4 SAIVDD Power for PCM Interface
A5 SAI SDO (0] SAIVDD | Serial data output
(PCM DATA2) (PCMDat-B for PCM in PCM mode)
Bl SPOUTR+ 0] SPRVDD | R-ch BTL Speaker Amp output.
B2 SAI SDI 10 SAIVDD | Serial data input
(PCM DATAI) (PCMDat-A for PCM in PCM mode)
B3 SAI LRCLK I SAIVDD | LR clock input
(PCM_SYNC) I (FrameSYNC for PCM in PCM mode)
B4 SAI BCLK I SAIVDD | Clock input
(PCM_CLK) I (PCM CLOCK for PCM in PCM mode)
B5 GND P - GND (for AVDD, SAIVDD, DVDD,IOVDD)
C1 SPOUTR- o SPRVDD | R-ch BTL Speaker Amp output.
C2 TESTI 10 For test(Please connect to GND level)
C3 TESTI 10 For test(Please connect to GND level)
C4 IO0VDD P Power Supply for 1O pin;
(I12C, IRQ, CLKPD, RESETN)
C5 RESETN 1 I0VDD LSI reset input
Dl SPOUTL- 0 SPRVDD | L-ch BTL Speaker Amp output.
D2 VREF (0] AVDD Reference voltage output for VBG.
Need to connect 1uF capacitor to GND.
D3 IRQ (0] I0VDD Interrupt output
Outputs “H” level, When occurred interrupt.
When set ISS bit of the INTERRUPT ENABLE register
to “0”, the polarity of the interrupt is inverted.
D4 12C SDA 10 I0VDD 12C bus data input/output
D5 12C SCL 10 I0VDD 12C bus clock input
El SPOUTL+ 0] SPLVDD | L-ch BTL Speaker Amp output.
E2 TESTI 10 - For test(Please connect to GND level)
E3 CLKPD I 1I0VDD Clock buffer disable control
E4 CLOCK I AVDD System clock
E5 12C A0 1 I0VDD Set 12C slave address
F1 SPLGND P GND
F2 SPLVDD P Power for SP AMP Lch
F3 LIN I AVDD Audio input Lch
F4 AVDD P Analog Power
F5 DVDD P Core digital Power

Version: 2.00.00
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Absolute Maximum Ratings

Symbol Condition Rating Unit
Core Supply Voltage DVDD — -0.3~3.6 \
PCM I/F Supply Voltage | SAIVDD — -0.3~4.5 \Y
10 Supply Voltage I0VDD — -0.3~4.5 \Y%
SPAMP (Lch) Supply SPLVDD — -0.3~5.5 \
Voltage *5
SPAMP (Rch) Supply SPRVDD — -0.3~5.5 \
Voltage *5
Analog Supply Voltage AVDD — -0.3~4.5 \4
*1 -0.3~AVDD+0.3 \Y%
Vin *2 -0.3~I0VDD+0.3 \Y%
Input Voltage
*3 -0.3~SAIVDD+0.3 \%
Output Current lo *4 -8 ~ +8 mA
Storage Temperature Tstg — -55~+125 C
Refer to section of
Power Dissipation Pd — “Power Derating A\
Curves”

*1 SYSCLK,LIN,RIN
*2 12C SCL, 12C SDA,J12C_AO0,RESETN,CLKPD,IRQ.
*3 SAI BCLK, SAI LRCLK, SAI SDI, SAI SDO.
*4  Applies to all output and in/output pins except for SPOUTL+/- and SPOUTR+/-.
(I2C_SCL, I12C_SDA, 12C_A0, IRQ, SAI_BCLK, SAI_LRCLK, SAI_SDI, SAI_SDO)
*5 Lch and Rch supply voltage must be the same level
Note) Do not short the output pin to another output pin, power supply or GND.
(Output pin includes an I/O pin which is in output mode)

Version: 2.00.00
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Recommended Operating Condition

Parameter Symbol Condition Rating Unit
DVDD <=AVDD
Core Supply Voltage DVDD GND=SPLGND=SPRGND=0 2.25~2.75 A\
GND=SPLGND=SPRGND=0 1.71~1.89 v
PCM UF Supply Voltage | SAIVDD PCM mode 2.65~2.85
GND=SPLGND=SPRGND=0
1.65~3.6 \Y%
12S mode
10 Supply Voltage IOVDD | GND=SPLGND=SPRGND=0 1.65~3.6 \%
SPAMP (Lch) Supply SPLVDD=SPRVDD, N
Voltage* SPLVDD | GND=SPLGND=SPRGND=0 | AVDPD™4.3 v
SPAMP (Rch) Supply SPLVDD=SPRVDD, A%
Voltage* SPRVDD | GND=SPLGND=SPRGND=0 | AVDD™435
Analog Supply Voltage AVDD GND=SPLGND=SPRGND=0 2.7~3.6
Operating Temperature Ta o -20~+85 o

(Tjmax=125)

* Lch and Rch supply voltage must be the same level.

Version: 2.00.00
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Electrical Characteristics
DC Characteristics

Ta=-20~85C

(DVDD=2.25 to 2.75, SAIVDD=1.65 to 3.6, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6, SPLVDD=SPRVDD=AVDD to 4.5)

Parameter Symbol Condition Min. Typ. * Max. Unit ;R)ie;ated
“H” Input Voltage 1 VIHI GND=0V I0VDDx0.8 — I0VDD )\ *1
“L” Input Voltage 1 VILI GND=0V 0 — 10VDDx0.2 Vv *2
“H” Input Voltage 2 VIH2 GND=0V AVDDx0.8 — AVDD \ x4
“L” Input Voltage 2 VIL2 GND=0V 0 — AVDDXx0.2 \
“H” Input Voltage 4 VIH4 GND=0V I0VDDx0.8 — 3.6 vV *6
“L” Input Voltage 4 VIL4 GND=0V 0 — 10VDDx0.2 \
SAIVDD=1.7
“H” Input Voltage 5 VIHS 1~1.89V SAIVDDx0.72 — SAIVDD v
GND=0V %7
SAIVDD=1.7
“L” Input Voltage 5 VILS 1~1.89V — — SAIVDDx0.25 v
GND=0V
“H” Input Voltage 3 VIH3 GND=0V SAIVDDx(.8 — SAIVDD \Y *g
“L” Input Voltage 3 VIL3 GND=0V 0 — SAIVDDx0.2 \Y
Schmit trigger Vhi GND=0V I0VDDx0.1 — — \ *2
hysteresis 1
Clock input Vckin 0.4 — — Vpp *3
“H” Output Voltage 1 VOH1 IOH=-1mA I0VDDx0.8 — — \Y x5
“L” Output Voltage 1 VOLI I0OL=1mA — — 10VDDx0.2 \Y
“L” Output Voltage 2 VOL2 I0L=20mA — — 10VDDx0.25 \Y *6
“L” Output Voltage 3 | VOL3 | IOL=4mA 0 SAIO\%D Xy *7
“H” Output Voltage 3 VOH3 IOH=-4mA SAIVDD x 0.8 SAIVDD \Y *7
“L” Output Voltage 4 VOL4 | IOL =100uA 0 0.20 \Y *7
“H” Output Voltage 4 VOH4 | IOH =-100uA | SAIVDD -0.2 SAIVDD \Y% *7
Vi<VIL5
Output leakage current 10Z Vo =HiZ -1 1 uA *7
“H” Input leakage current [TH1 VI=VDD — — 10 uA
“L” Input leakage current IL1 VI=GND -10 — — uA
Operating Current IDDO *9 — 15 40 mA
Ta<=+40°C — 1 10 uA
Standby Current IDDS Ta<mt85°C . o 100 UA

