AKM [AK4645EZ]

AsahiKASEI AK4645EZ
ASAHI KASEI EMD _
Stereo CODEC with MIC/HP- AMP

| GENERAL DESCRIPTION |
The AK4645 is a stereo CODEC with a built-in Microphone-Amplifier and Headphone-Amplifier. The
AK4645 features analog mixing circuits and PLL that allows easy interfacing in mobile phone and portable
A/V player designs. The AK4645 is available in a 32pin QFN (4mm x 4mm), utilizing less board space
than competitive offerings.

| FEATURES |
1. Recording Function
e 4 Stereo Input Selector
e Stereo Mic Input (Full-di fferential or Single-ended)
e Stereo Line Input
o MIC Amplifier (+32dB/+26dB/+20dB or 0dB)
¢ Digital ALC (Automatic Level Control)
(+36dB ~ —54dB, 0.375dB Step, Mute)
¢ ADC Performance: S/(N+D): 83dB, DR, S/N: 86dB (MIC-Amp=+20dB)
S/(N+D): 88dB, DR, S/N: 95dB (MIC-Amp=0dB)
¢ Wind-noise Reduction Filter
e Stereo Separation Emphasis
¢ Programmable EQ
2. Playback Function
¢ Digital De-emphasis Filter (tc= 50/15(s, fs=32kHz, 44.1kHz, 48kHz)
e Bass Boost
¢ Soft Mute
e Digital Volume (+12dB ( (115.0dB, 0.5dB Step, Mute)
¢ Digital ALC (Automatic Level Control)
(+36dB ~ -54dB, 0.375dB Step, Mute)
e Stereo Separation Emphasis
e Programmable EQ
e Stereo Line Output
- Performance: S/(N+D): 88dB, S/N: 92dB
e Stereo Headphone-Amp
- S/(N+D): 70dB@7.5mW, S/N: 90dB
- Output Pow er: 70mW@16Q (HVYDD=5V), 62mW@16Q (HVDD=3.3V)
- Pop Noise Free at Pow er ON/OFF
¢ Analog Mixing: 4 Stereo Input
3. Power Management
4. Master Clock:
(1) PLL Mode
¢ Frequencies:
- MCKI pin: 11.2896MHz, 12MHz , 12.288MHz, 13MHz, 13.5MHz,
19.2MHz, 24MHz, 26MHz, 27MHz
- LRCK pin: 1fs
- BICK pin: 32fs or 64fs
(2) External Clock Mode
¢ Frequencies: 256fs, 512fs or 1024fs (MCKI pin)
5. Output Master Clock Fr equencies: 32fs/64fs/128fs/256fs
6. Sampling Rate:
e PLL Slave Mode (LRCK pin): 7.35kHz  ~ 48kHz
e PLL Slave Mode (BICK pin): 7.35kHz ~ 48kHz
e PLL Slave Mode (MCKI pin):
8kHz, 11.025kHz, 12kHz, 16kHz, 22.05kH z, 24kHz, 32kHz, 44.1kHz, 48kHz
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e PLL Master Mode:
8kHz, 11.025kHz, 12kHz, 16kHz, 22.05kH z, 24kHz, 32kHz, 44.1kHz, 48kHz
¢ EXT Master/Slave Mode:
7.35kHz ~ 48kHz (256fs), 7.35kHz ~ 26kHz (512fs), 7.35kHz ~ 13kHz (1024fs)
7. uP I/F: 3-wire serial, | 2C Bus (Ver 1.0, 400kHz Fast-mode)
8. Master/Slave mode
9. Audio Interface Format: MSB First, 2's complement
« ADC: 16bit MSB justified, | S, DSP Mode
« DAC: 16bit MSB justified, 16bit LSB justified, 16-24bit |  °S, DSP Mode
10. Ta=-30 ~ 85°C
11. Power Supply :
¢ AVDD, DVDD: 2.6 ~ 3.6V (typ. 3.3V)
e HVDD: 2.6 ~ 5.25V (typ. 3.3V/5.0V)
e TVDD (Digital 1/0): 1.6 ~ 3.6V (typ. 3.3V)
12. Package: 32pin QFN (4mm x 4mm, 0.4mm pitch)
13. Register Compatible w ith AK4644
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Figure 1. Bock Diagram
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W Ordering Guide
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AK4645EZ -30~ +85°C 32ph QFN (0.4nm pitch)
AKD4645 Evabaion boardfor AK4645
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B Compatibility with AK4643/44
1. Function
Functon AK4643 AK4644 AK4645EZ
Digital I/O of uP I/F 2.6 3.6V < 1.6 0 3.6V
Analog Mixing for Phyback 3 Sereo < 4 Stereo
Input Sekcor for Recording 3 Sereo < 4 Stereo
HP-Amp Hi-Z Setting for wired OR No < Yes
PLL 11.289612/12.288/ < 11.289612/12.28813/
13.5R4R7MHz 13.5/19.224/2627MHz
Speaker-Amp Yes No <
Receiver-Anp Yes < No
32QFN (5mm x 5mm, 32QFN (4nm x 4nmm,
Package 0.5nm pitch) < 0.4nm pitch)
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2. Pin

Pin# AK4643 AKA4644 AK4645EZ
16 DVSS < TVDD
19 SPN TEST1 HVSS
20 SPP TEST?2 HVDD
21 HVDD < HPR
22 HVSS < HPL

23 HPR < MUTET
24 HPL < RIN4 / IN4—
25 MUTET < LIN4 / IN4+
26 ROUT/RCN < ROUT/LON
27 LOUTRCP < LOUT/LOP

3. Register (difference from AK4644)

Addr | RegisteName D7 | D6 | D5 { D4 | D3 i D2 | DI { DO
00H | Power Management 1 0 i PMVCM | PMMIN 0 i PMLO | PMDAC | 0 . PMADL
01H | Power Management 2 HPZ | HPMTN | PMHPL | PMHPR | M/S | 0 . MCKO | PMPLL
02H | Signal Select 1 0 | 0 | 0 I DACL ! 0 ! PMMP ! 0 ! MGAINO
03H | Signal Select 2 LOVL | LOPS | MGAN1 ! 0 | O ' MINL ! 0 | 0O
04H | Mode Control 1 PLL3 ! PLL2 | PLL1 ! PLLO { BCKO ! 0 | DIF1 ! DIFO
05H | Mode Control2 PSI © PSO | FS3 ! MSBS ! BCKP ! FS2 ! FS1 ! FSO
06H | Timer Select DVIM | WTM2 | ZTM1 | ZTMO | WTM1 : WTMO | RFST1 ! RFSTO
07H | ALC Mode Control 1 0 0 | ALC ! ZELMN ! LMATL : LMATO ! RGAINO | LMTHO
08H | ALC Mode Control 2 REF7 | REF6 | REF5 | REF4 | REF3 | REF2:. REF1} REFO
09H | Lch Input Volume Control | IVL7 1 IVL6 | IVL5 | VL4 | VL3 | VL2 | IVL1 ! IVLO

OAH | Lch Digital Volume Control | DVL7 : DVL6 | DVL5 ' DVL4 | DVL3 ! DVL2 ! DVL1 : DVLO

0BH | ALC Mode Control 3 RGAIN1 | LMTHL | 0 0 0 0 | VBAT ! 0
0CH | RchinputVolume Control IVR7 ' IVR6 @ IVR5 ' IVR4 | IVR3 ! IVR2 ' IVR1 ' IVRO
0DH | RchDigital VolumeControl] DVR7 | DVR6 | DVR5 : DVR4 | DVR3 : DVR2 | DVR1 : DVRO
0EH | Mode Control 3 0O | LOOP | SMUTE { DVOLC | BST1 : BSTO ! DEM1 | DEMO
OFH | Mode Control 4 0 | 0 | 0 | 0 | IVOLC | HPM | MINH | DACH
10H | Power Management 3 INR1 | INL1 | HPG | MDIF2 | MDIF1 | INRO ! INLO | PMADR
11H | Digital Filter Select GN1I | GNO | 0 | FIL1 ! EQ ! FI3 | 0 ! 0
12H | FIL3 Co-ficient 0 F3A7 | F3A6 | F3A5 ! F3A4 ! F3A3 | F3A2 | F3A1 ! F3A0
13H | FIL3 Co-efficient 1 F3AS | 0 | F3A13 | F3A12 | F3A11: F3A10: F3A9 ! F3A8
14H | FIL3 Co-dficient 2 F3B7 ' F3B6 ' F3B5 : F3B4: F3B3: F3B2! F3B1: F3B(
15H | FIL3 Co-efficient 3 0 | 0O | F3B13 | F3B12 | F3B11: F3B10! F3B9 | F3B8
16H | EQ Co-efficient 0 EQA7 | EQA6 | EQA5 | EQA4 | EQA3 | EQA2 | EQAl ! EQAD
17H | EQ Co-efficient 1 EQA15 | EQA14 | EQA13 : EQA12 ! EQA1l : EQAL0 ! EQA9 . EQAS
18H | EQ Co-efficient 2 EQB7 | EQB6 | EQB5 | EQB4 . EQB3 | EQB2: EQBl1:, EQBO
19H | EQ Co-efficient 3 0o | 0 | EQB13 ! EQB12 | EQB11 | EQBI0O | EQB9 ! EQBS
1AH | EQ Co-efficient 4 EQC7 | EQC6 | EQC5 | EQC4 ! EQC3 ! EQC2: EQC1: EQCH
1BH | EQ Co-efficient 5 EQC15 | EQC14 | EQC13 | EQC12 | EQC11 ! EQC10 | EQC9 ! EQC8
1CH | FIL1 Co-dficient 0 FIA7 | F1A6 | F1A5 ! F1A4 : F1A3 | F1A2 ! F1A1 ! F1A0
1DH | FIL1 Co-efficient 1 FIAS | 0 ' F1A13 | F1A12 | F1A11: FI1A10: F1A9 ' F1A8
1EH | FIL1 Co-dficient 2 FIB7 | F1B6 . F1B5 ! F1B4: Fi1B3| F1B2! F1B1 F1B(
1FH | FIL1 Co-efficient 3 0 0 | F1B13 . F1B12: FiB11: F1B10! F1B9 ' FiB8
20H | Power Management4 PMAINR4 | PMAINL4 | PMAINR3 | PMAINL3 | PMAINR2 | PMAINL2 | PMMICR | PMMICL
21H | Mode Control 5 0O © 0 : MCR3:@ MCL3 ! L4DIF : MIX @ AIN3 I LODIF
22H | Lineout Mixing Select LOM | LOM3 | RINR4 | LINL4 : RINR3 : LINL3 : RINR2 : LINL2
23H | HP Mixing Select 0O | HPM3 | RINH4 : LINH4 : RINH3 ! LINH3 ! RINH2 ! LINH2
24H | Reserved o : 0 ! 0O ! 0 ! 0 : 0 0 | 0

These bits are added in the AK4645.
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| PIN/EUNCTION |
No. | Ph Name /O Funcion
1 | MPWR O | MIC Power Suppl Pin
Common Voltage Output Pin, 0.45 x AVDD
2 | VCOM 0 Bias votage of ADCinputss and DACoufputs.
3 | AVSS - | Analog Ground Ri
4 | AVDD - | Analog Power SupplPin, 2.6~ 3.6V

Output Pin for Loop Filter of PLL Cirgu(AIN3 bit = “0™: PLL is available.)

S| T This pin shoutl be conneed b AVSS with one resitor and capatir in seres.
RIN3 | Rch Anabg Input3 Pin (AIN3 bit = “1"; PLL is notavaiable.)
6 | 12 | Control Mode SetctPin
“H”: | 2C Bus, “L": 3-wire Serial
7 | PDN | Power-Down Node Pn

“H": Power-up, “L": Power-down, reset ad initializes the cantrol register.

8 CADO | Chip Address 1 SektPin (12C pin = “H": 1°C Bus Made)

o |COK I__].Contol Da Clock P (12Cpin = “L” 3-wire SerélMode)
SCL | | Control Data Clock Ph (12C pin = “H”: I°C Bus Mode)

o leom |__| Contol Da InputPin (12Cpin = “L": 3-wire SeralMode) |
SDA I/0 | Control Daa Input Pin (12C pin = “H”: 1°C Bus Made)

11 | SDTI | Audio Seral Daia Input Pin

12 | SDTO O | Audio Seral Data Output Pin

13 [ LRCK I/O | Input/ Output ChannelClock Ph

14 | BICK I/0 | Audio Seral Data Clock Pn

15 | DVvDD - | Digital Power Supp! Pin, 2.6~ 3.6V

16 [ TVDD Digital I/0O Power Suppl Pin, 1.6~ 3.6V

17 | MCKI External Master Qock InputPin

I
18 [ MCKO O | Master Aock OuputPin

19 [ HVSS Headphone Am Ground Ri
20 | HVDD Headphone Ap Power Suppl Pin
21 | HPR Rch Headphone-AmOutput Pin

O
22 | HPL O | Lch Headphone-AmOutput Pin
Mute Time Consant Control Pin
23 | MUTET o Connected to HVSS pin with a @ptar for mute time canstart.

24 (-t NCNLANADY TPURE BT O = B SMPReBeee b

25 f-riienn s DARE ARE LA D s DR TR

26 |- [ (L TSC SEIR0.SNE SUPL TS DR . NG SNCEE TE0 LI .

LON O | Negatve Line Ouput Pin (LODIF bit = “1”: Full-differeniad Mono Ouput)

27 LOUT .| O _|LchSereoLne OuputPin (LODIF bit = “0": Single-ended $freo Oupu)
LOP O | Positive Line Output Pin (LODIFib= “1"; Full-differential Mono Output)

og IMIN | | __|.Mono SgnallnputPin (AIN3 bit = "0™. PLL isavalable.)
LIN3 | Lch Anabg Input3 Pin (AIN3 bit = “1": PLL is notavalable.)

29 RINZ ] I__|.Reh Anabg Input2 Pn (MDIF2 bit = “0": Single-ended Inpot
IN2— | Microphone Negate Input2 Pn (MDIF2 bit = “1": Ful-differenia Inpuf

30 | LIN2 | | __| Lch Anabg Input2 Ph (MDIF2 bit = “0™: Single-ended Inpgt
IN2+ Microphone Positive Input 2 Pin (MBPR bit = “1": Full-differential Input)

31 |y oo L ENARE PR T U DR 2 e e I

IN1- | Microphone Negate Inputl Pn (MDIF1 bit = “1”: Ful-differenial Input)
32 RINL | || Rch Anabg Inputl Pn (MDIF1 bit = “0™: Single-ended Inpyt
IN1+ [ Microphone Positive Input 1 Pin (MBL bit = “1"; Full-differential Input)

Note 1. All inputpins excepainabg inputpins (MIN/LIN3, LIN1, RIN1, LIN2, RN2, RIN3, RN4, LIN4) shoutl notbe
left floaing.
Note 2. AVDD or AVSS votage shoull be nputto I2C pin.
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m Handling of Unused Pin

The unused @ pins shoull be processed approgigly as bebw.

Classficaion Pn Name Seting

MPWR, VCOC/RIN3, HPR, HPL, MUTET,
RIN4/IN4—, LIN4/IN4+, ROUT/LOP,

Analog LOUT/LON, MIN/LIN3, RIN2/IN2-, These pis shoud be open.
LIN2/IN2+, LINL/IN1—, RINL/INL+

Digital meko ] Thispin shoutibeopen. |
MCKI This pin shoutl be conneed b HVSS.

ABSOLUTE MAXIMUM RATINGS I

(AVSS, HVSS=0V;Note 3,Note 4)

Parameter Symbol min max Units
Power Supplies:| Analog AVDD -0.3 6.0 \Y,
Digital DVDD -0.3 6.0 Y,
Digital /0 TVDD -0.3 6.0 Y,
Headphone-Amp HVDD -0.3 6.0 V
Input Current Any Pin ExceptSupples 1IN - +10 mA
Analog InputVoltage (Note 5) VINA -0.3 AVDD+0.3 \%
Digital InputVoltage (Note 6) VIND -0.3 TVDD+0.3 V
Ambient Tenperature (powered applied) Ta -30 85 °C
Storage Termperature Tstg —65 150 °C

Note 3. All voltages wth respecto ground.
Note 4. AVSS and HVSS ost be conne@d b the sane anabg ground pne.
Note 5. 12C, RIN4/IN4, LIN4/IN4+, MIN/LIN3, RIN3, RIN2/IN2-, LIN2/IN2+, LIN1/IN1-, RIN1/IN1+ pins
Note 6. PDN, CSN/CADO, CCLK/SCL, CI/SDA, SDTI, LRCK, BICK, MCKI pins
Pull-up resstors atSDA and SCL pis shoull be conne@d b (TVDD+0.3)V or kess votage.

WARNING: Operaion ator beyond tese imits may resut in permanentdanege b the devee.
Normal operaiton is notguarateed at these extrem

RECOMMENDED OPERATING CONDITIONS

(AVSS, HVSS=0V;Note 3)

Parameter Symbol min typ max Units
PowerSupplies | Analog AVDD 2.6 3.3 3.6 Vv
(Note7) | Digital DVDD 2.6 3.3 3.6 Y
Digital I/O TVDD 1.6 3.3 DVDD \Y,
HP-Amp HVDD 2.6 3.3/5.0 5.25 Y
Difference AVDD-DVDD -0.3 0 +0.3 \Y

Note 3. All voltages wth respecto ground.

Note 7. The power-up sequence between AVDD, DVDD, T\dpid HVDD is not critical. PDNpin should be held to
“L” upon power-up. PDN pi shoutl be seto “H” after all power suppks are powered-up.
The AK4645 shou be operatd by the reconmendedpower-updown sequence shown iSystem Desgn
(Grounding and Power SuppDecouping)” to avod the pop nase atine ouputand headphone quit
When one of power supgsk is parialy powered OFF He power suppl currentat power-down mde nay be
increased. Althe power supjs shoutl be powered OFF whehet power supplis powered OFF.

* AKEMD assunes no responsibility for the usadpeyond the conditions in this datasheet.
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ANALOG CHARACTERISTICS

(Ta=25C; AVDD, DVDD, TVDD, HVDD=3.3V; AVSS=HVSS=0V; fs=44.1kHz, BICK=64fs;

Signal FrequencylkHz; 16bi Data; Measurerantfrequency20Hz ~

20kHz; unless dberwise spedied)

Parameter min \ yp | max | Units
MIC Amplifier: LIN1/RIN1/LIN2/RIN2/LIN4/RIN4 pins & LIN3/RIN3 pins (AIN3 bt = “17);
MDIF1=MDIF2 bits = “0” (Single-endednpus)
Input MGAIN1-Obits="00" | 40 |80 | ......80 | __ kQ
Resistance| MGAIN1-0 bits = “01”, “10”or “11” 20 30 40 kQ
MGAINL-Obts="00" | S I R dB__
Gain | MGAINLObts="01" [ w0 dB__
MGAINL-Obits="10" : +26 - dB
MGAIN1-O bits=*11" [ P T dB
MIC Amplifier: IN1+/IN1-/IN2+/IN2— pins; MDIF1 = MDIF2 bits = “1” (Full-differenial inpu}
Maximum Input Voltage (Note 8)
MGAINLObis="01" [ S S 0228 [ Vpp__
MGAINL-Obits="10" - : 0.114 Vpp
MGAIN1-0 bits=*11" [ - - 0.057 | Vpp
MIC Power Supply: MPWR pin
Output Voltage (Note 9) 2.22 2.47 2.72 V
Load Resistance 0.5 - - kQ
Load Capacitance - - 30 pF

ADC Analog Input Characteristics: LIN1/RIN1/LIN

2/RIN2/LIN4/RIN4 pins & LIN3/R
— ADC — IVOL, IVOL=0dB, ALC=OFF

IN3 pins (AIN3 bt = “17)

Resdution - - 16 Bits
(Note11) | ( 0.168 | _____ 0198 | ......0228 | . Vpp___
InputVoltage (Note 10) (Note 12) 168 1.98 228 Vpp
(Note11, LINIRINI/LINZ/RINZ) | 83 ] dBFS
S/(N+D) ((Note 11, LIN3RINS/LINA/RIN4) | R R 83 ] dBFS _
(-1dBFS) _(Note 12, except for LIN3/RIN3) | SR S 88 ]! dBFS
(Note 12, LIN3RIN3) - 72 - dBFS
i et (Note11) | % | 8 | - dB
D-Range (60dBFS, A-weghted) (Note 12) E 95 g dB
wei (Notell) | 6 .86 | | dB___
S/N (A-weighted) (Note 12) : 95 : 4B
Interchannellsolation (Notedl) | AT IS ESS N aB__
(Note 12) - 100 - dB
M (Notell) | SRS ST 0.1 | ... 08 | ___ dB_
Interchamel GainMismatch (Note 12) - 01 08 4B

Note 8. The vdlage diference bateen IN12+ and IN12- pins. ACcouplng capador shoull be nsered in seres at
each input pin. Full-differential ra input is not available at MGAIN1-Gtb = “00”. Maximum input voltage of
IN1+, IN1-, IN2+ and IN2 pins are proporonalto AVDD voltage, respectely.
Vin = 0.069 x AVDD (nax)@MGAIN1-0 bits = “01”, 0.035 x AVDD (max) @MGAIN1-0 bits = “10”, 0.017 x

AVDD (max)@MGAIN1-0 bits = “11".