*1 CLKPD, I2C_A0

*2 RESETN

*3  SYSCLK(CLKRFOFF="0")
*4 SYSCLK(CLKRFOFF="1")

*5 IRQ

*6 12C_SCL, 12C SDA
*7 PCM mode : PCM_CLK, PCM_SYNC, PCM_DATAI1, PCM_DATA2
*8 SAlImode : SAI BCLK, SAI LRCLK, SAI SDI, SAI SDO
*9 No load at Speaker output
* The “Typ.” values are reference value, It is not be guaranteed.

Version: 2.00.00
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AC Characteristics
Clock

Ta=-20 to 85°C
(DVDD=2.25 to 2.75, SAIVDD=1.65 to 3.6, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6, SPLVDD=SPRVDD=AVDD to 4.5)

Parameter Symbol Min Typ. Max. Unit
12.35 13 13.65 MHz
CLOCK Frequency fC
24.7 26 27.3 MHz
CLOCK Period tC 1/fC 1/fC ns
CLOCK H Length tCH 04XtC — ns
CLOCK L Length tCL 0.4 XtC — ns

i i
: i !
[} . ]
]
1 .
. tCH [} I
Fig.4 Clock timing
Reset
Ta=-20 to 85C
(DVDD=2.25 to 2.75, SAIVDD=1.65 to 3.6, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6, SPLVDD=SPRVDD=AVDD to 4.5)
Parameter Symbol Min Max. Unit Note
RESET Pulse Width tW_RST — us
Stabilizing Clock time tCLOCK 0 500 ms | Depend on external coupling C value
CLOCK Periods tC - 80.97 ns
7N
VDD pins *1 }
|
|
RESETN pin }
L
tW_RST

VDD pins *1: Please reset LSI, after power supply all VDD pins

Version: 2.00.00
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CLOCK pin

CLKPD pin

RESET*2

-
Wﬂ
Y

Starting
oscillation

Stable clock pin

>
NANANANNNNNN

[VAVAVEVAVEVAVAVAVAV.

tCLOCK

RESET*2: RESETN pin or SOFTWARE RESET register

Fig.5 Reset timing

RESETN pin : tW_RST
or
SOFTWARE RESET register

Version: 2.00.00
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12C Interface
Ta=-20 to 85C
(DVDD=2.25 to 2.75, SAIVDD=1.65 to 3.6, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6, SPLVDD=SPRVDD=AVDD to 4.5)
Standard mod Fast mod
Parameter Symbol .an arc mode - ast moce Unit
Min Max. Min Max.
12C_SCL Frequency fscL - 100 — 400 KHz
12C_SCL "L" Length frow 4.7 - 1.3 - us
12C_SCL "H" Length fricn 4.0 - 0.6 - us
Hold time under Repeat [Start] Condition thp:sTA 4.0 - 0.6 - us
Setup Time under Repeat[Start] 4.7 - -
.. tsu:sTA 0.6 us
Condition
Data Hold Time tHD-DAT 0 - 0 - us
Data Setup Time tSUDAT 250 — 100 — ns
tHp:sTA
o &
e N TN TN
tLow tsupaT
-« |

) _ RN
I2C_SCL | _ NP

o e
tHp:sTA

<+“— b <

tHp:DAT tHiGH tsu:sta

Fig.6 12C Timing

Version: 2.00.00
13



OKI

PCM Interface

CONFIDENTIAL ML2601 DATASHEET

The timing characteristics are illustrated in the following diagram (fig.7). The fastest PCM clock is 6.1MHz
with a 50% duty cycle.

Receive data

- te >
PCM_CLK
(Master output)
o tps
- B tph
> -
PCM_SYNC
(Master output)
% <t
PCM_DATA
(Master output) MSB LSB
Transmit data
PCM_CLK
(Master output)
PCM_DATA
(ML2601 output) MSB >< LSB
Fig.7 PCM timing
Ta=-20 to 85C
(DVDD=2.25 to 2.75, SAIVDD=1.71 to 1.89, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6, SPLVDD=SPRVDD=AVDD to 4.5)
Slave Parameters Symbol | Min Max Unit
PCM_CLK period time
(fmax of PCMCLK = 6.1 MHz) t 163 --- ns
PCM_SYNC input setup time to falling edge of PCMCLK to 108.5 - ns
PCM_SYNC input hold time to falling edge of PCMCLK ton 38 —
PCM_DATA output valid after rising edge of PCMCLK
(Load condition:Cload=50pF) tapd 0 35 ns
PCM_DATA input setup time to falling edge of PCMCLK tas 65 - ns
PCM_DATA input hold time to falling edge of PCMCLK tan 81.5 - ns

Version: 2.00.00
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Ta=-20 to 85°C
(DVDD=2.25 to 2.75, SAIVDD=1.65 to 3.6, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6, SPLVDD=SPRVDD=AVDD to 4.5)

Parameter Symbol Min Max. Unit
BCLK period tC_BCLK - 128fs Hz
LRCLK Hold tH LRCLK 20 - ns
LRCLK Setup tSU_ LRCLK 20 - ns

BCLK to DOut delay tD_SDO - 70 ns

SDI Setup tSU_SDI 20 - ns

SDI Hold tH_SDI 20 - ns

! ! !

—\| .