When te spgnallarger han above vale isinputto IN1+, IN1-, IN2+ or IN2- pin, ADC does nobpera¢

normelly.

Note 9. Ouput voltage i proportonalto AVDD voltage. Vout= 0.75 x AVDD (¥p)
Note 10. Inputvoltage i proportonalto AVDD voltage.Vin = 0.06 x AVDD (yp)@MGAIN1-0 bits = “01” (+20dB),
Vin = 0.6 x AVDD(typ) @ MGAIN1-0 bits = “00” (0dB)

Note 11. MGAIN1-0 bits = “01” (+20dB)
Note 12. MGAIN1-0 bits = “00” (0dB)
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Parameter | min | typ | max | Units
DAC Characteristics:

Resadution | - | - | 16 | Bits

Stereo Line Output Characteristics: DAC —» LOUT/ROUT pins, ALC=OFF,YOL=0dB, DVOL=0dB, LOVL bit =
“0”, LODIF bit = “0”, R, =10k (Single-ended)unless dherwise spedied.

Output Voltage (Note 13) [LoVLbit="0" [ 178 [ 198 [ 218 | Vpp
LOVL bit =“1" 2.25 2.50 2.75 Vpp
S/(N+D) 3dBFS) 78 88 - dBFS
SN (A-weighted) 82 92 - dB
Interchannellsolation 80 100 - dB
InterchannelGan Mismatch - 0.1 0.5 dB
Load Resistance 10 - - kQ
Load Capacitance - - 30 pF

Mono Line Output Characteristics: DAC — LOP/L

ON pins, ALC=0OFF, IVOL&dB, DVOL=0dB, LOVL bit = “0",

LODIF bit = 1", R =10k for each pin (Full-differential)
Output Voltage Note 14) [LOVLbit="0" [ 352 | 396 [ 436 | Vpp
LOVL bit ="1" - 5.00 - Vpp
S/(N+D) 3dBFS) 78 88 - dBFS
SN (A-weighted) 85 95 - dB
Load Resistance (LOP/LON pins, respectively) 10 - - kQ
Load Capacitance (LOP/LON pins, respectively) - - 30 pF

Note 13. Ouput voltage & proportonalto AVDD voltage. Vout= 0.6 x AVDD (yp)@LOVL bit = “0".
Note 14. Ouputvoltage sproportonalto AVDD voltage.Vout= (LOP)— (LON) = 1.2 x AVDD (typ) @LOVL bit = “0".
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Parameter | min | typ | max | Units
Headphone-Amp Characteristics: DAC — HPL/HPR pins, ALC=OFF, IVOL8dB, DVOL=0dB, VBAT bit = “0";
unless otherwise specified.
Output Voltage (Note 15)
HPG bit = “0”, 0dBFS, HVDD=3.3V, R=22.82 | 158 | 198 | 238 | Vpp
240 S 300 | 3.60 | __ Vpp__
, 0dBFS, HVDD=3.3V, R=160 (Po=62nW) | SRR ST 10 | o] Vrms
HPG bit = “1", 0dBFS, HVDD=5V, R=16Q (Po=70n) - 1.06 - Vrms
S/(N+D)
HPG bit = “0”,-3dBFS, HYDD=3.3V, R=22.8) | 60 | 70 | - dBFS
,—3dBFS, HVDD=5V, R=1002 | SRR 80 | -] dBFS
R SRR U 20 o]t dBFS
HPG bit = 1", 0dBFS, HVDD=5V, R=16Q (Po=70mn) - 70 - dBFS
wei | (Note16) | 80 .8 | | dB___
S/N (A-weighted) (Note 17) - % - 4B
i | (Note16) | __ 65 s aB____
Interchannellsolation (Note 17) - 80 - dB
i i L _(_l\_l_()_t_e_ _1_@ ___________ RS S, Q '_:_L _________________ Q '_8 ___________ (_jB -
Interchamel GainMismatch (Note 17) - 01 08 4B
Load Resistance 16 - - Q
i ClinFigure2 | NN IR SRR RN 30 | L
Load Capacitance C2in Figure 2 - - 300 pF
Note 15. Ouput voltage & proportonalto AVDD voltage.
Vout = 0.6 x AVDD(typ) @HPG bit = “0, 0.91 x AVDD(typ) @HPG bit = *“1”.
Note 16. HPG bit = “0”", HYDD=3.3V, R=22.90.
Note 17. HPG bit = “1", HYDD=5V, R=10Q2.
HP-Amp
HPL/HPR pin Measurement Point
4TuF
6.8Q
c1 0.22uF c2 16
I %109 I
Figure 2. Headphone-Apoutput circuit
MS0605-E-00 200706
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AKM
Parameter | min typ max | Units
Mono Input: MIN pin (AIN3 bit = “0”; External Input Resistance=20K)
Maximum Input Voltage (Note 18) | - 1.98 - | Vpp
Gain (Note 19)
MIN = LOUT/ROUT LOVL bit =“0" -4.5 0 +4.5 dB
LOVLbit="1" | - | w2 |- dB
MIN > HPL/HPR HPGbit="0" | 245 | 20 | 155 | dB
HPG bit =“1” - -16.4 - dB
Stereo Input: LIN2/RIN2/LIN4/RIN4 pins; LIN3/RIN3 pins (AIN3 bt = “1")
Maximum Input Voltage (Note 20) | 1.98 - | Vpp
Gain
LIN/RIN - LOUT/ROUT LOVL bit =*“0” -4.5 0 +4.5 dB
LovLbit="1" | - | w2 |- dB
LIN/RIN - HPL/HPR HPG bit =*“0” -4.5 0 +4.5 dB
HPGbit="1" [ - | +36 | - | dB
Full-differential Mono Input: IN4+/— pins (LADIF bt = “1")
Maximum Input Voltage (Note 21) | - 3.96 - |  Vpp
Gain
IN4+/~> LOUT/ROUT | LOVLbit="0" [ 105 | % | 15 | dB
(LODIF bit =“0") LOVL bit =*“1” - -4 - dB
IN4+/- > LOP/LON LOVL bit =*“0” -4.5 0 +4.5 dB
(LODIF bit=*1", Note22) [LOVLbit="1"| - | w2 |- dB
IN4+/~ > HPL/HPR HPGbit="0" | 105 | 6 | 15 | dB__
HPG bit = “1” - —2.4 - dB
Power Supplies:
Power-Up (PDN pi = “H")
All Circuit Power-up:
AVDD+DVDD+TVDD (Note 23) - 16 24 mA
HVDD: HP-Amp Normal Operation
No Ou?put Note 24?) i 5 8 mA
Power-Down (PDN pi = “L") (Note 25)
| AVDD+DVDD+TVDD+HVDD | - 1 100 | LA

Note 18. Maximum voltage isin proporton © both AVDD and ex¢rnal inputresstance(Rin). Vin= 0.6 XxAVDD x Rin

/ 20kQ (typ).

Note 19. The gai isin inverse propoitn 0 extrnal inputresstance.
Note 20. Maximum Inputvoltage s proportonalto AVDD voltage. Vout= 0.6 x AVDD (yp).
Note 21. Maximum Inputvoltage & proportonalto AVDD voltage. Vout= (IN4+) — (IN4-) = 1.2 x AVDD (typ). The
signak with sane anplitude andnvered phase shodlbe hputto IN4+ and IN4- pins, respedtely.
Note 22. Vout= (LOP)- (LON) at LODIF bit = “1".
Note 23.PLL Master Mode (MCK1=12.288MHz) and PMADL = PMADR = PMDAC = PMLO = PMHPL = PMHPR=
PMVCM = PMPLL = MCKO = PMMIN = PMMP = M/S lits = “1". MPWR pin outputs OmA.
AVDD=11mA(typ), DVDD=3mA(typ), TVDD=2mA(typ).
EXT Slave Mode (PMPLL = M/S = MCKO bits = “0”): AVDD=10mA(typ), DVDD=3mA(typ),

TVDD=0.03mA(typ).

Note 24. PM\DL = PMADR = PMDAC = PM.O = PMHPL = PMHPR = PWCM = PMPLL = PMMIN bits = “1".
Note 25. All digital inputpins are fked b TVDD or HVSS.

MS0605-E-00
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W Power Consumption for each operation mode

[AK4645EZ]

Condions: Ta=25C; AVDD=DVDD=TVDD=HVDD=3.3V; AVSS=HVSS=0V; fs44.1kHz, External Slave &tle,
BICK=64fs;1kHz, 0dB-S nput Headphone = No optit

PowerManagenent Bit
I I I I
o I o o 5
o o — N Gg)
00— | Q0= | 0=|0=| o
Mode HEEEHEEEE
= | > Ol a| 0| x |x CI) g NIE[Q2]3 E <= | o= | F=| = g £
O|lE|lo|l<|ala|lac|a|2|2|Z2|2|Z2|2|Z2|Z2 [
S|s|a|lgl<|ZT|Z|<|S|S|2|2|=2|2|=2|<
S|IS|S|S|=2|S|S|=2|S|S|l=|2|=|=2|=2|=2
[ TR o T By n W I o ) I a N I o R o | [ T o T O o T N O o O o O A0 Y
All Power-down oloJo[oJo[]o]o]oJo]o|]o] o] o] of of o 0 0 0 0 0
DAC > Lineout 1/ol1]1]o]loJoJo[o]o]o][o] o] o] of] o] & 18 | 003 | 02 | 212
DAC > HP 1/oflofl1]lofl1]1]o[o]o]o][ o] of ofl] of] of = 1.8 | 003 5 35.1
LIN2/RIN2 > HP 1/oflojoflofl1]1]ofo]lo]a[1] o] o] of] o] ® 0 0 5 22.8
LIN2RIN2>ADC | 1]ofJofJof[1[ofof1]o[o]lo]o] o] of o] o] ® 16 | 003 | 02 [ 242
LINL(Mono)>ADC |1 [ oJoJof[1[o]ofoJo[o|l o] o] o] of] o] of] = 15 | 003 | 02 [ 17.3
LIN2/RIN2 > ADC
&DAC - HP 1/ofjof1f1f1|1|2|0|l0|0|]O0O| O] Of 0f of & 27 | 003 5 529
Table 1. Power Consuption for each operation ade (typ)
MS0605-E-00 200706
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FILTER CHARACTERISTICS

(Ta=25C; AVDD, DVDD=2.6~ 3.6V; TVDD=1.6~ 3.6V; HVDD=2.6~ 5.25V;fs=44.1kHz,DEM=0OFF;

FIL1=FIL3=EQ=0FF)

Parameter Symbol min | typ | max | Units

ADC Digital Filter (Decimation LPF):

PassbandNote 26) +0.16dB PB 0 - 17.3 kHz
—-0.66dB - 19.4 - kHz
-1.1dB - 19.9 - kHz
—6.9dB - 22.1 - kHz

Stopband SB 26.1 - - kHz

Passband iRple PR - - +0.1 dB

Stopband Atenuaton SA 73 - - dB

Group Dedy (Note 27) GD - 19 - 1ffs

Group Dedy Distortion AGD - 0 - us

ADC Digital Filter (HPF): (Note 28)

FrequencyResponselote 26) | —3.0dB FR - 0.9 - Hz
-0.5dB - 2.7 - Hz
—0.1dB - 6.0 - Hz

DAC Digital Filter (LPF):

PassbandNote 26) +0.1dB PB 0 - 19.6 kHz
-0.7dB - 20.0 - kHz
—6.0dB - 22.05 - kHz

Stopband SB 25.2 - - kHz

Passband iRple PR - - +0.01 dB

Stopband Atenuaton SA 59 - - dB

Group Dedy (Note 27) GD - 25 - 1/fs

DAC Digital Filter (LPF) + SCF:

FrequencyResponse ~ 20.0kHz FR - | +1.0 | - | dB

DAC Digital Filter (HPF): (Note 28)

FrequencyResponsellote 26) | —3.0dB FR - 0.9 - Hz
—-0.5dB - 2.7 - Hz
—0.1dB - 6.0 - Hz

BOOST Filter: (Note 29)

FrequencyResponse | MIN | 20Hz FR - 5.76 - dB
100Hz - 2.92 - dB
1kHz - 0.02 - dB

MID | 20Hz FR - 10.80 - dB
100Hz - 6.84 - dB
1kHz - 0.13 - dB

MAX | 20Hz FR - 16.06 - dB
100Hz - 10.54 - dB
1kHz - 0.37 - dB

Note 26. The passband anadgband frequenes scak with fs (system sanpling rat).

For exanple, DACis PB=0.454*fs (@-0.7dB). Each response refexsthat of 1kHz.
Note 27. The calculated delay Brnaused bdigital filtering. This tine is fromtheinput of analog signal to setting of the

16-bit dat of boh channed from the inputregister o the ouput regster of he ADC. Thistime includes he
group delay of the HPF. For the DAC, this ¢iis fromsetting the 16-bit data of both channels frisra input
register © the ouput of anabg sgnal Group dedy of DAC partis 25fs(typ) at PMADL=PMADR bits = “0".
Note 28. When PMADL bit = “1” or PMADR bit = “1”, the HPF of ADCis enabéd butthe HPF of DACis disabkd.
When PMADL=PMADR bits = “0”, PMDAC bit = “1”, tle HPF of DACis enabéd butthe HPF of ADCis

disabkd.

Note 29. These frequenagsponses salvith fs. If a hgh-level signalisinput, the anabg ouputclips o the full-scak at

low frequency

MS0605-E-00
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DC CHARACTERISTICS

(Ta=25C; AVDD, DVDD=2.6~ 3.6V; TVDD=1.6~ 3.6V; HVDD=2.6~ 5.25V

Parameter Symbol min typ max Units
High-LevellnputVoltage | 2.2V<TVDD<3.6V | VIH | 70%TvDD | - -l -] Vo
1.6V<TVDD<2.2V VIH 75%TVDD - - V
Low-LevelInputVoltage | 22V<TVDD<36V_| WVIL [ S - |.3mTvDD | Vv
1.6V<TVDD<2.2V VIL - - 25%TVDD V
High-LevelOutput Voltage (lout=—200uA) | VOH TVDD-0.2 - - \Y,
Low-Level Output Voltage
(ExceptSDA pin: lout=20QuA) | VOL - - 0.2 Vv
(SDA pin: lout=3mA) | VOL - - 0.4 V
Input Leakage @rrent lin - - +10 pA

SWITCHING CHARACTERISTICS

(Ta=28C; AVDD, DVDD=2.6~ 3.6V; TVDD=1.6~ 3.6V; HVDD=2.6~ 5.25V; C, =20pF;unless oterwise spedied)

Parameter | Symbol | min typ | max | Units
PLL Master Mode (PLL Reference Clock = MCKI pin)
MCKI Input Timing
Frequency fCLK 11.2896 - 27 MHz
Pulse Width Low tCLKL 0.4fCLK - - ns
Pulse Width High tCLKH 0.4fCLK - - ns
MCKO Output Timing
Frequency fMCK 0.2352 - 12.288 MHz
Duty Cycle
Except256fs atfs=32kHz, 29.4kHz dMCK 40 50 60 %
256fs atfs=32kHz, 29.4kHz dMCK - 33 - %
LRCK Output Timing
Frequency fs 7.35 - 48 kHz
DSP Mode:Puke Width High tLRCKH - tBCK - ns
Except DSP Mode: Duty Cycle Duty - 50 - %
BICK Output Timing
Perod BCKO bit = *“0” tBCK - 1/(32fs) - ns
BCKO bit ="1" tBCK - 1/(64fs) - ns
Duty Cycle dBCK - 50 - %
PLL Slave Mode (PLL Reference Clock = MCKI pin)
MCKI Input Timing
Frequency fCLK 11.2896 - 27 MHz
Pulse Width Low tCLKL 0.4fCLK - - ns
Pulse Width High tCLKH 0.4fCLK - - ns
MCKO Output Timing
Frequency fMCK 0.2352 - 12.288 MHz
Duty Cycle
Except256fs atfs=32kHz, 29.4kHz dMCK 40 50 60 %
256fs atfs=32kHz, 29.4kHz dMCK - 33 - %
LRCK Input Timing
Frequency fs 7.35 - 48 kHz
DSP Mode:Puke Width High tLRCKH | tBCK-60 - 1/fs —tBCK ns
ExceptDSP Mode:Duty Cycle Duty 45 - 55 %
BICK Input Timing
Perod tBCK 1/(64fs) - 1/(32fs) ns
Pulse Width Low tBCKL 0.4 x BCK - - ns
Pulse Width High tBCKH | 0.4 x BCK - - ns
MS0605-E-00 200706
-13 -
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Parameter | Symbol | min typ max | Units
PLL Slave Mode (PLL Reference Clock = LRCK pin)

LRCK Input Timing
Frequency fs 7.35 - 48 kHz
DSP Mode:Puke Width High tLRCKH | tBCK-60 - 1/fs - tBCK ns
ExceptDSP Mode:Duty Cycle Duty 45 - 55 %
BICK Input Timing
Perod tBCK 1/(64fs) - 1/(32fs) ns
Pulse Width Low tBCKL 130 - - ns
Pulse Width High tBCKH 130 - - ns
PLL Slave Mode (PLL Reference Clock = BICK pin)
LRCK Input Timing
Frequency fs 7.35 - 48 kHz
DSP Mode:Puke Width High tLRCKH | tBCK-60 - 1ffs-tBCK ns
ExceptDSP Mode:Duty Cycle Duty 45 - 55 %
BICK Input Timing
Perod PLL3-0 bis="0010" tBCK - 1/(32fs) - ns
PLL3-0 bits="0011" tBCK - 1/(64fs) - ns
Pulse Width Low tBCKL 0.4 x BCK - - ns
Pulse Width High tBCKH | 0.4 x BCK - - ns
External Slave Mode
MCKI Input Timing
Frequency | 256fs fCLK 1.8816 - 12.288 MHz
512fs fCLK 3.7632 - 13.312 MHz
1024fs fCLK 7.5264 - 13.312 MHz
Pulse Width Low tCLKL 0.4fCLK - - ns
Pulse Width High tCLKH 0.4fCLK - - ns
LRCK Input Timing
Frequency | 256fs fs 7.35 - 48 kHz
512fs fs 7.35 - 26 kHz
1024fs fs 7.35 - 13 kHz
DSP Mode:Puke Width High tLRCKH | tBCK-60 - 1fs—-tBCK ns
ExceptDSP Mode:Duty Cycle Duty 45 - 55 %
BICK Input Timing
Perbd tBCK 3125 - - ns
Pulse Width Low tBCKL 130 - - ns
Pulse Width High tBCKH 130 - - ns
External Master Mode
MCKI Input Timing
Frequency | 256fs fCLK 1.8816 - 12.288 MHz
512fs fCLK 3.7632 - 13.312 MHz
1024fs fCLK 7.5264 - 13.312 MHz
Pulse Width Low tCLKL 0.4fCLK - - ns
Pulse Width High tCLKH 0.4fCLK - - ns
LRCK Output Timing
Frequency fs 7.35 - 48 kHz
DSP Mode:Puke Width High tLRCKH - tBCK - ns
Except DSP Mode: Duty Cycle Duty - 50 - %
BICK Qutput Timing
Perd BCKO bit = “0” tBCK - 1/(32fs) - ns
BCKO bit = “1" tBCK - 1/(64fs) - ns
Duty Cycle dBCK - 50 - %
MS0605-E-00 200706
-14 -
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Parameter | Symbol | min | typ | max | Units
Audio Interface Timing (DSP Mode)
Master Mode
LRCK “T" to BICK “T" (Note 30) tDBF |0.5XxBCK—-40| 0.5xtBCK [ 0.5xBCK+40| ns
LRCK “T” to BICK “J” (Note 31) tDBF | 0.5xBCK -40| 0.5 xtBCK | 0.5xBCK+40| ns
BICK “T" to SDTO (BCKP bit = “0”) tBSD =70 - 70 ns
BICK “1” to SDTO (BCKP bit = “1") tBSD -70 - 70 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Setp Time tSDS 50 - - ns
Slave Mode
LRCK “T” to BICK “T” (Note 30) tLRB 0.4 x BCK - - ns
LRCK “T" to BICK “J" (Note 31) tLRB 0.4 x BCK - - ns
BICK “T” to LRCK “T” (Note 30) tBLR 0.4 x BCK - - ns
BICK “1” to LRCK “T" (Note 31) tBLR 0.4 x BCK - - ns
BICK “T” to SDTO (BCKP bit = “0") tBSD - - 80 ns
BICK “{” to SDTO (BCKP bit = “17) tBSD - - 80 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Seup Time tSDS 50 - - ns
Audio Interface Timing (Right/Left justified & IS)
Master Mode
BICK “J” to LRCK Edge (Note 32) tMBLR -40 - 40 ns
LRCK Edge to SDTO (MSB) tLRD -70 - 70 ns
(Except fS nmode)
BICK “{” to SDTO tBSD -70 - 70 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Seup Time tSDS 50 - - ns
Slave Mode
LRCK Edge to BICK “T” (Note 32) tLRB 50 - - ns
BICK “71” to LRCK Edge (Note 32) tBLR 50 - - ns
LRCK Edge to SDTO (MSB) tLRD - - 80 ns
(Except fS node)
BICK “{” to SDTO tBSD - - 80 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Setup Time tSDS 50 - - ns

Note 30. MSBS, BCKP bis=“00" or “11".
Note 31. MSBS, BCKP bis=“01" or “10".
Note 32. BCK rising edge rast notoccur athe sane time as LRCK edge.

MS0605-E-00 200706
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Parameter | Symbol | min typ max | Units

Control Interface Timing (3-wire Serial mode)
CCLK Peridal tCCK 200 - - ns
CCLK Pulse Width Low tCCKL 80 - - ns

Pulse Width High tCCKH 80 - - ns

CDTI Seup Time tCDS 40 - - ns
CDTI Hold Time tCDH 40 - - ns
CSN “H” Time tCSwW 150 - - ns
CSN Edje to CCLK “T" (Note 34) tCSS 50 - - ns
CCLK “1” to CSN Edge Note 34) tCSH 50 - - ns

Control Interface Timing (I’C Bus mode): (Note 33)
SCQL Clock Frequency fSCL - - 400 kHz
Bus Free Tim Between Transissions tBUF 1.3 - - us
Start Condition Hold Time (prior to firstclock puke) | tHD:STA 0.6 - - us
Clock Low Time tLOW 1.3 - - us
Clock High Time tHIGH 0.6 - - us
Seup Time for Repeaed Sart Condition tSU:STA 0.6 - - us
SDA Hold Time from SCL Falling Note 35) tHD:DAT 0 - - us
SDA Setip Time from SCL Rising tSU:DAT 0.1 - - us
Rise Time of Both SDA and SC Lines tR - - 0.3 us
Fal Time of Both SDA and SC Lines tF - - 0.3 us
Seup Time for Sbp Condition tSU:STO 0.6 - - us
Capacitive Load on Bus Cb - - 400 pF
Pulse Wdth of Spike Noise Suppressed by Inpilter tSP 0 - 50 ns

Power-down & Reset Timing
PDN Puse Width (Note 36) tPD 150 - - ns
PMADL or PMADR “1” to SDTO \alid (Note 37) tPDV - 1059 - S

Note 33. FC is a registered trademk of Philips Sefizonductors.

Note 34. GCLK rising edge rast notoccur athe sane time as GN edge.

Note 35. Data mwst be held long enough twidge the 300ns-transition témof SCL.

Note 36. The AK4645 can be redst the PDN pn = “L".

Note 37. Thiisthe countof LRCK “1” from the PMADL or PMADR bit = “1”.

MS0605-E-00 200706
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W Timing Diagram

1/fCLK

1/fs

LRCK ~ 50%TVDD
tLRCKH tLRCKL
< P »  Duty = tLRCKH x fs x 100
tLRCKL x fs x 100
1/fMCK

oo R s W 50%TVDD

dMCK = tMCKL x fMCK x 100

Figure 3. Qock Timing (PLLEXT Master node)
Note 38. MCKO is notavalable atEXT Master node.

tLRCKH

LRCK -~ / / ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 50%TVDD

tDBF tBCK

BICK
(BCKP ="0")

. 50%TVDD

BICK
(BCKP ="1")

SDTO >< fffffffffffffffffffffffffffffffffffffffffffff < MSB 50%TVDD

50%TVDD

Figure 4. Audio Interface Timg (PLL/EXT Master node, DSP rade, MSBS = “0")
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t{LRCKH

LRCK - , / ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 509%TVDD

. tDBF | tBCK
BICK 509%TVDD
(BCKP ="1")
BICK 50%TVDD
(BCKP ="0")
SDTO ---remsemsemseoses >< ———————————————————————————————————————————— - MSB >< 50%TVDD
tSDH
VIH
VIL

Figure 5. Audio Interface Timg (PLL/EXT Master node, DSP rade, MSBS = “1")

Lo 50%TVDD

50%TVDD

50%TVDD

Figure 6. Audio Interface Timg (PLLEXT Master node, Except DSP ate)
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1/fs
C ”
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, > >, AN N m e VIH
LRCk /| NN NN\ VIL
C
)
< tLRCKH > tBLR |
tBCK
BICK
(BCKP ="0") 7/

BICK
(BCKP ="1")

1/fs
cc 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, > >, A NN Y VIH
LRCK /| ] NOOVANN NN\ VIL
C
b))
, tLRCKH tBLR
tBCK
BICK
(BCKP ="1") 774"

BICK
(BCKP ="0")

Figure 8. Cock Timing (PLL Shve node;PLL Reference @ock = LRCK or BICK pin, DSP node, MSBS = “1")
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1/fCLK

[AK4645EZ]

Duty = tLRCKH x fs x 100
=tLRCKL x fs x 100

AN 50%TVDD

dMCK = tMCKL x fMCK x 100

Figure 9. Cock Timing (PLL Shve node;PLL Reference Gock = MCKI pin, ExceptDSP node)

LRCK

BICK

(BCKP ="0")

BICK
(BCKP ="1")

SDTI

tLRCKH

VIH
VIL

MSB ool 50%TVDD

Figure 10. Audio Interface Timg (PLL Slave rode, DSP rade; MSBS = “0")
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tLRCKH

[

———————————————————————————————— AN VIH
ffffffffffffffffffffffffffffffff AN VIL

LRCK

BICK

(BCKP ="1")

BICK
(BCKP ="0")

- MSB - 509%TVDD

tSDS

Figure 11. Audio Interface Timg (PLL Slave rode, DSP rade, MSBS = “1")

1/fCLK

tLRCKH tLRCKL Duty = tLRCKH x fs x 100
= o o tLRCKL x fs x 100

tBCK

Figure 12. @ock Timing (EXT Shve node)
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LRCK

BICK

SDTO

SDTI

Figure 13. Audio Interface Timg (PLLEXT Slave node, Except DSP ate)
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff VIH
CSN
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff VIL

tCSH tCSS tCCKL  tCCKH

B R 7 VIH
CDTI Co R/W
N o e VIL
Figure 14. WRITE Command InputTiming
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Figure 15. WRITE Daia Input Timing

,,,,,,,,,

,,,,,

77777777777777777777777777

| > T | e
tHD:STA tHD:DAT tSU:DAT  tSU:STA |

Figure 16. 1C Bus Mode Timing

PMADL bit
or
PMADR bit

tPDV

T Lo B 5096TVDD

Figure 17. Power Down & &etTiming 1

Figure 18. Power Down & &etTiming 2
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I OPERATION OVERVIEW

W System Clock

There are the following four clockadesto interface with external deviceEgble 2 andlable 3).

Mode PMPLL hit M/S hit PLL3-0 hits Figure
PLL Master Mode Note 39) 1 1 Tabke 5 Figure 19
PLL Slave Mode 1 .

(PLL Reference @ock: MCKI pin) 1 0 Table 5 Figure 20
PLL Slave Mode 2 Figure 21
(PLL Referere Clak: LRCK or BICK pin) ! 0 Table 5 Figure 22
EXT Slave Mode 0 0 X Figure 23
EXT Master Mode 0 1 X Figure 24

Note 39. If M/S bit =“1", PMPLL bit = “0” and MCKO bit = “1” during the seting of PLL Master Mode, nvalid clocks
are ouput from MCKO pin when MCKO bit is“1”".
Table 2. Gock Mode Seing (x: Don't care)

Mode MCKO bit | MCKO pin | MCKI pin BICK pin LRCK pin
0 “L” Output
PLL Master Mode 1 Selected by FS)EII_eSC_'gac;it)g/ (Selected by O&g;t
PS1-0 bits BCKO bit)
PLL Slave Mode 0 Selelczted by Selected by Input Input
(PLL Reference @ock: MCKI pin) 1 PS1-0 bits PLL3-0 bits (= 32fs) (1fs)
Input
PLL Slave Mode Input
. . 0 “L” GND (Selected by
(PLL Referere Clak: LRCK or BICK pin) PLL3-0 bits) (1fs)
oy Selected by Input Input
EXT Slave Mode 0 L FS1-0bits | (> 32fs) (1fs)
Output
EXT Master Mode 0 “L” SFeSI?L(-:E)eSitZy (Selected by CHE[)H
BCKO bit)

Table 3. Gock pins sate in Clock Mode

B Master Mode/Slave Mode

The M/S bit selects eitheraster or slve node. M/S bit = “1” selectmastermode and “0” selects slaveade. WWhen the
AK4645 is power-down wde (PDN pin ZL") andexitsresetstate, the AK4645 is slaveade. After exiting reset state,
the AK4645 goesa master mode bychangng M/S bit = “1”.

When the AK4645 is used onaster node, LRCK and BICK pisarea floating state untiM/S bit becones “1”. LRCK
andBICK pinsof the AK4645 shoutl be puled-down or puled-up bythe resstor (aboutl00kY) exterrally to awid the

floaing sate.
M/S bit Mode
0 ShveMode
1 Master Mode
Table 4. SetctMaster/Slave Mode
MS0605-E-00
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B PLL Mode (AIN3 bit = “0”, PMPLL bit = “1")

[AK4645EZ]

When PMPLL bit is“1”, a fully integrated anabg phasedcked lbop (PLL) generas a cbck thatis sekcied bythe
PLL3-0 ard FS30 bits. The PLL lock time is stown in Table 5, whenevethie AK4645 § suppled to a sable clocksafter
PLL is powered-up (PMPLL bit = “0* “1”) or sanpling frequencychanges. \Wen AIN3 bi = “1”, the PLL is ot

available.
1) Seting of PLL Mode
PLL3 | PLL2 | PLL1 | PLLO | PLL Reference]  Input Rand Cof | PLL Lock
Mode ; . . . . VCOC pin Time
bit bit bit bit | Clock InputPin Frequency

R[Q] | C[F] (max)

0 0 0 0 0 LRCK pin 1fs 6.8k | 220n 160ms Defaul
2 0 0 1 0 BICK pin 32fs 10k | 4.7n 2ms
10k 10n 4ms
3 0 0 1 1 BICK pin 64fs 10k | 4.7n 2ms
10k 10n 4ms
4 0 1 0 0 MCKI pin 11.2896MHz 10k 4.7n 40ns
5 0 1 0 1 MCKI pin 12.288VHz 10k 4.7n 40ms
6 0 1 1 0 MCKI pin 12MHz 10k | 4.7n 40ms
7 0 1 1 1 MCKI pin 24MHz 10k 4.7n 40ms
8 1 0 0 0 MCKI pin 19.2MHz 10k 4.7n 40ms
12 1 1 0 0 MCKI pin 13.5MHz 10k 10n 40ms
13 1 1 0 1 MCKI pin 27MHz 10k 10n 40ns
14 1 1 1 0 MCKI pin 13MHz 10k | 220n 60ms
15 1 1 1 1 MCKI pin 26MHz 10k | 220n 60ms

Others Others N/A

Table 5. Seting of PLL Mode (*fs: Sanpling Frequency

2) Seting of sarpling frequencyn PLL Mode
When PLL reference otk inputis MCKI pin, the sanpling frequencyis sebcted byFS3-0 bis as defied n Table 6.

Mode

FS3 bit

FS2 bit

FS1 bit

FSO bt

Sanpling Frequency

8kHz

12kHz

16kHz

24kHz

7.35kHz

11.025kHz

14.7kHz

22.05kHz

32kHz

48kHz

PR
RIEIBNlo|u|s|w|dF o

29.4kHz

15

PP IPIPO|O|lO|O|O|0O|O|O

PP IO|IOR|k|k|F|IO|lO|O|O

PIPRPPRRPRO|IO|FR|FRIO|IOC

R O|FR|IOR|O|R|O|rR|o|r|o

44.1kHz

Others

Others

N/A

Defaut

Table 6. Seing of Sampling Frequencyat PMPLL bit = “1” (Reference ck = MCKI pin)
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When PLL reference otk inputisLRCK or BICK pin, the sanpling frequencys sekecied byFS3 and FS1-0 ti (Table

7).
Mode FS3 bt FS2 bt FS1bt | FSObt | Sanpling FrequencyRrange
0 0 Don’tcare 0 0 7.35kHz< fs < 8kHz Defaut
1 0 Don’'tcare 0 1 8kHz < fs< 12kHz
2 0 Don'tcare 1 0 12kHz < fs< 16kHz
3 0 Don’tcare 1 1 16kHz < fs< 24kHz
6 1 Don'’tcare 1 0 24kHz < fs< 32kHz
7 1 Don'tcare 1 1 32kHz < fs< 48kHz

Others Others N/A
Table 7. Sding of Sarpling Frequencyat PMPLL bit = “1” (Reference ck = LRCK or BICK pin)

B PLL Unlock State

1) PLL Master Mode (AIN3 bt = “0”; PMPLL bit = “1", M/S bit = “1")

In this mode, LRCK and BCK pins go b “L” and irregulr frequencyclock is output from MCKO pins atMCKO bit is
“1” before the PLL goes tlock state after PMPLL bit = “0* “1”. If MCKO bit is “0”, MCKO pin goes to “L” (Table
8).

After the PLL islocked,thefirstperiod of LRCK and BCK may be nvalid clock butthese abcks retirn to normel siate
after a perod of 1fs.

When sarpling frequencyis changed, BCK and LRCK pinsdo notoutputirregular frequencyclocks butgo b “L” by
settirg PMPLL ht to “0”.

MCKO pin . .
PLL State MCKO bii = 0" MCKO bit =17 BICK pin LRCK pin
After that PMPLL ht “0” = “1” “L” Output Invalid “L” Qutput “L” Qutput
PLL Unlock (excepicase above) “L” Output Invalid Invalid Invalid
PLL Lock “L” Output Table 10 Table 11 1fs Ouput

Table 8. Gock Operabn atPLL Master Mode (PMPLL bit = “1”, M/S bit = “1")
2) PLL Shve Mode (AIN3 bt = “0”, PMPLL bit = “1”, M/S bit = “0”)
In thismode, anmnvalid clock is ouput from MCKO pin before lhe PLL goesd lock state afer PMPLL bit = “0” - “1”.

Then, the clock selected Byable 10is outputfrom MCKO pin when PLL $ locked. ADCand DACoufputinvalid dag
when the PLL is unlocked. For DA@e output signal should beured bywriting “0” to DACL and DACH bits.

MCKO pin
PLL State MCKO bit = “0” | MCKO bit = “1"
Just after PMPLL bit “0> “1” “L” Output Invalid
PLL Unlock (exceptcase above) “L” Out put Invalid
PLL Lock “L” Output Output

Table 9. Gock Operabn atPLL SlaveMode (PMPLL bit = “0”, M/S bit = “0”)

MS0605-E-00 200706
-26-

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159605/ak4645ez.html

AKM [AK4645EZ]

W PLL Master Mode (AIN3 bit = “0”, PMPLL bit = “1”, M/S bit = “1")

When an exdrnal clock (11.2896MHz, 12MHz, 12.288MHz, 13MHz, 13.5MHz, 19.2Miz, 24MHz, 26MHz or 27MHz)
isinputto MCKI pin, the MCKO, BICK and LRCK clocks are genered by an nternal PLL circuit. The MCKO output
frequencyis sekcied byPS1-0 bis (Table 10) andtie ouputis enabéd by MCKO bit. The BCK output frequencyis
sekcid betveen 32fs or 64fs, bBCKO bit (Table 11).

11.2896MHz, 12MHz, 12.288MHz, 13MHz,

13.5MHz, 19.2MHz, 24MHz, 26MHz,
27MHz

AK4645 DSP or uP
MCKI
MCKO
BICK
LRCK
SDTO
SDTI
Figure 19. PLL Mster Mode
Mode PS1 bi PSO bi MCKO pin
0 0 0 256fs Defaul
1 0 1 128fs
2 1 0 64fs
3 1 1 32fs
Table 10. MCKO Output FrequencyPLL Mode, MCKO bit = “1")
BCKO bit BICK Output
Frequency
0 32fs Defaut
1 64fs

Table 11. BCK Output Frequencyat Master Mode

MS0605-E-00 200706
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W PLL Slave Mode (AIN3 bit = “0”, PMPLL bit = “1”, M/S bit = “0")

A reference ack of PLL i sekcied anong te inputclocks b MCKI, BICK or LRCK pin. The requied cbck o the
AK4645 is generagd by an nternal PLL circuit. Inputfrequencyis sekeced byPLL3-0 bis (Tablke 5).

a) PLL reference clock: MCKI pin
BICK and LRCK inputs shoutl be sychronzed with MCKO output The phase beten MCKO and LRCK dose not

matter. MCKO pin ouputs the frequencysebcid byPS1-0 his (Table 10) andhe ouputis enabéd by MCKO bit.
Sanpling frequencycan be selcied byFS3-0 bis (Table 6).

11.2896MHz, 12MHz, 12.288MHz, 13MHz,
13.5MHz, 19.2MHz, 24MHz, 26MHz,
27MHz

AK4645
DSP or uP

MCKI

MCKO MCLK

BICK

LRCK

SDTO

SDTI

Figure 20. PLL Sive Mode 1 (PLL Rference @Gock: MCKI pin)
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b) PLL reference clock: BICK or LRCK pin

Sanpling frequencycorrespondsot7.35kHz b 48kHz bychanghg FS3-0 W (Table 7).

AK4645

MCKO DSP or uP

MCKI

BICK

LRCK

SDTO

SDTI

Figure 21. PLL Sive Mode 2 (PLL Rference @ock: BICK pin)

AK4645

MCKO DSP or uP

MCKI

BICK

LRCK

SDTO

SDTI

Figure 22. PLL Sive Mode 2 (PLL Rference Tock: LRCK pin)

The exérnal clocks (MCKI, BICK and LRCK) shoud aways be presentvhenevertie ADC or DAC is in operaiton
(PMADL bit = “1”, PMADR bit = “1” or PMDAC bit = “1"). If these abcks are noprovided, he AK4645 nay draw
excess current and it is not possible torafgeproperly because utilizes dyramefreshedogic internally. If the external
clocks are nopresentthe ADC and DACshoud bein the power-downmode(PMADL=PMADR=PMDAC bits=“0").

MS0605-E-00 200706
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W EXT Slave Mode (PMPLL bit = “0”, M/S bit = “0")

WhenPMPLL bitis“0”, the AK4645 becores EXT node. Master clock isinputfrom MCKI pin, the internal PLL circuit
is not operated This mode is canpatible with I/F of the normal audo CODEC. The cbcks requied b operag are MCKI
(256fs, 512fs or 1024fs), LEK (fs) and BCK (>32fs). The raster clock (MCKI) shoul be sychronzed wih LRCK.
The phase beteen hese abcks does natatter. The hputfrequencyof MCKI is sekcied byFS1-0 bis (Table 12).

Mode | Fs3-2bits | Fsibit | Fsobit| MCKIInput | Sanpling Frequency
Frequency Range
0 Don't care 0 0 256fs 7.35kHz~ 48kHz Default
1 Don't care 0 1 1024fs 7.35kHz~ 13kHz
2 Don't care 1 0 256fs 7.35kHz~ 48kHz
3 Don't care 1 1 512fs 7.35kHz~ 26kHz

Table 12. MCKI Frequencyat EXT SlaveMode (PMPLL bit = “0”, M/S bit = “0”)

The SN of the DAC atlow sanpling frequenas is worsethan athigh sanpling frequenas due ¢ out-of-band nose.
The outof-band nose can benproved byusing higher frequacy of the mester clock. The SN of the DAC output
through LOUTROUT pins atfs=8kHz & shown h Table 13.

SIN
MCKI | (ts=8KHz, 20kHZLPF + A-wejhted)
25615 8348
512fs 93dB
1024fs 93dB

Table 13. Rlationshp betveen MCKI and SN of LOUT/ROUT pins

The exernal clocks (MCKI, BICK and LRCK) shoull alvays be presentvheneverite ADC or DAC is in operaion
(PMADL bit =“1", PMADR bit = “1” or PMDAC bit = “1"). If these abcks are noprovided, he AK4645 nay draw
excess current and it is not possible torafgeproperly because utilizes dyrnamefreshedogic internally. If the external
clocks are nopresentthe ADC and DACshoud bein the power-downmode(PMADL=PMADR=PMDAC bits=“0").

AK4645

MCKO DSP or uP
MCKI [ [mcLk

BICK BCLK

LRCK LRCK

SDTO SDTI

SDTI SDTO

Figure 23. EXT Sive Mode
MS0605-E-00 200706
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W EXT Master Mode (PMPLL bit = “0”, M/S bit = “1")

The AK4645 becoms EXT Master Mode by setting PMPLL bit‘0” and M/S bit = “1". Master clock is input from
MCKI pin, theinternal PLL circuit isnotoperaed. The cbck requied b operage is MCKI (256fs, 512fs or 1024fs). The
inputfrequencyof MCKI is sekcied byFS1-0 bis (Table 14).