SAI LRCLK | X |
{H LRCLK P ————— P tC_BCLK

i tSU_LRCLK 4—»‘

i i ; i
SAI BCLK _/_\\_/_\_/_\_/_

i i i !
SAL SDO X

X X X

t | t
SAI_LRCLK i X i
|

Ht—P
tH_LRCLK | (SU_ LRCLK ,4%
|
SAI BCLK _ f
[} .
. : [}
tSU_SDI u—*%

sasor X X X X

SAI Receive

Fig.8 SAI timing

Version: 2.00.00
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Power Supply Sequence

Please Power on the LSI in the following sequence.
SPLVDD,SPRVDD — AVDD — IOVDD — SAIVDD — DVDD

Please Power Off the LSI in the following sequence.
DVDD — SAIVDD— I0VDD — AVDD— SPLVDD,SPRVDD

ML2601 power supply (AVDD, IOVDD, SAIVDD and DVDD) is only allowed under the following two
conditions:

1) All four power supplies are in the turned on state..
2) All four power supplies are in the turned off state.

Ta=-20 to 85°C
(DVDD=2.25 to 2.75, SAIVDD=1.65 to 3.6, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6, SPLVDD=SPRVDD=AVDD to 4.5)

Parameter Symbol | Condition Min Typ Max Unit Note
Power On delay time 1 tvpp_oNI 0 — ms
Power On delay time 2 tvpp oN2 0 — 100 ms
Power Off delay time 1 typD OFFI 0 — — ms
Power Off delay time 2 tVDDiOFFZ 0 — 100 ms
% —— X
SPVDDL
SPVDDR t
L Tvbp_on1 VDD_OFF1
% L A\
AVDD
IOVDD
SAIVDD
tvop_onz tvbp_oFF2)
P N
DVvDD \

2 each supply voltage is the minimum value

Fig.9 Power supply sequence

Version: 2.00.00
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Analog Characteristics

Speaker amplifier characteristics
(Ta=25°C)
(DVDD=2.25 to 2.75, SAIVDD=1.65 to 3.6, IOVDD=1.65 to 3.6,
AVDD=2.7 to 3.6,
SPLVDD=SPRVDD=3.6)

Parameter Symbol Condition Min Typ Max Unit
SPOUTR+,SPOUTR- SPOUTLH,
Load Impedance Rload SPOUTL- 8 — — Q
Playable Maximum Fmax No load 20 — — kHz
Frequency
Input Resistance Rin RIN, LIN — 35 — kQ

Version: 2.00.00
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Power Derating Curves

2
1.8
16 =y
~ *- . N N
1.4 N \‘\\\
. ~. - A \\\ <
E 1.2 ‘\‘\\\:‘1\\
Ej 1 > < — TUS
B ~ ~ - ~\,,\
& 0.8 2 IS
0.6 eI
04 RN
0.2
0
0 30 60 90 120 150
Ta [deg]
Board Metal Density
— = 50% —-=--100% -+ 150% ——--200% 250%
eBoard Structure
Ist (18um Cu plate)
L 2nd (35um Cu plate)
=\ 3rd (35um Cu plate)
™ 4th (35um Cu plate)
\i 5th (35um Cu plate)
6th (18um Cu plate)
Simulation Condition
Board Metal Density Ist 2nd 3rd 4th | 5th | 6th
50% 50% - - - - -
75% 75% - - - - -
100% 50% 50% - - - -
150% 50% 100% - - - -
200% 50% 100% 50% - - -
250% 50% 100% 100% - - -

Version: 2.00.00
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Functional Description

Clock

Following Figure shows the functional block diagram of the clock input.

CLKPD pin ]
40\073 Intenal Clock

SYSCLK pin [ ¢

CLKSEL
register
CLKRFOFF
register

Fig.10 Clock Diagram
-Input clock frequency
The ML2601 supports two input clock frequencies: 13MHz and 26MHz.
Since the working frequency inside LSI is 13MHz, enabling of the clock divide circuit is dependant on the
input clock frequency.
Setting the DIVSEL bit in the Clock Select Register will divide the input clock.

- Input clock amplitude

Input clock amplitude is permitted from 0.4Vpp to Full Swing. Conditions are as follows:

— If the High level and Low level of the clock amplitude is VIH and VIL there is no need to connect a
coupling capacitor to the clock input pin.

— If'the clock amplitude is below the specified range the ML2601 needs its clock input via a coupling
capacitor.

— If the amplitude of the clock is small the RFOFF bit should be set to ‘0’ in the Clock Feedback Resistor
Control Register.

The table below shows the relationship between the coupling capacitor value and the stabilizing time of the
on-board clock.

Coupling Capacitor CLOtCCIi(S)tgl(h(Z;ls‘% time Register setting

no 0 CLKRFOFF="1"
100pF 0.5 CLKRFOFF="0"
1000pF 5 CLKRFOFF="0"
0.01uF 50 CLKRFOFF="0"
0.1uF 500 CLKRFOFF="0"

- Related register
Clock Select register
Clock Feedback Resistor Control register

Version: 2.00.00
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Reset

Since an anti-noise filter is embedded within the LSI in order to avoid the wrong resetting, please input
RESET signal with at least a 5 2 s pulse width.

Serial Audio Interface and PCM Interface

There are two types of Audio Interface inside the LSI. One is General 4 lines digital PCM data transferring
interface SAI (Serial Audio Interface). The other is original PCM interface which is proprietary PCM
interface. Both interfaces use the same sets of pins. In order to choose one of the two interfaces, please set
the SAI bit in the SAI/PCM Interface Select Register

— SAI (Serial Audio Interface) —
SAI_LRCLK 1 When SAI bit of PCMIF_Ctrl register is ".0" —
SAI BCLK +—
SAI_SDI —— Internal PCM data
SAI _SDO [— L
- — PCM Interface —
[— When SAI bit of PCMIF_Chntrl register is "1". 1
Fig.11 SAI I/F and PCM I/F
- Related register
SAI Control Register
- SAI Interface

The LSI supports four formats in SAI mode, in accordance with SAI control register settings.