Mode | Fs3-2bits | Fsibit | Fsobit| MCKIInput | Sanpling Frequency
Frequency Range
0 Don't care 0 0 256fs 7.35kHz~ 48kHz Default
1 Don't care 0 1 1024fs 7.35kHz~ 13kHz
2 Don't care 1 0 256fs 7.35kHz~ 48kHz
3 Don't care 1 1 512fs 7.35kHz~ 26kHz

Table 14. MCKI Frequencyat EXT Master Mode (PMPLL bit = “0”, M/S bit = “1")

The SN of the DAC atlow sanpling frequenas is worsethan athigh sanpling frequenas due ¢ outof-band nase.
The outof-band nose can bemproved byusing higher frequacy of the nester clock. The SN of the DAC output
through LOUTROUT pins atfs=8kHz 5 shown h Table 15.

SIN
MCKI (fs=8kHz, 20kHzLPF + A-wejhted)
256fs 83dB
512fs 93dB
1024fs 93dB

Table 15. Rdationshp betveen MCKI and SN of LOUT/ROUT pins

MCKI should always be presenivhenevertie ADC or DAC is in operaion (PMADL bit = “1”, PMADR bit = “1” or
PMDAC bit = “1"). If M CKIl is notprovided, he AK4645 nay draw excess curreaind t is not possble © opera¢
properly because utilizes dynammefreshedogic internally. If MCKI is not presnt, the ADC and DAC should be in the
power-down mde (PMADL=PMADR=PMDAC bits = “0").

AK4645
MCKO DSP or uP
MCKI | |mcLk
BICK BCLK
LRCK LRCK
SDTO SDTI
SDTI SDTO
Figure 24. EXT Mster Mode
BCKO bit BICK Output
Frequency
0 32fs Defaul
1 64fs

Table 16. BCK Output Frequencyat Master Mode

MS0605-E-00 200706
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B System Reset

Upon power-up,ite AK4645 shoud be reseby bringingthe PDN pin = “L”. This ensureshatall internal registers reset
to their initial values.

The ADC erters annitialization cycle trat starts whnthe PMADL or PMADR hit is chargedfrom “0” to “1” at PMDAC
bits is “0”. The initialization cycle tim is 1059/fs=24@fs=44.1kHz. During the initializgon cycle, the ADC digital
datof both channetisforcedto outputa2’s conpliment “0”. The ADC oufput reflects the anabg inputsignal after the
initialization cycle is conplete. When PMDAC bt is “1”, the ADC dbes rot require aninitialization cycle.

The DAC erters aninitialization cycle that starts wanthe PMDAC lit is changed from “0” to “1” at PMADL ard
PMADR bits are “0”. The initialization cycle tienis 105%=24ns@fs=44.1kHz. During #hinitialization cycle, the
DAC inputdigital data of both channed are nternally forced b a 2's conpliment “0”. The DAC outputreflecs the
digital input data after the initialization cycle is qaeted. When PMADL or PMADR bit is “1”, the DAC does not
require aninitialization cycle.

W Audio Interface Format

Fourtypesof data fornats are availablend are selected by setting the DIF1-0 bitsk{le 17). In dlmodes, be seral dagt
is MSB first, 2's corplement format. Audio interface forts can be used in bothaster and slave ades. LRCK and
BICK are ouput from the AK4645 h master mode, butmust be nputto the AK4645 n slave node.

Mode | DIF1 bit DIFO hit SDTO(ADC) SDTI (DAC) BICK Figure
0 0 0 DSP Mode DSP Mode > 32fs Table 18
1 0 1 MSB justified LSB justified > 32fs Figure 29
2 1 0 MSB justified MSB justified > 32fs Figure 30 | Defaut
3 1 1 I°S canpatible | 1°S canpatible > 32fs Figure 31

Table 17. Audio Interface Fomh

In modes 1, 2 and 3h¢ SDTO $clocked oubn the faling edge (”) of BICK and he SDTI slatchedontherisingedge
(“™). In Modes 0 (DSP ode), he audo I/F iming is changed byBCKP and MBS bits (Table 18).

DIF1 | DIFO | MSBS | BCKP Audio Interface Forrat Figure

MSB of SDTO b output by tf)re rising edge (1) of the first
BICK after the rising edge (1) of LRCK. .

0 O [ MsB of SDTI is latched bythe faling edge (V") of the BICK | T'9ue 25| Defaut
just after the ouputtiming of SDTO’s MSB.
MSB of SDTO & ouiput by the faling edge (") of the first

0 1 | BICK after the rising edge (™) of LRCK. Fioure 26
MSB of SDTI is latched bythe rising edge (1) of the BICK 9

0 0 just after the ouputtiming of SDTO’s MSB.

MSB of SDTO & ouiput by nextrising edge (1) of the falling

1 o |edee (4") of the first BICK aftertherisingedge(“1") of LRCK. Fioure 27
MSB of SDTI is latched bythe faling edge (4”) of the BICK 9
just after the ouputtiming of SDTO’s MSB.
MSB of SDTO & oufput by nextfalling edge (") of the rising

1 1 |edoe (1) of the first BICK aftertherisingedge(“1") of LRCK. Fioure 28
MSB of SDTI is latched bythe rising edge (1) of the BICK 9
just after the ouputtiming of SDTO’s MSB.

Table 18. Audio Interface Fomhin Mode O

If 16-bit dat that ADC outputs is convered b 8-bit dat by renoving LSB8-bit, “~1" at 16bit datis convered b “-1"
at 8-bit dab. And when lhe DAC playbacks his 8-bit dat, “—1” at 8-bit data will be converted te-256” at16-bt dat
and hisisa large offset This offsetcan be remved byadding the offsetof “128” to 16-bt datbeforeconveringto 8-bit
dat
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LRCK
(Master) —f_l

LRCK
(Slave) I‘

LI,

wy
8 9 10 1 12 13 14 15 16 17 18 //;

o

BICK(32fs)
'Rch

24 25 26 27 26 29 30 31 0

p
O
=0

SDTO(o0) | 0|15 | 14

8|7|6|5|4|3|2|1|0 15|14

8|7|6|5|4|3|2|1|0

/%

-

/;

Lch | | c «‘Z
SDTI(i) |0 15|14%8|7|6|5|4|3|2|1|0 15|14%8|7|6|5|4| |2|1|o
: | B | B !
15 o 1 2 % 14 15 16 17 18 % 30 31 32 33 34 % 46 47 48 49 50 % 62 63 !
BICK(64fs) f: LICh % u % %%f % |
soto@  [1s]m] | [2]1]o 5] %2|1|o| %% /% I
T | Rch % L % |
SDTI(i) !15|14 %2|1|0|15|14| | B 1|0| i | | l_
< 1ffs g

15:MSB, 0:.LSB

Figure 25. Mvde 0 Tining (BCKP = “0”, MSBS = “0”)

LRCK
(Master) —f_l

LRCK
(Slave) —T l

-
LT

P
15 0o 1 2 / 8 9 10 11 12 13 14 15 16 17 18
-

24 25 26 27 26 29 30 31 0

=z

BICK(32fs) o / = § |
soro) To] 2] W[ e e[S ool = ML T
orp el f|||||} DO DNEEOnang

I . // |
BICK(64fS) 15 0 1 2 ;%; 14 15 16 17 18 % 30 31 32 33 34 % 46 47 48 49 50 % 62 63

i Lch / 1Rch % | % %
SDTO(0) 1514 2|10 [15]14] %2|1|0| - %

iLch % i Rch % ! /% % i
SDTI(i) 1514 | 2|1|o|15|14| 7//;2|1|0| % %

< 1t >

15:MSB, 0:LSB )
Figure 26. Mvde 0 Timing (BCKP =*“1", MSBS = “0")
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LRCK _f_l ,_

(Master)

LRCK & e e EEE e e
Slave) 4 b . . . . . . . . . . . . .
ave "
:

15 '0 1 2 % 8 9 10 1 12 13 14 15 16 17 18 % 24 25 26 27 26 29 30 31 0
BICK(32fs) %// f

iLch 'Rch .
soro@ o fwlal [ e =] ]z ][0 1§|14|%8|7|6|5|4|3|2|1|0

iLch - iRch . i
SDTI0 |o|1§|14 fe|7|6|5|4|3l2|1|o|1§|14|%8|7|6|5|4|3|2 o

// %

IO 1 2 / 14 15 16 17 18 / 30 31 2 33 34 % 46 47 48 49 50 % 62 63
sicers) T11L] % % % %U‘U‘LT
SDTO(0) 15|14| 2|1|0|15|14| %2““ % % B

iLch % i Rch % % % L
SDTI() 514 | [2[1]oss]se] | 20| | .

> 1fs - i, >

15:MSB, 0:.LSB

Figure 27. Mbde O Timing (BCKP = *“0", MSBS = “1”)

LRCK fl ,_

(Master)

LRCK s e S e
Save) | ] EEEEmEse - . - . - . -
(Slave) k

15 0 1 2 / 8 9 10 11 12 13 14 15 16 17 18 % 24 25 26 27 26 29 30 31 0
BICK(32fs) % %
I Lch ' Rch . !
SDTO() |o|15|14|/8|7|6|5|4|3|2|1|o|15|14|%8|7|6|5|4|3|2|1|o|
ilch R
SDTI(i) |o|1§|14§8|7|6|5|4|3J_2|1|0|15|14|§8|7|6|5|4| l2]1]o0
15 b 12 // 30 31 32 33 34 % % 62 63 |
BICK(64fs) ﬁ % % %
SDTO(0) 15|14| 2|1|0|15|14| /2|1|0| | %
1Lch % i Rch % | % % I
SDTI(i) 1514 %2|1|0|15|14| %2 1o | % %Z r
< 1/fs g
15:MSB, 0:LSB
Figure 28. Mbde 0 Timing (BCKP = “1", MSBS = “1")
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LRCK i | |

o 1 23§§§ 9101112131415 0 1 23.5%: 9101112131415 6 1
BICK(32fs) e B
i ‘:)’ i :"i i
= -
SDTO(0) _|15[14j13]  [7]6]5[4]3]2[1 |°15|14|13 [7ls[s]4]3]2]s |°15|
1 - "
1 - =]
oy i  [EEREER | [EEERERb
coal e
3 :;; 1516 17 18 ié 310 1 2 3 :géi 15161718 310 1
BICK(64fs) e = =
. o ! e o
SDTO(0) 15|14|13 ~ [1]o] 4 1514[13 g;g; 1] o] e 15
: - i =
SDTI(i) | Don't Care |15|14| = 1|0 Don't Care |15|14| = 1|0|
élS:MSB, 0:LSB o i . .
i‘ Lch Data >E< Rch Data :

Figure 29. Mde 1 Timing
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Figure 30. Mde 2 Timing
MS0605-E-00 200706

-35-

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6159605/ak4645ez.html

[AK4645EZ]

AKM
LRCK | |
0123  91011121314150 1 2 3
BICK(32fs) |

-
-
-

-
|
-

o

L

9101112131415 0 1

SDTO(0) |ol15|14| 8|7|6|5|4|3|2|1|ol15|14|

-
-
-
-
-

o[ [o[s[*[3]2[1]0]

.

.

E

soTii)  _[ofspia] - [a[7]e]s|4]s[2[1]ofssra] " [a[7]6]s]4]3][2[1]o]
0123 15161718 310 1 2 3 15161718 310 1

BICK(64fs) g e o T

ot e o F
1 ;] - 1 - P 1
SDTO(0) j2spa] | T2[2Jo] s | T2fao] i
‘ = - | e = !

SDTI(i) 15|14| | ] 2|1|o| Don't Care 15|14| = 2|1|o| Don't Care

115:MSB, 0:LSB i i

i Lch Data i

Figure 31. Mbde 3 Timing

H Mono/Stereo Mode

Rch Data

PMADL, PMADR and MX bits setmonoktereo ADCoperaiton. When MIX bit = “1”, EQ and FIL3 kiis shoutl be seto
“0”. ALC operaton (ALC bit = “1") or digital volume operabn (ALC bit = “0") is appled to the datain Table 19.

PMADL bit | PMADR bit MIX bit ADC Lch data ADC Rch data
0 0 X All“0” All“0”

0 1 X Rch InputSignal Rch InputSignal

1 0 X Lch InputSignal Lch InputSignal

1 1 0 Lch InputSignal Rch InputSignal
1 (L+R)/2 (L+R)/2

Table 19. Mono/Stereo ADCoperaion (x: Don'’t care)

W Digital High Pass Filter

Defaut

The AK4645 hasa digital high pass filter for DC offset azellation. The cut-off frequency of the HPF is 0.9Hz
(@fs=44.1kHz) and saa$ wih sanpling rae (fs). When PMADL bit = “1” or PMADR bit = “1”, the HPF of ADC is
enabéd but the HPF of DACis disabed. When PMADL=PMADR bits = “0”", PMDAC bit = “1”, the HPF of DAC is
enabéd butthe HPF of ADCis disabkd.

MS0605-E-00 200706
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m MIC/LINE Input Selector

The AK4645 hasniputsekecor for MIC-Amp. When MDIF1 and MDIF2 bits are “0”, INL1-0 andINR1-0 bits sekct
LINI/LIN2/LIN3/LIN4 andRIN1/RIN2/RIN3/RIN4, respedtvely. WhenMDIF1 and MDIF2 bitsare “1”, LIN1, RN1,
LIN2 and RN2 pins becora IN1-, IN1+, IN2+ and IN2 pins respedtely. In this case, fukdifferenia inputis
available Figure33). When full-differental inputis used,the signal shoutl notbe nputto the pns narked by“X” i n

Table 21.
MDIF1 bit | MDIF2 bit | INL1 bit INLO bit INR1 bit INRO bit Lch Rch
0 0 0 0 0 0 LIN1 RIN1 Default
0 0 0 0 0 1 LIN1 RIN2
0 0 0 0 1 0 LIN1 RIN3
0 0 0 0 1 1 LIN1 RIN4
0 0 0 1 0 0 LIN2 RIN1
0 0 0 1 0 1 LIN2 RIN2
0 0 0 1 1 0 LIN2 RIN3
0 0 0 1 1 1 LIN2 RIN4
0 0 1 0 0 0 LIN3 RIN1
0 0 1 0 0 1 LIN3 RIN2
0 0 1 0 1 0 LIN3 RIN3
0 0 1 0 1 1 LIN3 RIN4
0 0 1 1 0 0 LIN4 RIN1
0 0 1 1 0 1 LIN4 RIN2
0 0 1 1 1 0 LIN4 RIN3
0 0 1 1 1 1 LIN4 RIN4
0 1 0 0 0 0 LIN1 IN2+/—
0 1 1 0 0 0 LIN3 IN2+/—
0 1 1 1 0 0 LIN4 IN2+/—
1 0 0 0 0 1 IN1+/— RIN2
1 0 0 0 1 0 IN1+/— RIN3
1 0 0 0 1 1 IN1+/— RIN4
1 1 0 0 0 0 IN1+/— IN2+/—
Others N/A N/A
Table 20. MC/Line In P&t Sekct
Register Pin
. . . LIN1 RIN1 LIN2 RIN2 MIN | VCOC | LIN4 RIN4
AINS bit | MDIFLbit | MDIF2DIt |\ | N1s | N2+ | IN2— | LIN3 | RIN3 | IN4+ | INA-
0 0 0 O O O O O - O o]
0 0 1 O X O o] O - O X
0 1 0 0] 0] X O 6] - X 0o
0 1 1 0 O O O o] - X X
1 0 0 0] 0o O O O O O O
1 0 1 O X O o] O X O X
1 1 0 O 0o X o] X O X O
1 1 1 0 O 0 O X X X X
Table 21. Handhg of MIC/Line InputPins (“*: N/A; “X": Signalshoutl notbe nput)
MS0605-E-00 200706
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AK 4645
INL1-0 bits
LINL/IN1- pin
p——————» ADC Lch
RINVINL+ pin - ()
MDIF1 bit MIC-Amp
INR1-0 bits
RIN2/IN2- pin ()
» ADC Rch
LIN2/IN2+ pin
MDIF2 bit MIC-Amp
These blocks are not
MIN/LIN3 pin available at PLL mode.
VCOC/RIN3 pin() /
3 =
Om oOm!
LIN4/IN4+ pin 3 3 5 |
RIN4/IN4- pin () = =
g

Y

PMAINR4 bit
PMAINL2 bit
PMAINRZ bit
PMAINLS3 bit

<—<
PMAINRS bit

Y

Lineout, HP-Amp

PMAINL4

ViY

Figure 32. Mc/Line InputSekcor

AK 4645
MPWR pin i
N~ | IN1— pinf\ MIC-Amp Qv OO0
- In
. i IN1+ pin AID —— P

== 1k

Figure 33. ©nnecton Exanple for Ful-differenia Mic Input(MDIF1/2 bits = “1”")

<Input Selector Setting Example>

In case that IN1+ pins are used as fudlifferenfa mic inputand LIN2RIN2 pins are used assseo Ine input it is
recommended that the following two ates are sévy register setting according to each case.

Downloaded from Elcodis.com electronic components distributor
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MDIF1 bit | MDIF2 bit | INL1 bit INLO bit INR1 bit INRO bit Lch Rch
1 0 0 0 0 1 IN1+/— RIN2
0 0 0 1 0 1 LIN2 RIN2
Table 22. MC/Line In Pdh SekctExanple
MS0605-E-00
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B MIC Gain Amplifier

[AK4645EZ]

The AK4645 has a gaianplifier for microphonemput The gan of MIC-Amp is sekcied bythe MGAIN1-0 bits (Table
23). The ypical inputimpedanceés 60kQ(typ) @ MGAIN1-0 bits = “00” or 30k(typ) @ MGAIN1-0 bits = “01”, “10” or

w117
MGAINL1 bit | MGAINO bit Input Gan
0 0 0dB
0 1 +20dB Defaut
1 0 +26dB
1 1 +32dB
Table 23. Mc InputGan
| MIC Power

WhenPMMPbit =“1", the MPWR pin suppies power forle microphone. Thi outputvoltage stypicaly 0.75 x AVDD
and the load resistance ismmum 0.5kQ. In case of usig two ses of sereomic, the load resistance ismmum 2kQ for
each channel. No capacitoust not beconnected directly to MPWR/pin (Figure 34).

PMMP kit MPWR pin
0 Hi-Z Default
1 Ouput

Table 24. MC Power

MIC Power

1

> 2kQ

O Microphone

MS0605-E-00
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W Digital EQ/HPF/LPF

The AK4645 perform wind-noise rauction filter, stereo separation phasisgain conpensation and ALC (Autoatic
Level Control) by digital dormain for A/D convered daa (Figure 3). FIL1, FIL3 ard EQ Hocks are IIR filters 6 1°
order. Tre filter ceefficient of FIL3, EQ aml FIL1 blocks canbe seto ary value. Referto the sectian of “ALC operatia”
aboutALC.

When ony DAC is powered-up, dgjital EQHPFLPF circuit operags atplayback pah. Whenonly ADC is powered-up
or both ADC and DACare powered-up, ditad EQHPFLPF crrcuit operags atrecordng pah. Evenif the pah is

switched from recading to playback the regster settig of filter coefficient at recading remains. Trerefae, FIL3 EQ,

FIL1 and GN1-0 b shoutl be seto “0” if digitadl EQHPFLPF is notused for plaipack pal.

PMADL bit, PMADR hit | PMDAC hit | LOOPbit Status Digital EQ/HPF/LPF
“00" 0 X Power-down Power-down Defaul
1 X Playback Playbacfath
0 X Recordng Recordng pah
“01”, “10” or “11” 1 0 Recording & Playback Recordng pah
1 Recording Monitor Playback Recordng pah

Note 40. Sereo separain enphass crcuit is effecive only atstereo operabn.
Tade . Digital EQ/HPF/LPF Cirtcit Settirg (x: Don’t care)

FIL3 coefficient also sets the attetioa of he sereo separain enphass.
The cambination of GN1-0 bit (Table 26) and EQ coefficient set the qumnsation gain.

FIL1 and FIL3 bbcks becorm HPF when F1AS and F3AStb are “0” and becomLPF when F1AS and F3AS bits are
“1”, respectively.

WhenEQandFIL1 bitsare “0”, EQ and FIL1 lacks becora“through” (0dB). When FIL3 bt is“0”, FIL3 block becora
“MUTE”. W hen each filter coefficient ishanged, each filter should be set to “through” (“MUTE” in case of FIL3).

When MIX bit =“1", only FIL1 isavalable. In his case, EQ and FIL3 tsishoutl be seto “0".

Wind-noise reduction Stereo separation emphasis Gain compensation
L 1
! 1
— FIL1 FIL3 : EQ — Gain (—{ ALC t»
R —t—e—— j
Any coefficient Any coefficient 0dB ~ -10dB Any coefficient GN1-0
F1A13-0 F3A13-0 MUTE EQA15-0 +24/+12/0dB
F1B13-0 F3B13-0 (sethy EQB13-0
F1AS F3AS FIL3 coefficient) EQC15-0
+12dB ~ 0dB

Figure 35. Digital EQ/HPF/LPF

GN1 GNO Gain
0 0 0dB Defaut
0 1 +12dB
1 X +24dB

Table 26. Gan sekctof gan block (x: Don'’t care)

MS0605-E-00 200706
-40 -
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[Filter Coefficient Settirg]
1) When FIL1 and FIL3 are set to “HPF”

fs: Sanpling frequency

fc: Cut-off frequency

f: Inputsignalfrequency

K: Filter gain [dB] (Filter gairof should be set to 0dB.)

Register seting
FIL1: F1AS bt = “0", F1A[13:0] bits =A, F1§13:0] bits=B
FIL3: F3AS bt = “0", F3A[13:0] bits =A, F3B13:0] bits =B
(MSB=F1A13, F1R3, F3A13, F3B3; LSB=F1A0, F1BO0, F3A0, F3B0)

1/ tan(rfc/fs) 1-1/tan(=fc/fs)
A =100 x , B=
1 + 1 /tan (=fc/fs) 1 + 1 /tan (=fc/fs)
Transfer fundbn Amplitude Phase
1-z7* 2 — 2s (2rf/fs) (B+1)dn (2nf/fs)
H(z) =A ——— | M(f) =A o(f) = tan”*
1+Bz* 1 + B? + 2Bcos(2nf/fs) 1 -B + (B-1)cos(2nf/fs)

2) When FIL1 and FIL3 are set to “LPF”

fs: Sanpling frequency

fc: Cut-off frequency

f: Inputsignalfrequency

K: Filter gain [dB] (Filter gairof FIL1 should be set to 0dB.)

Register seting
FIL1: F1AS bt = “1", F1A[13:0] bits =A, F1813:0] bits=B
FIL3: F3AS bt = “1”, F3A[13:0] bits =A, F3B13:0] bits=B
(MSB=F1A13, F1R3, F3A13, F3B3; LSB=F1A0, F1BO0, F3A0, F3B0)

1 1-1/tan(=fc/fs)
A =100 , B=
1 + 1 /tan (=fc/fs) 1 + 1 /tan (=fc/fs)
Transfer fundbn Amplitude Phase
1+z7 2 + 2cog(2nf/fs) (B-1)dn (2rf/fs)
H(z)=A ——— | M(f)=A o(f) = tan*
1+Bz* 1 + B? + 2Bcos(2nf/fs) 1 + B+ (B+1)cos(2xf/fs)
MS0605-E-00 200706
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3) EQ

fs: Sanpling frequency

fcy: Pole frequency

fc,: Zero-pont frequency

f: Inputsignalfrequency

K: Filter gain [dB] (Maximum +12dB)

Register seting
EQA[15:0] bits =A, EQB[13:0] bits =B, EQ(15:0] bits =C
(MSB=EQA15, EQR3, EQAJ5; LSB=EQA0, EQBO, EQCO0)

1 + 1 /tan (nfc,/fs) 1- 1/tan(xfc,/fs) 1 - 1/ tan(xfc,/fs)
A= 1020 x , B= ,  C=100x
1 + 1 /tan (nfcy/fs) 1 + 1 /tan (nfcy/fs) 1 + 1 /tan (xfc,/fs)
Transfer fundbn Amplitude Phase
A+Cz™? A? + C? + 2ACcos (2tf/fs) (AB-C)sin (2nflfs)
H(z) = M(f) = o(f) =tan
1+Bz? 1 +B? + 2Bcos(2nf/fs) A + BC+ (AB+C)cos(2rf/fs)

[Translation the filter coefficient calculatdy the equations above fnaeal nunber to binarycode (2's corplement)]
X = (Real nurber of filter coefficientalculated by the equations above)'k 2

X shoub be roundedatinteger, andhen shoull betranshted b binary code (2's complement).
MSB of each filter coefficient $éng register is sine bit.

[Filter Coefficient Settirg Exanple]

1) FIL1 block
Exanple: HPF, fs=44.1kHz, fc=100Hz
F1AS bit =“0”

F1A[1310] bits = 01 1111 1100 0110
F1B{13:0] bits = 10 0000 0111 0100

2) EQ bbck

Exanple: fs=44.1kHz, f¢&=300Hz, fg=3000Hz, Gai=+8dB
Gain[dB]A

+8dB

>
fcy fc, Frequency
EQA[15:0] bits = 0000 1001 0110 1110
EQB[13:0] bits= 10 0001 0101 1001
EQ{15:0] bits=1111 1001 1110 1111
MS0605-E-00 200706
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W ALC Operation

The ALC (Automatic Level Control) is operagd by ALC block when ALCbit is “1”. When ony DAC is powered-up,
ALC circuit operaes at playback pat. When onyy ADC is powered-up or bot ADC and DACare powered-up, ALC
circuit operags atrecordng pah.

PMADL bit, PMADR bit | PMDAC bit | LOOP bit Status ALC
“00" 0 X Power-down Power-down | Defaul
1 X Playback Playbacfath
0 X Recording Recordng pah
“01”, “10” or “11” 1 0 Recording & Playback Recordng pah
1 Recordhg Monitor Playback | Recording pah

Table 27. ALCSeting (x: Don'’t care)
1. ALC Limiter Operatin

During the ALC liniter operation, when either Lar Rch exceeds the ALC liter detectionlevel (Table 28), he IVL
and IVRvalues (sara valie) are aenuatd aubmaticaly by the anountdefined bythe ALC limiter ATT step(Table 29).
The IVL and IVR are then set tbe sane value for boh channed.

When ZELMN bit = “0” (zero cross detton is enabled), the IVL an@/R values are changed by ALC liter operation
atthe individual zero crossig ponts of Lch and Rh or atthe zero crossig imeout ZTM1-0 bits setthe zero crossig
timeoutperiod of boh ALC limiter and recoveryperaion (Table 30).

When ZELMN bit =“1" (zero cross detectiamdisabled), IVL and IVR values airamediately (periodd/fs) changed by
ALC limiter operaiton. Atenuaton sep s fixed b 1 sep regardiss ashe seting of LMAT1-0 bits.

The attenuation operation is done contiusly until the input signal level becesrALC limiter detectiorievel (Table 28)
or less. Afeer conpleting the atenuaton operabn, unkess ALChit ischangedd “0”, the operabn repeat when e input
signal level exceeds LMTH1-0 bits.

LMTH1 | LMTHO | ALC Limier Dekecion Level] ALC RecoveryWaiting Gouner ResetLevel
0 0 ALC Output> —-2.5dBFS —2.5dBFS > ALCOutput> —-4.1dBFS Default
0 1 ALC Output> —-4.1dBFS —4.1dBFS > ALCOutput> —6.0dBFS
1 0 ALC Output> —6.0dBFS —6.0dBFS > ALC Output> —8.5dBFS
1 1 ALC Output> —-8.5dBFS —8.5dBFS > ALCOutput> -12dBFS

Table 28. ALCLimiter Detecion Levé / RecoveryCouner ResetLevel
ZELMN LMAT1 LMATO ALC Limiter ATT Step
0 0 1step 0.375dB | Defaut
0 0 1 2step 0.750dB
1 0 4step 1.500dB
1 1 8step 3.000dB
1 X X 1sep 0.375dB
Table 29. ALC Liniter ATT Step (x: Don'’t care)
Zero Gosshg Timeout Perbd
ZTM1 ZTMO 8kHz 16kHz 44.1kHz
0 0 128fs 16ns 8ms 2.9m8 Defaul
0 1 256fs 32nms 16nms 5.8ms
1 0 512fs 64ns 32ns 11.6ns
1 1 1024fs 128ns 64s 23.2ns
Table 30. ALCZero Qosshg Timeout Perbd
MS0605-E-00 200706
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2. ALC RecoveryOperaiton

The ALC recovenpperation waits for the W 2-0 bits(Take 31) to be set after ampleting the ALC limiter operatia.
If the input signal doesotexceed’ALC recovery waiting counter reset levelgble 28) dunng the wat time, he ALC
recoveryoperaion is done. The IVL and IVRalues are aaimaticaly incremenied by RGAIN1-0 bits (Table 32) up ¢
the set referere lewel (Table 33) wth zero crossig deecion which timeoutperiod is setby ZTM1-0 bits (Table 30).
Thenthe VL andIVR aresetto the sane value for boh channek. The ALCrecoveryoperaion is done a& perod setby
WTM2-0 bits. When zero crossideectkd atboth channed during the wat period sety WTM2-0 bits, the ALC recovery
operation waits until VWM2-0 period and th next recovery operatiis done. If ZTM1-0 is longer than W2-0 and no
zero crossig occurs,lie ALC recoveryoperaton is done at perod setby ZTM1-0 bis.

For exanple, when the current IVOL value is 30H and RGAIBIbits are seto “01”, IVOL is changedd 32H bythe
auto limter operation and then the input signal levegjasied by 0.75dB (=0.375dB x 2). Ngn the IVOL value exceeds

the reference level (REF7-0), théOL values are not increased.

When

“ALC recoverywaiting counér resetevel (LMTH1-0) < Output Signal < ALC limiter detection level (LMTH1-0)"
during the ALC recoveryoperaton, the wating imer of ALC recoveryoperaion is reset When
“ALC recoverywaiting coungr resetevel (LM TH1-0) > Ouput Signal’,
the wating imer of ALC recoveryoperaion sarts.

The ALC operaion correspond®tthe impulse nose. Whenthe impulse nose sinput the ALC recoveryoperaiton
becones faser than a norral recoveryoperaton (FastRewvery Operaton). When lrge nose b inputto microphone
instartarecusly, the quality of small level in the large roise carbe improvedby this fast recuery geratian. The speedof
fastrecoveryoperaton is setby RFST1-0 bis (Table 34).

ALC RecoveryOperaiton Waiting Perod
WTM2 WIM1 WTMO 8kHz yof(ikHz A?4.1kHz
0 0 0 128fs 16ns 8ms 2.9n8 Defaut
0 0 1 256fs 32ns 16nms 5.8ms
0 1 0 512fs 64nms 32ns 11.6ns
0 1 1 1024fs 128ns 64nms 23.2ns
1 0 0 2048fs 2568 128ns 46.4ns
1 0 1 4096fs 512ns 25618 92.91r8
1 1 0 8192fs 1024ns 5128 185.8ms
1 1 1 16384fs 2048ns 1024ns 371.5n%
Table 31. ALCRecoveryOperaton Waiting Perod
RGAIN1 | RGAINO GAIN STEP
0 0 1step 0.375dB | Defaul
0 1 2step 0.750dB
1 0 3step 1.125dB
1 1 4step 1.500dB
Table 32. ALCRecoveryGAIN Step
MS0605-E-00 200706
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MS0605-E-00

REF7-0 GAIN(dB) Step

F1H +36.0

FOH +35.625

EFH +35.25

E2H +30.375

E1H +30.0 0.375dB
EOH +29.625

03H -53.25

02H —53.625

01H -54.0

00H MUTE

Table 33. Rference Leveht ALC Recoveryoperaion

RFST1 bt RFSTO bt RecoverySpeed
0 0 4 times
0 1 8 times
1 0 16imes
1 1 N/A

Downloaded from Elcodis.com electronic components distributor
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3. Exanple of ALC Operation

Table 35 showshe exanples of he ALC seting for mic recordig.

[AK4645EZ]

. fs=8kHz fs=44.1kHz
Register Name | Comment Data Operation Data Operation
LMTH1-0 Limiter deecion Level 01 —4.1dBFS 01 -4.1dBFS
ZELMN Limiter zero crossing dettion 0 Enable 0 Enable
ZTM1-0 Zero crossig imeoutperiod 01 32ns 11 23.2ns

Recoverywaiting perod
WTM2-0 *WTM2-0 bis shoutl be he sane or| 001 32ns 011 23.2mms
longer dat as ZTML-0 bis.
REF7-0 Maximum gain atrecoveryoperaion E1H +30dB E1H +30dB
:357'.% Gain of IVOL E1H +30dB E1H +30dB
LMAT1-0 Limiter ATT step 00 1sep 00 1sep
RGAIN1-0 RecoveryGAIN step 00 1sep 00 1sep
RFST1-0 FastRecoverySpeed 00 4 times 00 4 times
ALC ALC enable 1 Enable 1 Enable

Table 35. Example of he ALC seting

Thefollowing regsters shou notbe changed durg the ALC operaion. These Ité shoutl be changed adt the ALC
operaton is finished byALC bit = “0” or PMADL=PMADR bits = “0".

e LMTH1-0, LMAT1-0, WTM2-0, ZTM1-0, RGAIN1-0, REF7-0, ZELMN, RFST1-0

Example:
Limiter = Zero crossing Enable
Recovery Cycle = 32ms@8kHz
Zero Crossing Timeout Period = 32ms@8kHz
Limiter and Recovery Step = 1
Fast Recovery Speed = 4 step
Gain of IVOL = +30dB
Maximum Gain = +30.0dB
Limiter Detection Level = -4.1dBFS
ALC bit =“1”

Manual Mode

WR (ZTM1-0, WTM2-0, RFST1-0) (1) Addr=06H, Data=14H
WR (REF7-0) (2) Addr=08H, Data=E1H

v '

WR (IVL/R7-0) |* The value of IVOL should be (3) Addr=09H&O0CH, Data=E1H
* the same or smaller than REF’s ¢

WR (RGAIN1, LMTH1) (4) Addr=0BH, Data=00H

' '

WR (LMAT1-0, RGAINO, ZELMN, LMTHO; ALC= “1") (5) Addr=07H, Data=21H

'

ALC Operation
Note : WR : Write

Figure 36. Rgisters setup sequence &LC operaiton

MS0605-E-00 200706
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M Input Digital Volume (Manual Mode)

[AK4645EZ]

The nputdigital volume becores a nanualmode when ALChit is “0”. This mode s used i the case shown bed.

1. After exiting resesiate, setup the regsters for he ALC operaton (ZTM1-0, LMTH1-0 and et)
2. When the registers for the ALC operation (liien period, Recoveryperiod and et) are changed.

For exanple; when the change of the galing frequency.

3. When IVOL isused as a emualvolume.

IVL7-0 and IVR7-0 bits setthe gan of the volume contol (Table 36). The IVOL vale is changed atero crossig or
timeaout. Zerocrossirg timeaut period is set ly ZTM1-0 bits. If IVL7-0 or IVR7-0 bits are writtenduring

PMADL=PMADR bhits = “0", IVOL operation starts withthe written values at tle erd of the ADC intialization cycle
after PMADL a PMADR hit is charged to “1”.

Evenif the pathis switched from recading to playback the regster seting of IVOL renains. Therefore, IVL7-0 and
IVR7-0 bits shout be seto “91H” (0dB).

IVL7-0
VR7-0 GAIN (dB) Step
F1H +36.0
FOH +35.625
EFH +35.25
E2H +30.375
E1H +30.0 0.375dB
EOH +29.625
O03H -53.25
02H -53.625
01H -54
O0H MUTE

MS0605-E-00

Downloaded from Elcodis.com electronic components distributor

Table 36. Input Digital Volum Setting

- 47 -

Defaut

200706


http://elcodis.com/parts/6159605/ak4645ez.html

AKM [AK4645EZ]

When writing to the IVL7-GandIVR7-0 bits continuouslly, the control register shoble written by an interval one than
zerocrossngtimeout If not, IVL andIVR arenotchanged sice zero crossg counér isresetateverywrite operaion. If
thesaneregistervalue as the previous write operation igtten to IVL and IVR, this write operation is ignored and zero
crossing counter is not reset. Therefore, IVL and IVRBmwritten by an interval $s than zero crossing t&out.

ALC bit

1 1
1 1
1 1
ALC Status Disable | Enable | Disable
i |
1 1
IVL7-0 bits i E1H(+30dB) |
! !
1 1
IVR7-0 bits | C6H(+20dB) |
T T
| :
Internal IVL E1H(+30dB) | E1(+30dB) --> F1(+36dB) | E1(+300B)
L (1) L (2)
Internal IVR C6H(+20dB) | E1(+30dB) --> F1(+36dB) | C6H(+20dB)

Figure 37. IVOL vale durng ALC operaiton

(1) The IVL value becoms the sart value if the IVL and IVR are differemthenthe ALC starts. Th wait time from
ALC bit =“1"to ALC operaton sartby IVL7-0 bitsis atmost recoverytime (WTM2-0bits) pluszerocrosgimeout
period (ZTM1-0 bis).

(2) Writing o IVL and IVRregisters (09H an@CH) isignoredduring ALC operaiton. After ALC isdisabkd, he IVOL
changes to the last written dataAgyocrossing or tirrout. \hen ALC is enablé again, ALC bit should be set to “1”
by an interval rore than zero crossy imeoutperiod afer ALC bit = “0”.

MS0605-E-00 200706
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W De-emphasis Filter

The AK4645 includes the digitadle-enphasis filter (tc = 50/44%s) by IIR filter. Settirg the DEM1-0 bits erales tte
de-enphasis filter (Table 37).

DEM1 DEMO Mode
0 0 44.1kHz
0 1 OFF Defaul
1 0 48kHz
1 1 32kHz

Table 37. De-emphass Control

W Bass Boost Function

The BST1-0 bits contol the anountof low frequencyboostappled to the DAC oufputsignal (Table 38). If he BST1-0
bitsare seto “01” (MIN Level), use a 44F capacitor for AC-coupling. If the boosdtsignal exceeds full scale, the analog
output clips tothe ful scale.Figure 38 showde boosffrequencyresponse at20dBsignalinput

Boost Filter (fs=44.1kHz)

Level [dB]

Frequency [HZ]

Figure 38. Bss BostFrequencyResponse (fs=44.1kHz)

BST1 BSTO Mode
0 0 OFF Defaul
0 1 MIN
1 0 MID
1 1 MAX

Table 38. Bass BoostControl

MS0605-E-00 200706
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W Digital Output Volume

[AK4645EZ]

The AK4645 has a dital output volume (256 évels, 0.5dBstep, Mute). The voume can be sdby the DVL7-0 and
DVR7-0 bits. The voume isincluded h front of a DACblock. The hputdat of DAC ischangedrom +12to—115dBor
MUTE. When the DVOLC bit = “1”, the DVL7-0 bits contrbothLch andRch attenuation levels. Mén the DVOLC bit
="0", the DVL7-0 bis contol Lch level and DVR/-0 bis contol Rch level. This volume has a sofiranstion functon.
The DVTM bit set the transtion ime betveen sevalues of DVLR7-0 bits as efher 1061fs or 256fs (Table 40). When
DVTM bit = “0”, a softtranstion bewveenthe setvaluesoccurs (1062dvels). It takes 10615 (=24nms@fs=44.1kHz)
from OOH (+12dB to FFH (MUTE).

Defaut

DVL/R7-0 Gain Step
00H +12.0dB
01H +11.5dB
02H +11.0dB
18H 0dB 0.5d8B
FDH -114.5dB
FEH —-115.0dB
FFH MUTE (—)

Table 39. Dgital Volume Code Tabé

Transtion ime betveen DVLR7-0 bis = 00H and FFH

DVTM bit Seting fs=8KkHz fs=44.1kHZ
0 10611s 1335 24ms
1 256fs 32ms 6ms

MS0605-E-00

Table 40. Trangion Time Seting of Digital Output VVolume
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W Soft Mute

Softmute operatonis performedin the digital domain. When he SMUTE bit goes ¢ “1”, the ouput signalis atenuated
by —0 (“0”) during the cycle setythe DVTM hit. Whenthe SMUTE lit is retunedto “0”, the rmute is cacelledard the
outputattenuaton gradudly changesdthe valie setby the DVL/R7-0 hits during the cycle set bthe DVTM bit. If the
sdt mute is cagelledwithin the cycle setpthe DVTM bit after startig the gperatian, the attemation is discatinuedand
returnedto the valbie setby the DVL/R7-0 bits. The softmuteis effecive for changig the sgnalsource wihoutsiopping
the signal trarsmission (Figure 39).

SMUTE bit

DVTM bit DVTM bit

(1)
)

DVL/R7-0 bits

Attenuation

—» 4—GD —» 4—GD
(2)

Analog Output \/‘

Figure 39. SoftMute Functon

(1) The autput signal is attemateduntil —o (“0”) by the cycle set by the DVTM bit.

(2) Analog ouput correspondig © digital inputhas he group dely (GD).

(3)If the soft mute is cancelled within the cycle setby the DVTM bit, the atenuaton is discounéd and reirned b the
value set ly the DVL/R7-0 bits.

MS0605-E-00 200706
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m Analog Mixing: Stereo Input (LIN2/RIN2/LIN  4/RIN4, AIN3 bit = “1”: LIN3/RIN3 pins)

When PMAINL2=PMAINR?2 bits="“1", LIN2 andRIN2 pinscan be used asesto Ine inputfor anabg nixing. When
the LINH2 andRINH2 bits are seto “1”, the inputsignalfrom the LIN2/RIN2 pins s output to Headphone-Amp. When
the LINL2/RINR2 bits are setto “1”, the input signal from the LIN2/RIN2 pins & oufput to the sereo ine ouput
anplifier.

When PMAINL4=PMAINRA4 bits =“1", LIN4 andRIN4 pinscan be used asesto Ine inputfor anabg nixing. When
the LINH4 andRINH4 bits are seto “1”, the inputsignalfrom the LIN4/RIN4 pins i oufputto Headphone-Am When
the LINL4/RINR4 bits are setto “1”, the input signal from the LIN4/RIN4 pins & oufput to the sereo ine ouput
anmlifier.