Left Justified Mode: DLYO bit and DLYI bit of SAICONO register = “0”
WSL="0”, DLYO/1="0"

SAI
LRCLK Left Right

RN (T €2 CER A D S ) €2 D) G e O 4

.............................

s AL Ao e e AL L

WSL="1”, DLYO/1="0”

SAI Lieft Right Left
LRCLK —|

SAIL
SDI/SDO VS

1
(MSB
SAI_BCLK Tu—

Version: 2.00.00
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Left Justified Mode: DLYO bit and DLYTI bit of SAICONO register = “0”
WSL="0”, DLYO/1="1”

SAL  —
LRCLK Left Right Left
SDI/SDO X B3

WSL="1", DLYO/1="1"

SAL Left ‘ Right Left
LRCLK __|

SAI
SDI/SDO

W T L L L L L L UL

Fig.12 SAI timing Chart

- PCM Interface
The LSI supports following timings in PCM interface mode.
Direction of PCM_DATAQ pin and PCM_DATAT1 and number of slots are programmable.

|
Sampling Frequency |
|

PCM_FSYNC ﬂ ﬂ H}

I
|
PCM_BCLK

| | |
| | |
PCM_DATAO [ Sioim) | Sioifo] [ siott] | [ stot) | [ Slotm) |
| | |
PCM_DATAI | Slot[m] i siotfo] | sio1] | | Siotm] | [ Sloifm] i
| !

PCM_FSYNC ﬂ
I
|
|
|

PCM_DATAO .n
|

|
Slot [n] I Slot[n+1]
! fixed as 16bit I

Figl3. PCM timing

Version: 2.00.00
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12C Interface

ML2601 has the serial interface, which complies with 12C bus standards. It operates as an 12C slave. The
high 6 bits of the LSI address are fixed at “001100”. LSB is changed via I2C_AO0 Pin.
- I2C format

Write

[ | I2C slave address reception | | Access address recepion | | Access address reception [ ]

A | (o Yo XY Yo Yo Ysow)] A (afadadm Yl Yae) A (arYnsf as\ aa)fas mofarfa0) A

| White data reception Wihite data reception Wiite data reception

2l I3 211314 211314
romived A o oo Do Yoo Yoe ) AWD7 pe) o5 p4Y e YooY o1 b0 A%L—I-x% B0 B8 B8 62 66 63 COR

above

Internal write
Fig.14 12C Write Format

After the LSI writes data (Fig.14 Internal Write), if there is no Stop or Restart condition input when the SCL
is “H”, it will be looked as writing continuously and the next received 16 bits of data will be written. The
on-board address counter will then increment by 0x02h.

Read

| 12C slave address reception \ | Access address reception \ | Access address reception | \

SDA

Continued

fromthe
||< x K X XOXOISOIRM D15 D14 D13 D1AD11ADIGRD9 ADS ) A <D7!D6!D5!D4XD3XD2!D1XDO>A

Internal read
Fig.15 I2C Read Format

If the Master response to the 16 bit data transferred from ML2601 is ACK, it will be considered as reading
continuously. The address counter within the ML2601 will be incremented by 0x02h. The data from the
address will be read and the LSI will prepare for the next 16 bits of data to be transferred.

Note: The yellow part in the picture above shows the 12C Bus driven by ML2601.

Version: 2.00.00
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3D surround

The ML2601 provides high quality 3Dsurround sound enhancement powered by SRS Labs. The LSI
incorporates two technologies, SRS3D Headphone and SRS3D extreme mode. SRS3D Headphone is 3D

surround technology optimized for headphones, SRS3D extreme mode is optimized for small speakers
mounted in close proximity.

To disable 3D surround, LSI support “Bypass mode”.

SAI/PCM SRS3D headphone Q.
( TSRS3D MODE
. register
Receiver . SRS3D extreme mode ¢
Transceiver O)

SRS3D

Enable

register

Fig.16 3D Function Diagram

NOTICES for 3D surround

The strength of 3D surround effect is selectable by register values. As there is only one parameter in each
mode, the strength is easily changed.

When the 3D surround is enabled please consider the sound volume. If the input volume to the LSI is high,
the output with the 3D surround effect might be distorted. In such case, please reduce the audio gain before
inputting to the LSI. Regarding the attenuation value, please determine it by system evaluation.

Set 3D Surround
It needs to set the Sampling Frequency Register Setting before processing the PCM signal. Before changing
the value of the register, please turn off the 3D effect by setting SRS3D Enable register.

The strength of 3D effect can be adjusted by the corresponding controlling registers in a different mode.
These parameters can be changed anytime even if the 3D effect is on.

- Related register
SRS3D Enable register
Sampling Frequency setting register
SRS3D Mode register
SRS3D Stereo Control register
SRS3D Extreme mode control register

Version: 2.00.00
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Power Down

Power Down function can reduce the power consumption.

- Power Down

Stopping the ML2601 on-board clock will stop the LSI’s Digital function and power down the LSI.
Inputting a “H” signal on the CLKPD pin will stop the on-board clock and power down the LSI. The 12C and
SAI/PCM interface will not operate during LSI power down.

However, all the register settings will be kept during LSI power down.

Start

\ 4
Set Interrupt Enable Register

to Enable Interrupt
AMP_ENB=0

\ 4
Set Power Down Control Register

to Power Down SP AMP
ANAPD=1

Wait for Interrupt
If SP AMP Power Down
AMP_RDY=1

Y

Set CLKPD pin to “H”for Stopping
Internal Clock

\
End

Fig.17 LSI Power Down Flow

During Power Down the ML2601’s amplifier will only continue working if the power down sequence
above is followed. In this case, input “H” on the CLKPD Pin. Please note, as [2C cannot communicate

during Power Down, the volume and power down/on control of the speaker amplifier cannot be changed by
commands sent from the CPU.

Version: 2.00.00
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- Release Power Down

The LSI’s on-board clock will begin to operate when inputting “L” on CLKPD Pin. This will release LSI
from power down.
When the input clock amplitude to the ML2601 is small, there is a settling period from inputting “L” on
CLKPD Pin to when the on-board clock is stable. (Please refer to the information in the Clock chapter).
Accessing the LSI during this period is invalid.

During initialisation of the ML2601, please set the Clock Feedback Resistor Register according to the
amplitude of the input clock after inputting “L” on CLKPD Pin and the stable period of the on-board clock.

Start

Y

Set CLKPD pin to “L"for Starting
Internal Clock

Y

If Clock is Full N
Swing?

-l

ait for Stabilizing
internal Clock
Timer Exceed?

\
Set Power Down Control Register

to Power Up SP AMP
ANAPD=0

Wait for Interrupt
If SP AMP Power Up
AMP_RDY=1

Y
End

Fig.18 Release Power DownFlow

Version: 2.00.00
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- Power Down Amplifier

The ML2601 amplifier can be powered down by setting the Power Down Control Register. An interrupt
signal will be sent by the ML2601 once the on-board Amplifier has powered down and then powered on.

Please refer to the Fig.17 for the information about the interrupt signal action and the Amplifier action when
power down / Power on.

Power-on operation Power-down operation
~30ms ~1.5ms

ANAPD W
OP_STAT
VREF_STAT
SP_STAT

After the interrupt status register is

write, the interrupt signal goes to 0x0.
IRQ signal 22

After the interrupt status register is

After the SPAMP is activated, write, the interrupt signal goes to 0x0.

the interrupt signal goes to Ox1.
After all the AMPs are deactivated,

the interrupt signal goes to Ox1.

AVAVa SuiVAVAV

Fig.19 Power On/Down Amplifier Sequence

In order to avoid pop-noise when in power down ML2601, please set ANAPD bit to “1”” and stop the input
source after the interrupt has occurred.

In order to avoid pop-noise when releasing power down, please start the analog source signal before setting
ANAPD bit to “0”. Input the signal after the interrupt occurred.

Note
The polarity of the interrupt signal can be changed by the ISS bit in the Interrupt Polarity Control register.

- Related register
Power Down Control register
Interrupt Status register
Interrupt Enable register
Analog Status register
Interrupt Polarity Control register

Version: 2.00.00
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Register Map
Address |Access| B15 | B14 |B13 |B12| BII B10 B09 Bog | BO7 |BO6| BOS [B04| BO03 B02 BO1 B0O0  |[Note
(Initial)
Clock, Reset , Power down Control Register
- - - - - - - - - - - - - - - DIVSEL
0x0004 | R/'W ] ] ) ) ) ) ; _ } . - R ; - - 0 Clock select
0x0008 | R/'W - - - - - - - - - - - - - - - RFOFF Clqck feedback
- . _ - - - - - - - - - - - - 0 resistor control
PCMPD ANAPD
0x0016 | R/'W 1 1 IPower down control
- - - - - - - - - - - - - - - SOFTRST
0x0020 \%% ) ) ) ) ) } _ R - _ R R - - - - Soft reset
3D Control Register
- - - - - - - - - - - - - - - SRS3DEN
0x0102 | R/'W ] ) a ) 3 ) ) i} . - i, - - - - 0 SRS3D enable
- - - - - - - - - - - - - - - XTMode
0x01b0 | R/'W ) ) ) ) ) } ) _ . - - ; - - - 0 SRS3D mode
- - - - - - - - - [SCN6| SCN5 [SCN4| SCN3 SCN2 SCN1 SCNO
0x01b2 | VW _ - - - - - - - - 1 1 0 0 1 1 0 SRS3D stereo control
0x01b4 | R'W | ~ - - - - - - - - [ECN6| ECN5 [ECN4| ECN3 | ECN2 | ECNI ECNO [SRS3D extreme mode
- - - - - - - - - 1 1 0 0 1 1 0 control
0x01b6 | R/'W . - } ) - - - - - - - - - FRQ2 FRQI FRQO Sarr_lphng frequencyj
- - - - - - - - - - - - - 0 1 0 setting
PCM I/F Control Register
0x0100 | R/'W ) : ] ) - SOAI ssé?;él;CM interface
SAI I/F Control Register
- - - - - - - - DLY1| - - - - - DLYO WSL
0x0190 | R/'W ] ) ) 3 ) ) B} _ 0 } - - - - 0 0 SAI control
Analog Control Register
0x0116 | R/'W - - - - |SPVLL3|SPVLL2|SPVLLI1 | SPVLLO - SPVLR3[SPVLR2| SPVLRI1 SPVLRO [Speaker amplifier
- - - - 0 0 0 0 - 0 0 0 0 ivolume control
_ N R - - - - - - - - - |SP_STAT| OP_STAT [VREF STAT
0x0118 R ) ) ) ) 3 ) B} . . - - - - 0 0 0 /Analog status
Interrupt Control Register
- -1 - ] - ; - R R - - - - - - - AMP_RDY
0x0010 | R/W ] ) ) ) } ) B} . - , . - - - - 0 Interrupt status
- A R - - - - - - - - - - - AMP_ENB
0x0012 | R/'W ] ) ) ) } ) ) _ . - ; - - - - 0 Interrupt enable
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0x0014 | R/'W - - - - - - - - - - - - - - - ISS  [|Interrupt polarity]
- - R - R - - - - - - - - - - 1 control
PCM Slave Control Register
0x0200 | R'W - - - - - - - - | SSLI7 |SSLI6 | SSLI5 |SSLI4| SSLI3 | SSLI2 | SSLI1 SSLI0  |Left channel input slot]
. - - . . - - - 1 1 1 1 1 1 1 1 start
0x0202 | R'W | - - |- - - - - | SSRI7 | SSRI6| SSRI5 |SSRI4| SSRI3 | SSRI2 | SSRII SSRI0  [Right channel input
- - R - - - - - 1 1 1 1 1 1 1 1 slot start
0x0204 | R/W - - - - - - - - |SSLO7|SSLO6|SSLO5|SSLO4|SSLO3 | SSLO2 | SSLO1 SSLOO |Left channel outpu]
R - - - - - - - 1 1 1 1 1 1 1 1 slot start
0x0206 | R/W - - - - - - - - |SSRO7|SSRO6|SSRO5[SSRO4| SSRO3 | SSRO2 | SSRO1 SSRO0 [Right channel output
R - - - - - - - 1 1 1 1 1 1 1 1 slot start
_ _ - - - - - - B - - - ISL ISR OSL OSR
0x0208 | R/W ) ] ) ) ) } ) B _ . i - 0 1 0 1 Channel Select
B _ - - - - - - - - - - |BOOR| BOOL | BOIR BOIL
0x020A | R/'W _ - _ - R R - - - - - - 0 0 0 0 Bit Order
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Detailed Description of the Registers System Control

Note: “-” indicates a reserved bit. They return “0” for reads. Always write “0” to the bit. If a“1”is written
to this bit, the operations cannot be guaranteed.

CLOCK select register (Address 0x0004; Access R/W)

Clock, Reset , Power down Control Register

BI15 B14 | B13 | B12 | Bl1l | B10 | B09 | B08 | B07 | BO6 | BO5 | B04 | B03 | BO2 | BO1 B00
(Initial)

- - - - - - - - - - - - - - - DIVSEL
- - - - - - - - - - - - - - - 0

This register controls the division circuit for input clock.
DIVSEL bit: It switches ON or OFF for dividing input clock.

When a 26MHz clock is inputted to the CLOCK, this register must be set to “1”. This clock is then divided
down to 13MHz and is used as internal system clock. The internal system clock must be set as 13MHz.

DIVSEL Description

“0” Input clock signal into CLOCK pin is used directly for the internal
system clock.