When he anabg mixing isused, AD converer is also avdiable if PMADL or PMADR bit is“1”. In thiscasetheinput
resstanceof LIN2/RIN2/LIN4/RIN4 pins becores 30K (typ) atMGAIN1-0 bits = “00” and 20K (typ) at MGAIN1-0
bits = “01”, “10” or “11”, respedively.

When AIN3 bit = “1”, MIN andVCOC pins becones LIN3 and RIN3 pins, respectively. In this case, PLL is not
avalable. When PMAINL3=PMAINR3 bits = “1”, LIN3 and RIN3 pins can be used assto Ine inputfor anabg
mixing. WhenPMMICL=PMMICR=MICL3=MICR3 bits="“1", anabg nixing sources changed froni.IN3/RIN3 iput

to MIC-Amp ouput signal When te LINH3 and RNH3 bits are seto “1”, the inputsignalfrom the LIN3/RIN3 pinsis
outputto Headphone-Am. When the LINL3/RINR3 bits are setto “1”, the input signal from the LIN3/RIN3 pins i
outputto the sereo ine ouput anplifier.

When the anabg mixing is used,A/D converer is also avdiable if PMADL or PMADR bit is “1”. When te anabg

mixing is used aMICL3=MICR3 bits = “0”, the inputresstance of LIN3RIN3 pins becores 30K2 (typ) atMGAIN1-0

bits = “00” and 20K2 (typ) at MGAIN1-0 bits = “01”, “10” or “11”, respedively. When te anabg mixing is used at
MICL3=MICR3 bits = “1”, the inputresstance of LIN3RIN3 pinsbecones 60k (typ) at MGAIN1-0 bits = “00” and

30k (typ) at MGAIN1-0 bits = “01”, “10” or “11”, respedively.

Table 41,Table 42 andlrable 43 showtie typical gan.

AK 4645
INL1-0 bits

LIN1/IN1- pin
RIN1/IN1+ pin () O

MDIF1 bit MIC-Amp

p———» ADCLch

INR1-0 bits

» ADC Rch

RIN2/IN2- pin ()
LIN2/IN2+ pin )
These blocks are not

MIN/LIN3 pin ) available at PLL mode.
%

VCOC/RINS pin /
LIN4/IN4+ pin b
RIN4/IN4- pin ()

lf

Yiviy

Figure 40. Anadg Mixing Qrcuit (Stereo Inpuj

MDIF2 bit MIC-Amp

MICL3 bit

MICRS3 bit

PMAINRS3 bit

PMAINL4 bit
PMAINRA4 bit
PMAINL2 bit
PMAINR2 bit
PMAINLS3 bit

Y

Lineout, HP-Amp
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PMAINL2 bit
PMAINR?2 bit
LINL2/RINR2
o > LOUT/LOP pin,
LIN2/RIN2 ROUT/LON pin
LINH2/RINH2

O——Pp HPL, HPR pins

Figure 41. Anadg Mixing Qrcuit (LIN2/RIN2)

PMAINLA4 bit
PMAINR4 bit
LINL4/RINR4
o > LOUT/LOP pin,
LIN4/RIN4 ROUT/LON pin
LINH4/RINH4

O——P HPL, HPR pins

Figure 42. Anadg Mixing Qrcuit (LIN4/RIN4)

PMAINLS3 bit
PMAINRS bit
LINL3/RINR3
o p LOUT/LOP pin,
LIN3/RIN3 ROUT/LON pin
LINH3/RINH3

O—— HPL, HPR pins

Figure 43. Anadg Mixing Arcuit (LIN3/RIN3: PLL is notavalable.)

LOVL bit LIN2/RIN2/LIN3/RIN3/LIN4/RIN4
- LOUT/ROUT
0 0dB Defaut
1 +2dB

Table 41. LIN2RIN2/LIN3/RIN3/LIN4/RIN4 Input-> LOUT/ROUT Output Gain (iy)

LOVL bit LIN2/RIN2/LIN3/RIN3/LIN4/RIN4
- LOP/LON
0 0dB Defaut
1 +2dB

Table 42. LIN2RIN2/LIN3/RIN3/LIN4/RIN4 Input-> LOP/LON Output Gain (1y)

HPG bit LIN2/RIN2/LIN3/RIN3/LIN4/RIN4
- HPL/HPR
0 0dB Defaut
1 +3.6dB

Table 43. LIN2RIN2/LIN3/RIN3/LIN4/RIN4 Input-> Headphone-Am Output Gan (typ)
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B Analog Mixing: Full-differentical M ono Input (L4DIF bit = “1”: IN4+/IN4 — pins)
When L4DIF bt = “1”, LIN4 and RN4 pins becores IN4+ and IN4 pins, respectely.

When PMAINL4 bit = “1”, IN4+ and IN4- pins canbe used as futdiffereninal mono Ine input for anabg mixing.
When te LINH4 and RNH4 bits are seto “1”, the inputsignalfrom the IN4+AN4—- pinsis oufputto Headphone-Am.
Whenthe LINL4/RINRA4 bits are seto “1”, the inputsignal from the IN4+AN4- pins s output to the sereo ine ouput
anplifier.

Table 44,Table 45 andrable 46 show the typical gain. Inmignal anplitude is defined as (IN4+) (IN4-).

AK 4645

» MIC-Amp Lch

LIN4/IN4+ pin - ()

L4DIF bit PMAINL4 bit

» MIC-Amp Rch

RIN4/IN4- pin

PMAINR4 bit

v
Lineout, HP-Amp

Figure 44. Fdldifferenial Mono Anabg Mixing Qrcuit

LOVL bit IN4+/IN4— > LOUT/ROUT
0 -6dB Defaut
1 —4dB

Table 44. IN4+IN4— Input-> LOUT/ROUT Output Gain (ty)

LOVL bit IN4+/IN4— > LOP/LON
0 0dB Defaul
1 +2dB
Table 45. IN4+IN4— Input> LOP/LON Output Gain (iy)
HPG bit IN4+/IN4— > HPL/HPR
0 —-6dB Defaut
1 —2.4dB

Table 46. IN4+IN4— Input > Headphone-Am Output Gan (typ)

MS0605-E-00 200706
-54 -

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159605/ak4645ez.html

AKM [AK4645EZ]

B Analog Mixing: Mono Input (AIN3 bit = “0": MIN pin)

When AIN3 bit = “0”, MIN pin is used as @wno nputfor anabg mxing. When he PMMIN bit is setto “1”, the nono
inputis powered-up. Wen tie MINH bit is setto “1”, the inputsignal from the MIN pin is outputto Headphone-Aip.
When he MINL bit is setto “1”, the inputsignal from the MIN pin is output to the stereoline outputamnplifier. The
external resster R adjuss the sgnallevel of MIN input Table 47, Table 48 andrable 49 showtie typical gain exanple
at R = 20kQ. Thisgan isin inverse propoitn b R, .

M~
W MINL
MIN  ——B—AW— ¢ s 5 LOUT/LOP pin,
ROUT/LON pin
MINH
O—— HPL, HPR pin
Figure 7. Bock Diagramof MIN pin
LOVL bit MIN - LOUT/ROUT
0 0dB Defaut
1 +2dB

Table 47. MN Input-> LOUT/ROUT Output Gain (i) at R = 20k

LOVL bit MIN = LOP/LON
0 +6dB Defaut
1 +8dB

Table 48. MN Input > LOP/LON Output Gain (fp) at R = 20k

HPG bit MIN = HPL/HPR
0 —20dB Defaut
1 -16.4dB

Table 49. MN Input > Headphone-Am Output Gan (typ) atR = 20k
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-55-

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159605/ak4645ez.html

AKM [AK4645EZ]

W Stereo Line Output (LOUT/ROUT pins)

When DACL bit is “1”, Lch/Rch signal of DAC is output from the LOUTROUT pins whth is single-ended. Wen
DACL bit is “0”, output signal is muted and LOUTROUT pins ouput VCOM voltage. The bad impedances 10kQ
(min.). When he PMLO=LOPS bis=“0", the streo ine ouputentrs power-down rade andle ouputis pulled-down
to AVSS by 100kQ(typ). When the LOPS [t is “1”, stereoline output eners power-save ode. Pop naie at
power-upflown can be reduced lwhangng PMLO bit at LOPS bt = “1”. In this case, oyiut signal line shoul be
pulled-down b AVSS by 20kQ after AC coupkd asFigure 46. kseFall time is 300ns(mex) at C=1uF and
AVDD=3.3V. When PM.O bit = “1" and LOPS bit = “0, stereo line output is in no@hoperation.

LOVL bit set the gain of steredine autput.
When LOMbit = “1”, DAC oufputsignalis outputto LOUT and FOUT pins as (L+H/2 mono sgnal

When LOM3 bit = “1”, the spnalsekcied byMICL3 and MCRS3 bits (LIN3/RIN3 inputs or MC-Amp ouputs) ©
LOUT and ROUT pins as (L+HR/2 mono sgnal

“DACL" “LOVL”
1
oo —]% » LOUT pin
DAC 1 :
' ; P( P ROUT pin
1

Figure 45. Streo Lne Ouput

LOPS PM.O Mode LOUT/ROUT pin
0 0 Power-down Pul-down b AVSS | Defaut
1 Normal Operation Normal Operation
1 0 Power-save Fal down b AVSS
1 Power-save Rise up to VCOM

Table 50. S¢reo Lne Ouput Mode Setct(x: Don't care)

LOVL Gain Output Voltage (tp)
0 0dB 0.6 x AVDD Default
1 +2dB 0.757 x AVDD

Table 51. S¢reo Lne Ouput Volume Seting

C
=
v

20kQ

Figure 46. Exgrnal Circuit for Stereo Lne Ouput (in case of usig Pop Rducion Grcuit)
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<Stereo Line Output Control Sequence

(2)

PMLO bit

(1)

3)

LOPS bit I

(in case of using Pop Reduction Circuit)>

5)

[AK4645EZ]

(6)

LOUT, ROUT pins

Normal Output

Figure 47. Streo Lne Ouput Control Sequence (i case of usig Pop Rducion drcuit)

(1) SetLOPS bit =*“1". Stereo line quit enters the power-savete.
(2) SetPMLO bit = “1". Stereo Ine ouput exits the power-down rode.

LOUT and ROUT pins rise up ® VCOM voltage. Rse tme is 200ns (max 300ns) atC=1uF and

AVDD=3.3V.

(3) SetLOPS bi = “0” after LOUT and ROUT pins rise up. Streo ine ouput exits the power-save ode.

Stereo line output is enabled.

(4) Set LOPS bit =“1". Stereo lineutputeners power-save ode.
(5) SetPMLO bit = “0". Stereo Ine ouput eners power-down rode.

LOUT and ROUT pins fal down b AVSS. Fal time is 200ms (max 300ns) atC=1uF and AVDD=3.3V.
(6) SetLOPS bt =“0” after LOUT and ROUT pins fal down. Séreo ine ouput exits the power-save ode.

MS0605-E-00
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<Analog Mixing Circuit for Stereo Line Output>

[AK4645EZ]

When AIN3 bit = “0”, DACL, MINL, LINL2, RINR2, LINL4 and RINR4 bits controls each path switch.
MIN pah mixing gan is 0dB(typ) @LOVL bit = “0” when he exernal inputresstance § 20kQ.
LIN2, RIN2, LIN4, RIN4 and DACpathes nixing gan is 0dB(typ)@LOVL bit = “0”".

LINL2 bit
LIN2 pin 0dB oo
LINLA4 bit
LIN4 pin 0dB oo M
MINL bit | — LOUT pin
MIN pin 0dB oo X
DACL bit
DAC Lch 0dB oo
Figure 48. LOUT Nixing Qrcuit (AIN3 bit = “0”, LOVL bit = “0")
RINR2 bit
RIN2 pin 0dB oo
RINR4 bit
RIN4 pin 0dB oo M
MINL bit | — ROUT pin
MIN pin 0dB oo X
DACL bit
DAC Rch 0dB oo
Figure 49. ®UT Mixing drcuit (AIN3 bit = “0”, LOVL bit =“0")

MS0605-E-00
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When AIN3 bit = “1”, DACL, LINL2, RINR2, LINL3, RINR3, LINL4, RINR4, MICL3 and MICR3 bits controls each
path switch
All pates nixing gan is 0dB(typ) @LOVL bit = “0".

LINL2 bit
LIN2 pin * 0dB oo
LINL4 bit
LIN4 pin 0dB oo
rj ________________ MICL3bit T NL3 bit | M
LIN3 pin L RN odB oo | % LOUT pin

: >_| *These blocks are not
tLIN1 pin - —————L~ \jc.Amp Lch available at PLL mode. |

DACL bit
DAC Lch 0dB O/C

Figure 50. LOUT Nixing Qrcuit (AIN3 bit = “1”, LOVL bit = “0”)

RINR2 bit
RIN2 pin L 4 0dB O/O
RINRA4 bit
RIN4 pin 0dB O/O
7 N VTo - X T s b |V
RIN3 pin L Q odB O/O | —%» ROUT pin

' E X
i > *These blocks are not !
iRIN1 pin ———— MIC-Amp Rch available at PLL mode. !

DACL bit
DAC Rch odB oo

Figure 51. ROUT Mixing Qrcuit (AIN3 bit = “1”, LOVL bit = “0”)
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W Full-differential Mono Line

Output (LOP/LON pins)

[AK4645EZ]

When LODIF bit = “1”, LOUT/ROUT pins becorm LOPLON pins, respectely. Lch/Rch signal of DAC or
LIN2/RIN2/LIN3/RIN3/LIN4/RIN4 is outputfrom the LOPALON pins whth is full-differenial as (L+R/2 signal The
load impedanced 10k (min) for LOP and LON pis, respectely. When te PMLO bit = “0”, the nono ine ouput
eners power-dowrmode andhe outputis Hi-Z. When te PMLO bitis“1” and LOPS hiis“1”, mono ine ouputenters
power-savanode.Popnoiseat power-upfiowncan be reduced bghanghg PM.O bit atLOPS bi = “0”". When PM.O
bit = “1” and LOPS Hi= “0", mono ine ouput eners in normal operaiton. LOVL bit setthe gan of mono ine ouput

When L4DIF=LODIF bits = “1", full-differertial output signal is as fdlows: (LOP)— (LON) = (IN4+)— (IN4-).

Default

“DACL” “LOVL”
fmmm——n
1
—i—o/ oL—— LOP pin
DAC . !
0" 0 » LON pin
1
e o] 1
Figure 52. Mno Line Ouput
PMLO LOPS Mode LOP LON
0 X Power-down Hi-Z Hi-Z
1 1 Power-save Hi-Z VCOM/2
0 Normal Operation | Normal Operation| Normal Operation
Table 52. Mono Lin®©utput Mode Setting (x: Don'’t care)
LOVL Gain Output Voltage (tp)
0 +6dB 1.2 x AVDD Default
1 +8dB 1.5 x AVDD
Table 53. Mono Line Qput Volurre Setting
PMLO bit
LOPS bit }
LOP pin
LON pin :
Figure 53. Power-uplbwer-down Tiing for Mono Line Ouput
MS0605-E-00
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<Analog Mixing Circuit for Mono Line Output>

[AK4645EZ]

When AIN3 bit = “0”, DACL, MINL, LINL2, RINR2, LINL4 and RINR4 bits controls each path switch.
MIN pah mixing gan is +6dB(typ) @LOVL bit = “0” when he exernal inputresstance § 20kQ.
LIN2, RIN2, LIN4, RIN4 and DACpathes nixing gan is 0dB(typ)@LOVL bit = “0”".

LIN2 pin

RIN2 pin

LIN4 pin

RIN4 pin

MIN pin

LINL2 bit
0dB oo
RINR2 bit
0dB oo
LINL4 bit
0dB o o
M
RINR4 bit | LOP/N pin
0dB oo
X
MINL bit
+6dB oo
DACL bit
DAC Lch odB oo
DACL bit
DAC Rch 0dB oo

Figure 54. Mno Line Ouput Mixing Arcuit (AIN3 bit = “0”, LOVL bit = “0”)

When AIN3 bit = “1”, DACL, LINL2, RINR2, LINL3, RINR3, LINL4, RINR4, MICL3 and MICRS3 bits controls each

path switch

All pates nixing gan is 0dB(typ) @LOVL bit = “0".

LIN2 pin L 2

LIN4 pin
o T MICL3 bt~

ILINL pin  ——

: MIC-Amp Lch

Q|

LINL2 bit
0dB oo
LINL4 bit
odB oo
T LINL3 bit |
0dB oo

*These blocks are not
available at PLL mode.

RIN4 pin
T TTTTTTTTTTTTTTMICRB it
RIN3 pin

: MIC-Amp Rch

RN

RINRZ bit
0dB oo M
RINR4bit | | —» LOPIN pin
0dB oo
X
T T RINR3 bit |
0dB oo

*These blocks are not
available at PLL mode.

DACL bit

DAC Lch 0dB oo
DACL bit

DAC Rch 0dB oo

Figure 55. Mno Line Ouput Mixing Arcuit (AIN3 bit = “1", LOVL bit = “0")
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W Headphone Output

Power suppl voltage for he Headphone-Amis suppled fromthe HVDD pin and cerdred on he HVDD/2 voltage at
VBAT bit = “0”. The load resistance is ©6(min). HPG hit selects tk atput voltage (Table 54).

When HPMbit = “1”, DAC output signalis oufputto HPL and HPRpins as (L+HR/2 mono sgnal

WhenHPM3 bit = “1”, the sgnalsekcied byMICL3 and MCR3 bits (LIN3/RIN3 inpuss or MC-Amp ouputs) © HPL
and HPRpins as (L+B/2 mono sgnal

HPG bi 0 1
Output Voltage [Vpp] 0.6 x AVDD 0.91 x AVvDD
Table 54. Headphone-ApOutput Voltage

When tie HPMTN bit is “0”, the common voltage of Headphone-Amfalls and he ouputs (HPL and HPRins) go b
“L” (HVSS).When the HPMN bit is “1”, the common voltage rises to HVDD/2 MBAT bit = “0”". A capacitor between
the MUTET pin and ground reduces pop natspower-up. Rise/Fall tieconstanis in proportional to HVDD voltage
and the capacitor at MUTET pin.

[Exanple]: A capacitor between the MUTET pin and ground sufE,(HVDD=3.3V:

Rise/fall time castart: T = 100ns(typ), 250ns(mex)
Time wntil the canmon goes toHVSS wrenHPMTN kit = “1" - “0”: 500ms(mex)

When PMHPL and PMPRbits are “0”, he Headphone-Amis powered-down, andi¢ ouputs (HPL andHPRpins)go
to “L” (HVSS).

PMHPL bit,
PMHPR bit

HPMTN bit

——

|
HPL pin, i
HPR pin :

W @

3 4
Figure 56. Power-uplower-down Tming for Headphone-Am

(1) Headphone-Am power-up (PMHPL, PMHPRIib= “1"). The outputs are still HVSS.

(2) Headphone-Am conmmon vokage rises up (HPMN bit = “1”). Common votage of Headphone-Amisrising.

(3) Headphone-Am common voltage falls down (HPMTN bit 0”). Common voltage of Headphone-Amis falling.

(4) Headphone-Am power-down (PNMPL, PMHPR bit = “0”). The ouputs are HVSS. Iftie power supplis switched
off or Headphone-Ammis powered-down beforéi¢ cormon vokage goesd HVSS, some POP nase occurs.

<External Circuit of Headphone-Amp >

When BOOST=0OFF, he cutoff frequency(fc) of Headphone-Amdepends orhe exernal resstor and capator. This
fc can be sliited to lower frequacy by ushng bass boodtincion. Table 55 showshe cutoff frequencyand he ouput
power for varbus resstor/capacior cormrbinations. The headphonmpedance Ris 16Q. Oufput powers are shown at
HVDD = 3.0, 3.3 and 5.0V. The quitvoltage of headphona D.6 x AVDD (Vpp) @HPG hi= “0” and0.91x AVDD
(Vpp) @HPG hi = “1".

When anexternal resistor R is sfler than 12, put an oscillation preverion circut (0.22uF+20% capacitor and
10Q+20% resistor) because it has the paiigi that Headphone-Amoscillates.
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[ HP-AMP

AK4645

Figure 57. Exgrnal Circuit Exanple of Headphone

fc [Hz] fc [Hz] Output Power [nW]@0dB-S
HPGbit| R[Q] | C[uF] B%OFSFT B:?A?ST HVDD=3.0V | HVDD=3.3V | HVDD=5V
@fectd 1kiiz| AVDD=3.0V | AVDD=3.3V | AVDD=33V
0 220 45 17 25.3 30.6 30.6
100 100 43
100 70 28
0 . . . .
6.8 ps 2 2 125 15.1 15.1
100 50 19
16 p = e 6.3 7.7 7.7
0 220 45 17 51 62 o
. 100 100 43 (Note42) | (Note4?)
22 62 25
100 22 2 Z 11 13 13

Table 55. Ex¢rnal Circuit Exanple
Note 41. Ouput power atL&Q load.
Note 42. Ouput signalis clipped.