The division circuit is skipped.(default)

“1” Input clock signal into CLOCK pin is divided down to 13MHz
through the division circuit. This is used for the internal system clock.
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Clock Feedback Resistor Control Register (Address 0x0008; Access R/W)

Clock, Reset , Power down Control Register

BI15 B14 | B13 | B12 | B1l | B10 | B09 | B0O8 | BO7 | BO6 | BO5S | B0O4 | B0O3 | B02 | BOl B00
(Initial)

R R - R R R R - R - | RFOFF
- - - - - - - - - - 0

This register controls the feedback resistor for the clock buffer of the CLOCK pin.

RFOFF bit: It switches ON/OFF for feedback resistor of the clock buffer.

For a full swing clock, set this register to “1”” which disables the feedback resistor. The current consumption
is reduced.

RFOFF Description
“0” The feedback resistor is valid. A small amplitude clock is
acceptable.(default)
“1” The feedback resistor is invalid. Full swing clock must be inputted.
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Power Down Control Register (Address 0x0016; Access R/W)

Clock, Reset , Power down Control Register

BI15
(Initial)

B14 | B13 | B12

B11 | B10 | B09 | BO8 | B07

B06

BO5

B04

B03

B02

BO1

B00

PCMPD

ANAPD

This register controls power down of the LSI,

ANAPD: controls power down/on of the on-board amplifier.
To power down the amplifiers, set ANAPD bit to “1”. The current consumption will be reduced.

ANAPD Description
“0” Power on SP-AMP
“1” Power down SP-AMP

PCMPD: Controls power down/on of the PCM interface

To power down the PCM interface, set PCMPD bit to “1”. The current consumption will be reduced.

PCMPD

Description

“0”

Power on PCM interface

“1”

Power down PCM interface
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Software Reset Register (Address 0x0020; Access W)

Clock, Reset , Power down Control Register

BI5 Bl14 | B13 | B12 | BIl | B10 | B09 | B0O8 | BO7 | B06 | BOS | B0O4 | BO3 | B02 | BO1 B00
(Initial)

R R R R R - R R - R R R R - | SOFTRST

This register is for reset all.
SOFTRST bit: When it is set to “17, all the registers are reset to the default setting.

NOTICE: When a software reset is performed while the speaker amp is active you may experience a pop
noise.

32




OKI

CONFIDENTIAL

ML2601 DATASHEET

SRS3D Enable Register (Address 0x0102; Access R/W)

3D Control Register

B15 B14 | B13 | BI12 | BI1 | B10 | B09 | BO8 | BO7 | BO6 | BO5S | B0O4 | B0O3 | B02 | BOl B0O
(Initial)
- R R R R R R - - - - - | SRS3DEN
- - - - - - R R - - - - 0

This register is to enable or disable the SRS3D effect

SRS3DEN bit: This bit is to enable or disable the SRS3D effect. When SRS3D is disabled, PCM data from
SAI/PCM will bypass the SRS3D block, the data is outputted from the LSI through the SAI/PCM interface.

SRS3DEN

Description

“0”

SRS3D effect is disabled

“1”

SRS3D effect is enabled
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Sampling Frequency setting register (Address 0x01b6; Access R/W)

3D Control Register

B15 B14 | B13 | B12 | B11 | B10 | B09 | BO8 | BO7 | B0O6 | BO5 | B04 | B03 B02 BO1 B0O
(Initial)

- - ) - - - - - - ; - : - | FRQ2 | FRQI | FRQO
. ] ) ) . - - ) - - - - : 0 1 0

This register is to set the sampling frequency of the 3D surround effect.
When changing the register, please disable the SRS3D effect.

FRQJ[2:0]bit: Please set sampling frequency according to the PCM data. An incorrectly matched sampling
frequency will affect optimal effect performance.

FRQ[2:0] Description

0x0 reserved *

0x1 reserved *

0x2 16 kHz

0x3 22.05 kHz

0x4 24 kHz

0x5 32 kHz

0x6 44.1 kHz

0x7 48 kHz

* Overwriting for “*reserved” bit is prohibited, no guarantee of proper operation.
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SRS3D Mode Register (Address 0x01b0; Access R/W)

3D Control Register

B15 B14 | B13 | B12 | B11 | B10 | B09 | B0O8 | BO7 | BO6 | BO5S | B0O4 | B0O3 | BO2 | BO1 B00
(Initial)
- - - - - - - - - | SRS3DMODE
- - - - - - - - - 0
This register is to set SRS3D mode
SRS3DMODE bit: This bit is to set SRS3D mode,
Please disable the SRS3D effect before change this bit.
SRS3DMODE Description
“0” SRS3D Headphone mode
“1” SRS3D Extreme mode(For speaker)
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SRS 3D Stereo Control Register (Address 0x01b2; Access R/W)

3D Control Register

B15 | Bl14 | B13 | B12 | BIl | B10 | B09 | BO8 | BO7 | B06 BOS5 B04 B03 B02 BO1 B00
(Initial)

- - - - - SCN6 | SCN5 | SCN4 | SCN3 | SCN2 | SCN1 | SCNO
- - - - - 1 1 0 0 1 1 0

This register is to set the strength value of the SRS3D headphone mode.

SCNJ6:0]: The bits to set 3D strength value of the SRS3D headphone mode. The value can be set from 0x00
to 0x7F.
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SRS 3D Extreme mode Control Register (Address 0x01b4; Access R/W)

3D Control Register

BI15 Bl14 | B13 | B12 | BIl | B10 | B09 | BO8 | BO7 | BO06 BO5 B04 B03 B02 BO1 B00
(Initial)
- - - - - - - - - ECN6 | ECNS | ECN4 | ECN3 | ECN2 | ECN1 | ECNO
- - - - - - - - - 1 1 0 0 1 1 0

This register is to set the strength value of the SRS3D Extreme mode (for speaker).

ECN[6:0]: The bits to set 3D strength value of the SRS3D Extreme mode. The value can be set from 0x00 to

0x7F.
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SAI/PCM Interface Select Register (Address 0x0100; Access R/W)

PCM I/F Control Register

BI15 Bl14 | B13 | B12 | B1l | B10 | B09 | B0O8 | BO7 | BO6 | BO5 | B0O4 | BO3 | B0O2 | BOl | BOO
(Initial)
- - - - - - - - - SAI
- - - - - - - - - 0

This register is to select the PCM interface between SAI and PCM.

SAIl bit:;; This bit to select the PCM interface, either SAIl or PCM.

SAI

Description

0

PCM interface is selected(default)

1

SAI interface is selected

*This register must not be set during PCM data transmission, or no guarantee of proper operation.

38




OKI

CONFIDENTIAL ML2601 DATASHEET

Left Channel Input Slot Start Register (Address 0x0200; Access R/W)

PCM Slave Control Register

B15 | Bl14 | B13 | B12 | Bll | B10 | B09 | BO8 | BO7 B06 BOS B04 B03 B02 BO1 B00
(Initial)

- - - - - SSLI7 | SSLI6 | SSLIS | SSLI4 | SSLI3 | SSLI2 | SSLI1 | SSLIO
- - - - - 1 1 1 1 1 1 1 1

The value of this register is the number of PCM_CLK cycles. After SSLI cycles since PCM_SYNC positive
edge, the slot for left channel data input starts. The four slot start registers must be set to values which do not
allow the slots to overlap.
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Right Channel Input Slot Start Register ( Address 0x0202; Access R/W)

PCM Slave Control Register

BI15
(Initial)

B14

B13

B12

B11

B10

B09

BO8

B07

B06

BO5

B04

B03

B02

BO1

B00

SSRI7
1

SSRI6
1

SSRI5
1

SSRI14
1

SSRI3
1

SSRI2
1

SSRI1
1

SSRIO
1

The value of this register is the number of PCM_CLK cycles. After SSRI cycles since PCM_SYNC
positive edge, the slot for right channel data input starts. The four slot start registers must be set to values
which do not allow the slots to overlap.
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Left Channel Output Slot Start Register (Address 0x0204; Access R/W)

PCM Slave Control Register

BI5
(Initial)

B14

BI13

B12

Bl11

B10

B09

B08

B07

B06

B05

B04

B03

B02

BO1

B0O

SSLO7
1

SSLO6
1

SSLOS5
1

SSLO4
1

SSLO3
1

SSLO2
1

SSLO1
1

SSLOO0
1

The value of this register is the number of PCM_CLK cycles. After SSLO cycles since PCM_SYNC
positive edge, the slot for left channel data onput starts. The four slot start registers must be set to values
which do not allow the slots to overlap.
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Right Channel Output Slot Start Register (Address 0x0206; Access R/W)

PCM Slave Control Register

BI5
(Initial)

B14

BI13

B12

Bl11

B10

B09

B08

B07

B06

BO5

B04

B03

B02

BO1

B00

SSRO7
1

SSRO6
1

SSRO5
1

SSRO4
1

SSRO3
1

SSRO2
1

SSRO1
1

SSRO0

The value of this register is the number of PCM_CLK cycles. After SSRO cycles since PCM_SYNC
positive edge, the slot for right channel data output starts. The four slot start registers must be set to values
which do not allow the slots to overlap.
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Channel Select Register (Address 0x0208; Access R/W)

PCM Slave Control Register

BIS Bl14 | B13 | BI12 | B11 | B10 | B0O9 | B0O8 | BO7 | B0O6 | BO5 | B04 | B0O3 | B02 | BOI B00
(Initial)
- - - - - - - - - ISL | ISR | OSL | OSR
- - - - - - - - - 0 1 0 1

This Register controls the I/O terminal of the PCM data when the "PCM interface" is used.

The I/O terminal for data of the Left-Channel and Right-Channel is selected by this Register.

*This Register is effective only when the "PCM interface" is selected by "PCMIF_Ctrl" register.

ISL bit: This bit is to set the Input terminal of the Left-Channel.
Please disable the PCM Interface before changing this bit.

ISL

Description

“0”

Left-channel input from PCM_DATA1 (default)

“1”

Left-channel input from PCM_DATA2

ISR bit: This bit is to set the Input terminal of the Right-Channel.
Please disable the PCM Interface before changing this bit.

ISR

Description

G‘O”

Right-channel input from PCM_DATA1

“17’

Right-channel input from PCM_DATA?2 (default)

OSL bit: This bit is to set the Output terminal of the Left-Channel.
Please disable the PCM Interface before changing this bit.

OSL Description
“0” Left-channel output to PCM_DATAI (default)
“1” Left-channel output to PCM_DATA2

OSR bit: This bit is to set the Output terminal of the Right-Channel.
Please disable the PCM Interface before changing this bit.

OSR

Description

“0”

Right-channel output to PCM_DATAI

“1”

Right-channel output to PCM_DATA?2 (default)
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Bit Order Register (Address 0x020A; Access R/W)

PCM Slave Control Register

BI15 B14 | B13 | B12 | BI1 | B10 | B09 | BO8 | BO7 | B06 | BO5 | B04 B03 B02 BO1 B00
(Initial)
- - - - - - - - - BOOR | BOOL | BOIR | BOIL
- - - - - - - - - 0 0 0 0

The Bit order for each channel can be selected between MSB-first and LSB-first by utilising the four bits
BOIL, BOIR, BOOL and BOOR.

This device can support two kind of PCM data (16-bit PCM and 8-bit PCM ). When 8-bit PCM data is
employed, it is necessary to fix the lower 8-bits to "0". Table 1 shows the data format that can be supported.

The relationship between bit order of data and the Bit Order Register is shown in table 2.

Table 1: Supported PCM data format

Kind of PCM data B15 | ...... | B8 | B7 | ... B0
16-bit PCM MSB| LSB
8-bit PCM MSB | ...... [ LsB| o | ... 0

Table 2: MSB-first or LSB-first vs. Bit Order Register

PCM Data Set Value of Receive data or transmission data on PCM bus
“Bit Order” (PCM DATAI1 or PCM DATA2)

Register First Last

Bit width Bit Order (BOOR, BOOL, bit bit
BOIR, BOIL) BO | .. | B7 | B8 | .. B15
. MSB-First 1 MSB | LSB
16bit PCM - = e p First 0 Ls8 | ... MSB

) MSB-First 1 MSB | ...... LSB o | ...... 0

8Dt PEM 1 SR First 0 o | ... 0 LSB | ... MSB
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SAl Control Register (Address 0x0190; Access R/W)

SAI I/F Control Register

BI15 Bl14 | B13 | BI12 | B1l | B10 | B09 | B08 B07 B06 | BO5 | B04 | B03 | B0O2 BO1 B00
(Initial)
- - - - - - - DLY1 - - - DLY0O | WSL
- - - - - - - 0 - - - 0 0

This register is to set the format of the SAI. Please don’t change this register during operation of the SAI.

WSL bit: This bit is to set the polarity of SAI LRCLK.

WSL Description
0 LEFT channel is operating when SAI LRCLK is L level. (default)
1 LEFT channel is operating when SAI LRCLK is H level.

DLYO bit: This bit is to specify the data output delay from the transceiver.