<Headphone-Amp PSRR>

When HVDD is direcly suppled fromthe batery in the nobile phone sgtem RF nose nay influences headphone
output performnce. Wen VBAT bit is set to “1”, HP-Armp PSRR for the noise applied to HVDD isgroved. In this
case HP-Amp common voltageis 0.64x AVDD (typ). When AVDD is 3.3V, comrmon voltage is 2.1V. Therefore, when
HVDD voltage becores lower than 4.2V, #output signal will be clipped easily.

VBAT bit 0 1
Common Voltage [V] 0.5 x HVDD 0.64 x AVDD
Table 56. HP-Anp Common Voltage

<Wired OR w ith External Headphone-Amp>

When PWCM=PMHPL=PMHPR bits = “0” and HPZ bi = “1”, HP-Amp is powered-down and HPR/pins are
pulled-down b HVSS by200K2 (typ). In this seting, it is avalable © connectHP-Anmp of AK4645 and exrnal single
suppy HP-Amp by “wired OR. In this mode, power supplcurrentis 20uA(typ).

PMVCM PMHPL/R HPMTN HPZ Mode HPL/R pins
X 0 X 0 Power-down& Mute HVSS Defaut
0 0 X 1 Power-down Pull-down by200k2
1 1 0 X Mute HVSS
1 1 1 X Normal Operaion Normal Operaion

Table 57. HP-Anp Mode Seing (x: Don't care)
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HPL pin
AK 4645

HPR pin
Another
HP-Amp

<Analog Mixing Circuit for Headphone Output>

[AK4645EZ]

Headphone

Figure 58. Wred ORwith External HP-Anmp

When AIN3 bit = “0”, DACH, MINH, LINH2, RINH2, LINH4 and RINH4 bits controls each path switch.
MIN path mixing gan is—20dB(typ) @HPG bi = “0” when he exernal inputresstance § 20kQ.
LIN2, RIN2, LIN4, RIN4 and DACpathes nixing gan is 0dB(typ) @HPG bi = “0”".

LIN2 pin

LIN4 pin

MIN pin

RIN2 pin

RIN4 pin

MIN pin

—» HPL pin

—» HPR pin

LINH2 bit
0dB o o
LINH4 bit
0dB o o
MINH bit
—20dB o o
DACH bit
DAC Lch 0dB oo
Figure 59. HPL Nking rcuit (AIN3 bit = “0”, HPG bt = “0)
RINH2 bit
0dB o o
RINH4 bit
0dB o o
MINH bit
—20dB o o
DACH bit
DAC Rch 0dB oo

Figure 60. HPRVixing Qrcuit (AIN3 bit = “0”, HPG bt = “0”)
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When AIN3 bit = “1”, DACH, LINH2, RINH2, LINH3, RINH3 LINH4, RINH4, MICL3 andMICR3 bits controlseach
path switch
All pates nixing gan is 0dB(typ) @HPG bi = “0".

LINH2 bit
LIN2 pin * 0dB oo
LINH4 bit
LIN4 pin 0dB oo
r""_""q_ ________________ MICL3bit T \NH3 bit | M
LIN3 pin L Q o 0dB oo | —» HPLpin

: >_| *These blocks are not
tLIN1 pin  —————L~ \jc.Amp Lch available at PLL mode. |

DACH bit
DAC Lch 0dB O/ O

Figure 61. HPL Nking Qrcuit (AIN3 bit = “1”, HPG bt = “0”)

RINH2 bit
RIN2 pin 4 0dB O/O
RINH4 bit
RIN4 pin 0dB O/O
7 CUMICR3 Bt T rna bt | M
RIN3 pin L Q 0dB O/O | —» HPRpin

' E X
i > *These blocks are not !
iRIN1 pin ———— MIC-Amp Rch available at PLL mode. !

DACH bit
DAC Rch odB oo

Figure 62. HPRVixing Qrcuit (AIN3 bit = “1”, HPG bi = “0”)
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MW Serial Control Interface

(1) 3-wire Serial Control Mode (12C pin = “L")
Internalregistersnay be written by usig the 3-wire uP interface pins (CSN, GCand CDTI). The data on this interface

consists d a X-bit Chip address (Fixedto “1”), ReadWrite (Fixedto “1"), Regsteraddress(MSB first, 6hits) and Control

dai (MSBfirst, 8bits). Each hiiis clocked h on the rising edge (") of CCLK. Address and datare btched on lhe 16h
CCLK rising edge (1) after CSN falling edge(d”). CSN should be set to “H” once after 16 CCLKs for each address.
Clock speedof CCLK is BMHz (max). The value d interral regsters are ittialized by PDN gn = “L".

esn | r

CDTI “H"or“L" |C1 |A5 |RNV| A4 | A3 | A2 |A1 |AO | D7 | D6 | D5 | D4 | D3 |D2 | D1 |DO | “H” or “L”
o o

C1: Chip Address; Fixed to “1”

R/W: READ/WRITE (“1": WRITE, “0™: READ); Fixed to “1”
A5-A0: Register Address

D7-D0O: Control data

Figure 63. Sedl Control I/F Timing
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(2) I*C-bus Control Mode (12C pin = “H")
The AK4645 suppostthe fastmode FC-bus (max: 400kHz). Pukup resstors atSDA and S pins shoull beconneced
to (TVDD+0.3)V or less voltage.

(2)-1. WRITE Operations

Figure 64 showshe daa transfer sequender the 1°C-bus node. All conmands are peceded by a START condition. A
HIGH to LOW trarsition on the SDA lire while SCL is HIGH indicates a START cuilition (Figure 70). Afer the
START condtion, a shve addressisent This addresss 7 bits long folowed bythe eghth bit thatis a daa direcion bi
(R/W). The nostsignificantsix bits of the slaveaddressrefixed as “001001”. The nekit is CADO (device address bi
This bit idenifies the spedic device on he bus. The hard-wéd nputpin (CADO pin) ses these dewie address ts
(Figure 65). If he shve address aches hat of the AK4645,the AK4645 generass an acknovadge andhe operabn is
execued. The naster nust generag the acknowédge-reéted clock puke and relase tie SDA Ine (HIGH) durhg the
acknowkdge cbck puke Figure 71). A R/Whit value of “1” indicates thaheread operation is to be executed. A “0”
indicates tht the write geratim is tobe eecued

The second kg conssts of the contol register address ofhe AK4645. The forrat is MSB first, and hosemost
significant2-bits are fixed © zeros Figure 66). The datafter the second b contins contol da&. The formatis MSB
first, 8bits (Figure 67). The AK4645 generates an acknowledge after lgdehhas been received. A data transfer is
alwaysterminatedby a STOPcondition gereratecby the master. A LOWo HIGH trarsition on the SDA lire while SCL
isHIGH defines a STOP coniibn (Figure 70).

The AK4645 can performmore than one byte write operati per sequence. After receiving the third byte the AK4645
generags an acknovddge and awés the nextdat. The naster can tansnit more than one bie instead of érminating the
write cycle after the first data byte is transferred. Afbeeiving each data packet the intd 6-bit address counter is
incrermented by one, and the next dataigonatically taken into the next adess. If the address exceeds 24H prior to
generating a stop condition, the addmmsnter will “roll over” to 00H and # previous data will be overwritten.

The daa on the SDA ine nust remain siable during the HIGH perod of the clock. The HIGH or LOWstate of he daa
line can only change when the dtagignal on the SCL lire is LOW (Figure 72) except for the START and STOP

condtions.
S
T S
A R/W="0" T
R o}
T P
SDA |s ilt‘jac\ilrzss iZZress(n) Data(n) Data(n+1) (;1 Data(n+x) H
A A A A A A
c C c c ¥ ¢ C
K K K K K K
Figure 64. Data Transfer Sequence at fBeBus Mode
0 0 1 0 0 1 CADO | RW
(Those @D1/0 shoud match with CAD1/0 pins)
Figure 65. The kst Byte
0 0 A5 Ad A3 A2 Al A0
Figure 66. The Secondyi
D7 D6 D5 D4 D3 D2 D1 DO
Figure 67. Bte Stucture afer the second ke
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(2)-2. READ Operations

Setthe RW bit = “1” for the READ operaion of he AK4645. Afer transnission of dag, the mester can readhie next
address’s data by generating an ackndgéeinstead of terimating the write cgle after receiving the first data word.
After receiving each data packet the int# 6-bit address counter is incremted by one, and the next data is
autonatically taken into the next address. If the addes®eds 24H prior to generating a stop condition, the address
counter will “roll over” to 00H andhe data of 00H will be read out.

The AK4645 supposttwo bast read operadns:CURRENT ADDRESS READ and RANDOMDDRESS READ.

(2)-2-1. CURRENT ADDRESS READ

The AK4645 contains an internal addressinter that mintains the address tfie last word accessed, incremed by
one. Therefore, if the last access (eitheead or write) were to addresshe next CURRENT READ operation would
access data frothe address n+1. After receiving the slagldrass with R/Mbit set to*1”, the AK4645 generates an
acknowkdge, tansnits 1-byte of daf to the address sély the internal address couat and increnent the internal
address counter by 1. If theaster doesiot generate an acknowledge to the datitinstead generates a stop condition,
the AK4645 ceases trangssion.

S
T S
A R/W:nln T
R (0]
T P
Slave -
SDA |s Address Data(n) Data(n+1) Data(n+2) Data(n+x) H
A A A A BB A A
C C C C C C
K K K K K K

Figure 68. CURRENT ADDRESS READ

(2)-2-2. RANDOMADDRESS READ

The randonread operation allows theaster to access anyamory location at randomPrior toissuing the slave address
with the R/Whit set to“1”, the master nuist first gerform a“dummy” write operation. The @ster issues a start request, a
slave address (RV bit = “0”) and hentheregisteraddresso read. Afer the regster addresssiacknowkdged, be mester
immediately reissueshie sartrequeseind he shve addreswith the RW bit setto “1”. The AK4645 hen generas an
acknowkdge, 1 bye of datand ncrenent the internal address coumtr by 1. If the mester does nogenerat an
acknowledge to the data but instead geneeatdsp condition, the AK4645 ceases traission.

S S
T T S
A R/W="0" A R/W="1" T
R R o
T $ T $ - P
SDA |s ilt?f}/:ass igzress(n) s iﬁ;lreess Data(n) Data(n+1) FW Data(n+x) H
A A A A A A A
@ c @ c c @ c
K K K K K K K
Figure 69. RANDOMADDRESS READ
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start condition stop condition

Figure 70. STAR and STOP @nditions

DATA i ="
OUTPUTBY |
TRANSMITTER i

E i not acknowledge \
DATA T T
OUTPUT BY H 1
RECEIVER P
E i acknowledge
SCL FROM P 5
MASTER ' ! 1 8 9
s o f
______ clock pulse for
START acknowledgement
CONDITION
Figure 71. Acknovedge on lhe PC-Bus
| | -
on /| X \
; ; ; __
: ! i
| | |
| | |
i i i --
| | |
SCL i | i
} q ;
I data line I change I
stable; of data
data valid allowed
Figure 72. B Transfer onhe PC-Bus
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W Register Map

Addr | RegisteName D7 | D6 | D5 | D4 | D3 ! D2 | D1 | DO
00H | Power Management 1 0O {PMVCM | PMMIN i 0 | PMLO { PMDAC: 0 | PMADL
01H | Power Management 2 HPZ | HPMTN | PMHPL | PMHPR | M/S | 0 i MCKO | PMPLL
02H | Signal Select 1 0 | 0o | 0 | DACL { 0 | PMMP | 0 | MGAINO
03H | Signal Select 2 LOVL | LOPS | MGAIN1: O ! O i MINL ! 0 | 0
04H | Mode Control 1 PLL3 | PLL2 | PLL1 ; PLLO | BCKO ! 0 | DIF1 ! DIFO
05H | Mode Control2 PS1 ! PSO | FS3 | MSBS | BCKP | FS2 ! FS1 '@ FSO
06H | Timer Sdlect DVTM @ WTM2 | ZTM1 ! ZTMO : WTM1 : WTMO : RFST1 ! RFSTO
07H | ALC Mode Control 1 0o | 0 | ALC | ZELMN ! LMAT1 | LMATO : RGAINO | LMTHO
08H | ALC Mode Control 2 REF7 | REF6 | REF5 | REF4 | REF3 ! REF2! REF1] REFQ
09H | Lch Input Volume Control IVL7 : IVL6 VL5 : IvL4 : IVL3 : IvL2 : IVL1 : IVLO
0AH | Lch Digital Volume Control | DVL7 | DVL6 | DVL5 | DVL4 | DVL3 | DVL2 | DVL1 | DVLO
0BH | ALC Mode Control 3 RGAIN1: LMTH1 | 0 | 0 | 0o | 0 | VBAT | 0
0CH | RchinputVolume Control IVR7 | IVR6 | IVR5 ;| IVR4 | IVR3 | IVR2 ;. IVR1 . IVRO
ODH | RchDigital VolumeControl | DVR7 | DVR6 | DVR5 | DVR4 | DVR3 | DVR2 | DVR1 | DVRO
0EH | Mode Control 3 O | LOOP | SMUTE ! DVOLC ! BST1 | BSTO ! DEM1 : DEMO
OFH | Mode Control 4 0 | 0 | 0 0 | IVOLC | HPM | MINH '@ DACH
10H | Power Management 3 INRLT ! INL1 @ HPG : MDIF2 | MDIF1 ! INRO : INLO : PMADR
11H | Digital Filter Select GN1I : GNO | 0 : FIL1 | EQ : FIL3 | 0 0
12H | FIL3 Co-dficient 0 F3A7 | F3A6 | F3A5 | F3A4 | F3A3 | F3A2 | F3A1 . F3A0
13H | FIL3 Co-efficient 1 F3AS . 0 ' F3A13 : F3A12 : F3Al1l:. F3A10. F3A9 : F3A8
14H | FIL3 Co-eficient 2 F3B7 . F3B6 . F3B5 . F3B4. F3B3; F3B2; F3B1 F3B(
15H | FIL3 Co-efficient 3 0o 0O | F3B13 : F3B12: F3B11: F3B10! F3B9 ! F3B8
16H | EQ Co-efficient 0 EQA7 | EQA6 | EQA5 ;| EQA4 @ EQA3 ! EQA2 ! EQA1l: EQA0
17H | EQ Co-efficient 1 EQA15 | EQAl14 | EQA13 ! EQA12 | EQA1l | EQA10 | EQA9 | EQAS
18H | EQ Co-efficient 2 EQB7 | EQB6 . EQB5 ! EQB4 : EQB3 ! EQB2: EQB1: EQBO
19H | EQ Co-efficient 3 0 0 | EQB13 : EQB12 : EQB11 | EQB10 : EQB9 : EQBS
1AH | EQ Co-efficient 4 EQC7 | EQC6 | EQC5 | EQC4 : EQC3: EQC2: EQC1. EQC(H
1BH | EQ Co-efficient 5 EQC15 . EQC14 | EQC13 : EQC12 | EQC11 : EQC10 | EQC9 : EQCS8
1CH | FIL1 Co-ficient 0 FIA7 . F1A6 . FI1A5 . F1A4 . F1A3 . F1A2 . F1Al1 ;. F1A0
1DH | FIL1 Co-efficient 1 FIAS | 0 | F1A13 ! F1A12 ! F1A1l. F1A10! F1A9 ! FI1A8
1EH | FIL1 Co-dficient 2 FIB7 | F1B6 | F1B5 | F1B4 ! F1B3!  F1B2 F1B1; F1B(
1FH | FIL1 Co-efficient 3 0 | 0 | F1B13 | F1B12 ! F1B1l: F1B10! F1B9 ! FI1BS8
20H | Power Management 4 PMAINR4 | PMAINL4 ' PMAINR3 | PMAINL3 | PMAINR2 | PMAINL2 | PMMICR | PMMICL
21H | Mode Control 5 0O © 0 : MICR3 : MICL3 : L4DIF : MIX : AIN3 : LODIF
22H [ Lineout Mixing Select LOM : LOM3 | RINR4 ! LINL4 ! RINR3 ! LINL3 ' RINR2 @ LINL2
23H | HP Mixing Select 0 ' HPM3 | RINH4 ! LINH4 | RINH3 | LINH3 ' RINH2 | LINH2
24H | Reserved 0 ; 0 1 0 ; 0 ; 0 ; 0 ; 0 ; 0
Note 43. PDN [n = “L” resets tle regsters totheir default values.

Note 44. Unused s must contain a “0” value.

MS0605-E-00 200706

-70 -

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159605/ak4645ez.html

AKM [AK4645EZ]

W Register Definitions

Addr | RegisteName D7 | D6 ' D5 | D4 | D3 | D2 | D1 | DO
00H | Power Management 1 0O | PMVCM | PMMIN { 0 | PMLO | PMDAC{ 0 | PMADL
Default 0 0 E 0 E 0 0 E 0 E 0 E 0

PMADL: MIC-Amp Lch and ADCLch Power Minagenent
0: Power-down(Defaul)
1: Power-up
When the PMADL or PMADR bit is changed frof®” to “1”, the initialization cycle (1059/fs=24sn
@44.1kHz) starts. After iitializing, digital data d the ADC is aitput.

PMDAC: DAC Power Managenent
0: Power-down(Defaul)
1: Power-up

PMLO: Stereo Lhe OutPower Managenent
0: Power-down(Defaul)
1: Power-up

PMMIN: MIN Input Power Managenent
0: Power-down(Defaul)
1:Power-up
PMMIN or PMAINLS bit shoud be seto “1” for playback.

PMVCM: VCOM Power Managenent
0: Power-down(Defaul)
1: Power-up
When any blocks are powered-upetRMVCM Lt must be set to“1”. PMVCM bit canbe setto “0” only
when al power nanagenent bits of 00H, 01H, 02H, 10H, 20H and@GKO bits are “0".

Each block can be powered-down respecyilgi writing “0” in each bit of this @dress. Viien the PDN pin is “L”, all
blocks are pwereddown regardess as settonof this address. Inthis case, reigter is intialized to the defadt value.

When al power nanagenent bits are “0” in the OOH, 01H, 02H, 10H and 20H addresses a@KM bit is “0”, all
blocks are powered-down. The regr vabesrenmsin unchanged. Power suppturrentis 20uA(typ) in this case. Fo
fully shutdown (yp. 1uA), PDN pin shoudl be “L".

WhenneitherADC norDAC are used, external clocksymotbe present. \Wen ADC or DAC is used, external clocks
must always be present.
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Addr | RegisteName D7 ! D6 ! D5 ! D4 ! D3 ! D2 | D1 ! DO
01H | Power Management2] HPZ | HPMTN | PMHPL | PMHPR | M/S | 0  MCKO ! PMPLL
Default 0 | 0 | 0 | 0 | 0 | 0 | 0 0

PMPLL: PLL Power Manageent
0: EXT Mode and Power-Down (Defa)l
1: PLL Mode and Power-up

MCKO: Master Qock Ouput Enabé
0: Disable: MCKO pin = “L" (Default)
1: Enabé: Output frequencyis sekecied byPS1-0 His.

M/S: Master / Slave Mode Select
0: Slave Mode (Default)
1:Master Mode

PMHPR Headphone-Am Rch Power Minagenent
0: Power-down(Defaul)
1: Power-up

PMHPL: Headphone-Amp Lch Power Mnagenent
0: Power-down(Defaul)
1:Power-up

HPMTN: Headphone-Am Mute Control
0: Mute (Defaut)
1: Normal operaton

HPZ: Headphone-Am Pul-down Gntrol
0: Shorted to GND (Default)
1: Puled-down by200k (typ)

Addr | RegisteName D7 . D6 D5 | D4 | D3 | D2 D1 ! DO
02H | Signal Select 1 0 : 0 : 0 . DACL 0 . PMMP . 0 i MGAINO
Default 0 0 0 ! 0 0 0 i 0 i 1

MGAIN1-0: MIC-Amp Gain Control Table 23)
MGAINL1 hit is D5 bit of 03H.

PMMP: MPWR pin Power Minagenent
0: Power-downHi-Z (Defaut)
1: Power-up

DACL: Switch Control from DAC to Line Ouput
0: OFF (Default)
1: ON
WhenPMLO ht is “1”, DACL bit is erabled. When PMLO Hhit is “0”, the LOUT/ROUT pns go to AVSS.
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Addr | RegisteName D7 ! D6 ! D5 ! D4 ! D3 | D2 ! D1 ! DO

03H | Signal Select 2 LOVL LOPS | MGAINL | 0 ' 0 MINL 0 ' 0
Default 0O ¢{ 0 + 0 | 0 i 0 0 i 0 1 0

MINL: Switch Control from MIN pin to Stereo Lne Ouput

0: OFF (Default)
1: ON

WhenPMLO bt is “1”, MINL bit is erabed. WhenPMLO kit is “0”, the LOUT/ROUT fins go to AVSS.