DLYO

Description

0

There is one clock delay in serial output data (default)

1

No delay in serial output data

DLY bit:This bit is to specify the data output delay from the receiver.

DLYI

Description

0

There is one clock delay in serial output data (default)

1

No delay in serial output data
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Speaker Amplifier Volume Control Register (Address 0x0116; Access R/W)

Analog Control Register

(h?iiii p | Bl4|B13 | B2 | Bl BI0 B09 B0 | BO7 | B06 | BOS | Bo4 | BO3 BO2 BOI BOO
- SPVLL3 | SPVLL2 | SPVLLI | SPVLLO SPVLR3 | SPVLR2 | SPVLRI | SPVLRO
0 0 0 0 0 0 0 0

This register sets the volume of the speaker amplifier. SPVLL[3:0] is to set L ch, SPVLR[3:0] is to set R

ch,

SPVLL[3:0]. SPVLR[3:0] bit

SPVLL/SPVLR Volume Gain SPVLL/SPVLR Volume Gain
0x0 8dB 0x8 -8dB

0x1 6dB 0x9 -10dB

0x2 4dB 0xA -12dB

0x3 2dB 0xB -14dB

0x4 0dB 0xC -16dB

0x5 -2dB 0xD -18dB

0x6 -4dB 0xE -20dB

0x7 -6dB 0xF MUTE
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Analog Status Register(Address 0x0118; Access R)

Analog Control Register

B15 | Bl14 | B13 | B12 | B11 | B10 | B09 | BO8 | BO7 | B0O6 | BO5 | B04 | BO3 B02 BO1 B00
(Initial)
- - - - - - - SP_STAT | OP_STAT | VREF_STAT
- - - - - - 0 0 0

This register is to indicate the status of the on-board stereo speaker amplifier. Each bit will be set as
“1° when the related amplifier is ON.

SP_STAT bit: This bit is to indicate the status of the speaker amplifier.

SP_STAT

Description

0

Amplifier OFF (default)

1

Amplifier ON

OP_STAT bit: This bit is to indicate the status of the volume block.

OP STAT

Description

0

Amplifier OFF (default)

1

Amplifier ON

VREF_STAT bit: This bit is to indicate the status of the VREF block

VREF_STAT

Description

0

Amplifier OFF (default)

1

Amplifier ON
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Interrupt Status Register (Address 0x0010; Access R/W)

Interrupt Control Register

BIS
(Initial)

B14

B13

B12 | Bl1

B10

B09

B08

B07

B06 | BO5

B04

B03

B02

BO1

B00

AMP_RDY
0

This register is to indicate the interrupt status. IRQ can be cleared by writing a ’1” to the AMP_RDY bit.
This register is available even if the interrupt is disabled through the interrupt enable register.

AMP-RDY bit: This bit will be set to ’1” when the status of SP_ STAT bit (speaker amplifier) equals the
status of the ANAPD bit (Analog Power Down).
The interrupt can be cleared by writing a ’1” to this bit.

AMP RDY Description
0 Not interrupt (default)
1 Interrupt occurred
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Interrupt Enable Register (Address 0x0012; Access R/W)

Interrupt Control Register

BI15 Bl4 | B13 | B12 | B1l | B10 | B09 | B0O8 | BO7 | BO6 | BO5 | B0O4 | BO3 | B02 | BOl B00
(Initial)
- - - - - - - - - - - - AMP_ENB
- - - - - - - - - - - - 0

This register is to enable or disable the interrupt.

AMPENB bit: This bit is to be enable or disable the interrupt.

AMP _ENB Description
“0” Disenable the interrupt (default)
“1” Enable the interrupt
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Interrupt Polarity Control Register (Address 0x0014; Access R/W)

Interrupt Control Register

B15 B14 | B13 | B12 | B11 | B10 | B09 | BO8 | B0O7 | B0O6 | BO5 | BO4 | BO3 | BO2 | BO1 | B0OO
(Initial)
- - - - - - - - - ISS
This register is to set the polarity of the interrupt.
ISS bit: This bit is to set the polarity of the interrupt.
ISS Description
“0” IRQ is "L" activity
“1” IRQ is "H" activity (default)
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Revision History

Date Page Notes Revision
05/11/07 All Release first version 1.0.0
05/11/29 14 Correct PCM timing and parameter values 1.0.1
05/11/29 27,28 Modify note of register map 1.0.1
05/11/29 29-50 Delete symbol name of register 1.0.1
05/11/29 8 Correct note 1.0.1
05/11/29 8-17 Correct centigrade symbol 1.0.1
05/11/29 Top page Add SRS Labs trademark usage 1.0.1
05/12/27 8,10,13,14,17 | Modify name of the signal and delete TBD item 2.0.0
05/12/27 18 Update the Power Derating Curves 2.0.0
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NOTICE

1. The information contained herein can change without notice owing to product and/or technical
improvements. Before using the product, please make sure that the information being referred to is
up-to-date.

2. The outline of action and examples for application circuits described herein have been chosen as an
explanation for the standard action and performance of the product. When planning to use the product,
please ensure that the external conditions are reflected in the actual circuit, assembly, and program
designs.

3. When designing your product, please use our product below the specified maximum ratings and within
the specified operating ranges including, but not limited to, operating voltage, power dissipation, and
operating temperature.

4. Oki assumes no responsibility or liability whatsoever for any failure or unusual or unexpected operation
resulting from misuse, neglect, improper installation, repair, alteration or accident, improper handling,
or unusual physical or electrical stress including, but not limited to, exposure to parameters beyond the
specified maximum ratings or operation outside the specified operating range.

5. Neither indemnity against nor license of a third party’s industrial and intellectual property right, etc. is
granted by us in connection with the use of the product and/or the information and drawings contained
herein. No responsibility is assumed by us for any infringement of a third party’s right which may result
from the use thereof.

6. The products listed in this document are intended for use in general electronics equipment for
commercial applications (e.g., office automation, communication equipment, measurement equipment,
consumer electronics, etc.). These products are not authorized for use in any system or application that
requires special or enhanced quality and reliability characteristics nor in any system or application
where the failure of such system or application may result in the loss or damage of property, or death or
injury to humans.

Such applications include, but are not limited to, traffic and automotive equipment, safety devices,
aerospace equipment, nuclear power control, medical equipment, and life-support systems.

7. Certain products in this document may need government approval before they can be exported to
particular countries. The purchaser assumes the responsibility of determining the legality of export of
these products and will take appropriate and necessary steps at their own expense for these.

8. No part of the contents contained herein may be reprinted or reproduced without our prior permission.

Copyright 2005 Oki Electric Industry Co., Ltd.
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