MGAINL1: MIC-Amp Gain Control Table 23)

LOPS: Stereo Line Qput Power-Save Mde

0: Normal Operation (Default)

1: Power-Save Mde

LOVL: Stereo Line Output Gain Seledgble 51 andrable 53)

0: 0dB/+6dB (Defaut)

1: +2dB+8dB
Addr | RegisteName D7 ' D6 : D5 ! D4 : D3 : D2 D1 | DO
04H | Mode Control 1 PLL3 PLL2 PLL1 PLLO BCKO : 0 : DIF1 : DIFO
Default 0O ! 0 0 0 ! 0 ! 0 | 1 0

DIF1-0: Audio Interface Forat (Table 17)

Defadt: “10” (Left jutified)

BCKO: BICK Output FrequencySekctat Master Mode Table 11)

PLL3-0: PLL Reference Clock Seledtable 5)

Default: “0000” (LRCK pin)

Addr | RegisteName D7 | D6 | D5 ! D4 ' D3 ' D2 ! D1 : DO
05H | Mode Control 2 PS1 : PSO ! FS3: MSBS | BCKP ! FS2 :{ FS1 : FSO
Default 0 ' 0 | 0 ' 0 ' 0 ) 0 0 0

FS3-0: Sampling Frequency SelecTable 6 andTable 7) and MCKI FrequencySekct(Table 12)
FS3-0 bis sekctsanpling frequencyat PLL mode and MCKI frequencyat EXT mode.

BCKP: BICK Pdarity at DSP Male (Table 18)

“0”: SDTO b oufput by the rising edge (1”) of BICK and SDTI $ latched bythe faling edge ({”). (Default)
“1”: SDTO b ouiputby the faling edge (") of BICK and SDTI $ latched bythe rising edge ().

MSBS: LRCK Pdarity at DSP Mdle (Table 18)

“0”: The rising edge (") of LRCK is haf clock of BICK before he channethange. (Defat)
“1”: The rising edge () of LRCK isone cbck of BICK before he channethange.

PS1-0: MCKO Oufput FrequencySekct (Table 10)

Default: “00” (256fs)
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Addr | RegisteName D7 ! D6 | D5 ! D4 ! D3 ! D2 ! D1 ! DO

06H | Timer Select DVIM | WTM2 | ZTM1 : ZTMO ! WTM1 : WTMO . RFST1: RFSTO
Default 0 0O | 0 { 0 { 0 0 | 0 0

RFST1-0:ALC FirstrecoverySpeed Table 34)
Defadt: “00"(4times)

WTM2-0: ALC RecoveryWaiting Perod (Table 31)
Default: “000” (128/fs)

ZTM1-0: ALC Limiter/RecoveryOperaton Zero Cosshg Timeout Perbd (Table 30)
Default: “00” (128/fs)

DVTM: Digital Volume Trarsition Time Settirg (Table 40)
0: 1061fs (Defaut)
1: 256fs
This is the trarsition time betweenDVL/R7-0 bits = ®H ard FFH.

Addr | RegisteName D7 ' D6 | D5 ! D4 : D3 : D2 i Dl ! DO
07H | ALC Mode Control 1 0 0 | ALC ! ZELMN ! LMAT1 ! LMATO ! RGAINO | LMTHO
Default 0 i o : 0 0 ! 0 ! 0o 0 0

LMTH1-0: ALC Limiter Detecion Level/ RecoveryCouner ResetLevel (Table 28)
Defadt: “00”
LMTH1 bit is D6 bit of OBH.

RGAIN1-0: ALC RecoveryGAIN Step Tablke 32)
Defaut: “00"
RGAINL1 bit is D7 bit of OBH.

LMAT1-0: ALC Limiter ATT Step Table 29)
Defadt: “00”

ZELMN: Zero Crossing Detection Bble at ALC Liniter Operation
0: Enable(Default)
1:Disabk

ALC: ALC Enable
0: ALC Disable (Default)

1: ALC Enable
Addr ] RegisteName D7 . D6 . D5 D4 . D3 . D2 . D1 . DO
08H |ALC Mode Control 2 REF7 | REF6 : REF5 | REF4 | REF3! REF2 | REFl: REF0
Default i ¢ 1 +: 1 1 0 < 0 ¢+ 0 : 0 i 1

REF7-0: Reference Vale atALC RecoveryOperaiton. 0.375dBstep, 242 Leve(Table 33)
Defadt: “E1H" (+30.0dB)
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Addr |RegisteName D7 ! D6 ! D5 ' D4 ! D3 : D2 ! D1 ! DO
09H [Lch Input Volume Control | IVL7 : IVL6 : IVL5 | VL4 : IVL3 : IVL2 : IVLL ! IVLO
0CH |Rch Input Volume Control] IVR7 T IVR6 ! IVR5 | IVR4 | IVR3 | IVR2 ! IVRL ! IVRO

Default 1 i 1 i 1 i 0 i 0 i 0 ' 0 ' 1

IVL7-0, IVR7-0: InputDigital Volume; 0.375dBstep, 242 Leve(Table 36)
Defadt: “E1H" (+30.0dB)

Addr | RegistetName D7 ! D6 ! D5 ! D4 : D3 ! D2 : D1 ! DO
0AH [ Lch Digital Volume Control | DVL7 | DVL6 | DVL5 | DVL4 | DVL3 | DVL2 | DVL1 | DVLO
ODH | RchDigital VolumeControl | DVR7 | DVR6 | DVR5 | DVR4 | DVR3 | DVR2 ! DVR1! DVRO

Default O { 0 | 0 { 1 i 1 { 0 0 | 0

DVL7-0, DVR7-0: Output Digital Volume (Table 39)
Defadt: “18H” (0dB)

Addr | RegisteName D7 | D6 | D5 ! D4 ' D3 ' D2 ! D1 ! DO
0BH ] ALC Mode Control 3 RGAINLI: LMTH1 : 0 ' 0 ! 0 0O ! VBAT | 0
Default 0 ' 0 : 0 ' 0 ' 0 , 0 0 0

VBAT: HP-Amp Conmon Voltage Table 56)
0: 0.5 x HVDD (Default)
1: 0.64 x AVDD
LMTH1: ALC Limiter Detecion Level/ RecoveryCounter ResetLevel (Table 28)

RGAIN1: ALC RecoveryGAIN Step Table 32)

Addr | RegisteName D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
OEH | Mode Control 3 0 . LOOP ' SMUTE | DVOLC . BST1 . BSTO : DEM1 . DEMO
Default 0 ! 0 | 0 | 1 | 0 0 0 1

DEM1-0: De-enphass Frequencyekct(Table 37)
Defadt: “01" (OFF)

BST1-0: Bass BhostFuncton Seéct(Table 38)
Defadt: “00” (OFF)

DVOLC: Output Digital Volume Control Mode Select
0:Independent
1: Dependen{Defaul)
When DVOLC bit = “1”, DVL7-0 bits control botlich and Rch volura level, while register values of
DVL7-0 bits are not written to DVR7-0 bits. M#n DVOLC bit = “0”, DVL7-0 bits control Lch leveand
DVR7-0 bis contol Rch level, respedvely.

SMUTE: Soft Mute Control
0: Normal Operation (Default)
1: DAC outputs softmuted

LOOP: Digital Loopback Mvde
0: SDTI — DAC (Default)
1 SDTO — DAC
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Addr | RegisteName D7 ! D6 ! D5 ! D4 ! D3 ! D2 ! DIl ! DO
OFH | Mode Control 4 0O ! O : 0 | 0 |IVOLC:!: HPM : MINH . DACH
Default 0O ¢ 0 0 | 0 | 1 0 | 0 | 0

DACH: Switch Control from DAC to Headphone-Am
0: OFF (Default)
1: ON

MINH: Switch Control from MIN pin to Headphone-Amp
0: OFF (Default)
1: ON

HPM: Headphone-Am Mono Ouput Sekct
0: Stereo(Default)
1:Mono
When he HPMbit = “1”, DAC output signalis oufput to Lch and Rh of the Headphone-Amas (L+R/2.

IVOLC: InputDigital Volume Control Mode Setct
0:Independent
1: Dependen{Defaul)
When IVOLCbit = “1", IVL7-0 bits contol both Lch and Rh volume level, while register values oflVL7-0
bits arenat written to IVR7-0 bits. When IVOLC bit = “0”, IVL7 -0 bits cantrol Lch level ard IVR7-0 bits
control Rchlevel, resgctively.

Addr | RegisteName D7 D6 ' D5 ' D4 ¢ D3 ! D2 ! D1 ! DO
10H | Power Management 3 INRLT : INL1 | HPG : MDIF2 : MDIF1 | INRO : INLO : PMADR
Default 0 ' 0 ' 0 : 0 , 0o . 0 | 0 | 0

PMADR: MIC-Amp Lch and ADCRch Power Managenent
0: Power-down(Defaul)
1: Power-up

INL1-0: ADC Lch InputSource Selct(Table 20)
Defadt: 00 (LIN1 pin)

INR1-0: ADC Rch InputSource Seict(Table 20)
Defadt: 00 (RIN1 pin)

MDIF1: Single-ended Full-differenial InputSekct1
0: Single-endednput (LIN1/RIN1 pins: Defaut)
1: Ful-differenial input(IN1+/IN1- pins)
MDIF1 bit sekct the inputtype of phs #32 and #31.

MDIF2: Single-ended Full-differenial InputSekct2
0: Single-endedriput (LIN2/RIN2 pins: Defaut)
1: Full-differenia input (IN2+/IN2— pins)
MDIF2 bit sekct the inputtype of pns #30 and #29.

HPG:Headphone-Amp Gan Sekct(Table 54)

0:0dB (Defaut)
1:+3.6dB
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Addr |RegisteName D7 ! D6 ! D5 ' D4 ! D3 : D2 ! D1 ! DO
11H |Digital Filter Select GNI { GNO ! 0 | FIL1 : EQ : FIL3 ! O ! O
Default O . 0 { 0 { 0 + 0 i+ 0 i+ 0 i o0

GN1-0: Gain Select at GAIN blocK &ble 26)
Defaut: “00"

FIL3: FIL3 (SterecSepration Emphasis Filter) Cefficient Settirg Enalde
0: Disable (Default)
1: Enabk

When FIL3 bt is“1”, the setings of F3A13-0 and F3B-0 bits are enabled. Wn FL3 bit is“0”, FIL3 block
is OFF (MUTE).

EQ: EQ (GainrCampensatian Filter) Ccefficient Settirg Enalde
0: Disable (Default)
1: Enabe

When EQ bi is“1”, the setings of EQA15-0, EQB3-0 and EQC5-0 bis areenabéd. WhenEQ bit is“0”,
EQ block is through (0dB.

FIL1: FIL1 (Wind-noise Redction Filter) Ccefficient Settirg Enale
0: Disable (Default)
1: Enabé

When FIL1 bt is“1”, the setings of F1A13-0 and F1B-0 bits are enabled. Wn FL1 bit is“0”, FIL1 block
isthrough (0dB.

Addr |RegisteName D7 ! D6 ! D5 ' D4 ! D3 | D2 ! DL ! DO
12H |FIL3 Co-dficient 0 F3A7 | F3A6 | F3A5 | F3A4 | F3A3 | F3A2 | F3Al ! F3A0
13H |FIL3 Co-efficient 1 F3AS | 0 | F3A13 | F3A12 @ F3A11 ! F3A10 ! F3A9 @ F3A8
14H |FIL3 Co-dficient 2 F3B7 | F3B6 ! F3B5 ! F3B4 ' F3B3 ! F3B2 | F3B1: F3B0
15H [FIL3 Co-efficient 3 0O | 0 | F3B13 ! F3B12 ! F3B11 | F3B10 : F3B9 ! F3B8
16H |EQ Co-efficient 0 EQA7 | EQA6 | EQA5 | EQA4 | EQA3 ! EQA2 | EQAl ! EQAO
17H |EQ Co-efficient 1 EQA15 : EQAl4 | EQAL3 | EQAL12 | EQALL : EQAIO | EQA9 : EQAS
18H |EQ Co-efficient 2 EQB7 | EQB6 . EQB5 | EQB4 : EQB3 ! EQB2 .| EQB1 : EQBO
19H |EQ Co-efficient 3 0 | 0 ! EQB13: EQBI12 : EQB11 : EQB10 | EQB9 : EQB8
1AH |EQ Co-efficient 4 EQC7 | EQC6:! EQC5 | EQC4 | EQC3: EQC2 ! EQC1l: EQCO
1BH |EQ Co-efficient 5 EQC15 | EQC14 | EQC13 | EQC12 ! EQC11 ! EQC10! EQC9 ! EQCS8
1CH |FIL1 Co-dficient 0 F1IA7 | F1A6 ! F1A5 | F1A4 | F1A3 ! F1A2 ! F1Al1 | F1A0
1DH |FIL1 Co-efficient 1 FIAS | 0 | F1A13 | F1A12 ' F1A11 ! F1A10 : F1A9 '@ FI1A8
1EH |FIL1 Co-dficient2 FIB7 | F1B6 ! F1B5: F1B4 ! F1B3 | F1B2 ! F1B1: Fi1BO
1FH |FIL1 Co-efficient 3 0 ' 0  F1B13 . F1B12 : F1B11 : F1B10 . F1B9 '@ F1B8
Default o ¢+ 0 ¢ 0 ! 0 + 0 + 0 + 0 + 0

F3A13-0, F3B13-0: FIL3 (Stereo SepaoatiEnphasis Filter) Coefficient (14bit x 2)
Default: “0000H"

F3AS: FIL3 (SterecSemration Emphasis Filter) Select
0: HPF (Default)
1: LPF

EQA15-0, EQB13-0, EQC15-C0: EQ (Gain Quensation Filter) Coefficient (14bit x 2 + 16bit x 1)
Default: “0000H"

F1A13-0, F1B13-BO: FIL1 (Wd-noiseReduction Filter) Coefficient (14bit x 2)
Default: “O000H”

F1AS: FIL1 (Wind-noise Redction Filter) Select

0: HPF (Default)
1: LPF
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Addr |RegisteName D7 ! D6 ! D5 ' D4 ! D3 : D2 ! D1 ! DO
20H |Power Management 4 PMAINR4 | PMAINL4 ; PMAINR3 | PMAINL3 | PMAINR2 | PMAINL2 ; PMMICR | PMMICL
Default o + 0 { 0 ¢ 0 + 0 { 0 + 0 i+ 0

PMMICL: MIC-Amp Lch Power Minagenent
0: Power down (Defatil
1: Powerup

PMMICR: MIC-Amp Rch Power Mainagenent
0: Power down (Defati)
1:Powerup

PMAINLZ2: LIN2 Mixing Qrcuit Power Managenent
0: Power down (Defatil
1: Powerup

PMAINR2: RIN2 Mixing drcuit Power Managenent
0: Power down (Defati
1:Powerup

PMAINL3: LIN3 Mixing Grcuit Power Managenent
0: Power down (Defatil
1: Powerup

PMAINR3: RIN3 Mixing drcuit Power Managenent
0: Power down (Defatil
1: Powerup

PMAINL4: LIN4 Mixing Qrcuit Power Managenent
0: Power down (Defatil
1: Powerup

PMAINR4: RIN4 Mixing drcuit Power Managenent

0: Power down (Defatil
1:Powerup
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Addr |RegisteName D7 ! D6 ! D5 ' D4 ! D3 : D2 ! D1 ! DO
21H |Mode Control 5 0O : 0 : MICR3: MICL3 : L4DIF : MIX : AIN3 : LODIF
Default o : 0 ! 0 ' 0 + 0 + 0 + 0 0

LODIF: LineoutSekct
0: Single-ended Streo Lne Ouput (LOUT/ROUT pins) (Defaul)
1: Ful-differenial Mono Line Ouput (LOPLON pins)

AIN3: Analog Mixing Seéct
0: Mono Input(MIN pin) (Defaut)
1: Stereo Input(LIN3/RIN3 pins): PLL is notavalable.

MIX: Mono Recordng
0: Stereo (Default)
1: Mono: (L+R)/2

LADIF: Line InputType Seéct
0: Stereo Single-ended InputLIN4/RIN4 pins (Defaul)
1: Mono Ful-differenia Input IN4+/~ pins

MICL3: Switch Control from MIC-Amp Lch b Analog Ouput
0: LIN3 inputsignalis sekecied. (Defaui)
1: MIC-Amp Lch ouput signalis sekctd.

MICR3: Switch Control from MIC-Amp Rch to Analbg Ouput

0: RIN3 inputsignalis sekbcied. (Defaut)
1: MIC-Amp Rch ouputsignalis sekcied.
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Addr |RegisteName D7 ! D6 ! D5 ' D4 ! D3 : D2 ! D1 ! DO
22H [Lineout Mixing Select LOM : LOM3 ! RINR4 | LINL4 : RINR3 : LINL3 ! RINR2 ! LINL2
Default O . 0 { 0 { 0 + 0 i+ 0 i+ 0 i o0

LINL2: Switch Control from LIN2 pin to Stereo Lhe Ouput (withoutMIC-Amp)
0: OFF (Default)
1: ON

RINR2: Switch Control from RIN2 pin to Stereo Lne Ouput (withoutMIC-Amp)
0: OFF (Default)
1: ON

LINL3: Switch Control from LIN3 pin (or MIC-Amp Lch) © Stereo Lne Ouput
0: OFF (Default)
1: ON

RINR3: Switch Control from RIN3 pin (or MIC-Amp Lch) b Stereo Line Ouput
0: OFF (Default)
1: ON

LINL4: Switch Control from LIN4 pin to Stereo Lhe Ouput (withoutMIC-Amp)
0: OFF (Default)
1: ON

RINR4: Switch Control from RIN4 pin to Stereo Lne Ouput (without MIC-Amp)
0: OFF (Default)
1: ON

LOM3: Mono Mixing fromMIC-Amp (or LIN3/RIN3) to Stereo Lne Ouput
0: Stereo Mixing (Default)
1: Mono Mixing

LOM: Mono Mixing fromDAC to Stereo Lne Ouput
0: Stereo Mixing (Default)
1: Mono Mixing

MS0605-E-00 200706
-80-

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6159605/ak4645ez.html

AKM [AK4645EZ]

Addr |RegisteName D7 ! D6 ! D5 ' D4 ! D3 : D2 ! D1 ! DO
23H [HP Mixing Select 0 | HPM3 : RINH4 | LINH4 | RINH3 ! LINH3 | RINH2 ! LINH2
Default O . 0 { 0 { 0 + 0 i+ 0 i+ 0 i o0

LINH2: Switch Control from LIN2 pin to Headphone Oput (withoutMIC-Amp)
0: OFF (Default)
1: ON

RINH2: Switch Control from RIN2 pin to Headphone Oput (withoutMIC-Amp)
0: OFF (Default)
1: ON

LINH3: Switch Control from LIN3 pin (or MIC-Amp Lch) o Headphone Oput
0: OFF (Default)
1: ON

RINH3: Switch Control from RIN3 pin (or MIC-Amp Lch) b Headphone Oput
0: OFF (Default)
1: ON

LINH4: Switch Control from LIN4 pin to Headphone Oput (withoutMIC-Amp)
0: OFF (Default)
1: ON

RINH4: Switch Control from RIN4 pin to Headphone Oput (without MIC-Amp)
0: OFF (Default)
1: ON

HPM3: Mono Mixing fromMIC-Amp (or LIN3/RIN3) to Headphone Oput
0: Stereo Mixing (Default)
1: Mono Mixing
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| SYSTEM DESIGN

Figure 73 andrigure 74 showdhe systemconnedion diagramfor the AK4645. An evalaion board [AKD4645]s
avalable which denonstates he optmum layout, power suppl arrangerants and neasurerantresuts.
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Notes:

- AVSS and HVSS oftie AK4645 shoud be dstributed separaty from the ground of exdrnal contollers.

- All digital inputpins shoudl notbe Eft floaing.

- Whenthe AK4645is EXT mode(PMPLL bit = “0”), a resstor and capator of VCOC/RIN3 pin isnotneeded.

- When he AK4645 s PLL mode (PMPLL bit = “1"), a resstor and capatir of VCOC/RIN3 pin shoutl be
connected as shown Trable 5.

- When he AK4645 s used atmaster node, LRCK and BCK pins ardloaing beforeM/S bit ischangedo “1”.
Therefore, 100R around putup resstor shoutl be conneetd b LRCK and BCK pins of he AK4645.

- 0.1uF ceranit capacitor should be attached to each supply. The type of otherapacitors is not critical.

- When DVDD is suppled from AVDD via 1Q2 series resistor, the capacitor larger thap®.dhoutl notbe

connectd betveen DVDD andhe ground.

Figure 73. Tpical Connecton Diagram(AIN3 bit = “0”, MIC Inpuf)
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Notes:

- AVSS and HVSS oftie AK4645 shoud be dstributed separaty from the ground of exdrnal contollers.
- All digital inputpins shoudl notbe Eft floaing.
- When AIN3 bit = “1”, PLL is not available.
- When he AK4645 s used amaster node, LRCK and BCK pins ardloaing beforeM/Sbit ischangedo “1”.
Therefore, 100R around putup resstor shoutl be conneetd b LRCK and BCK pins of he AK4645.
- 0.1uF ceranit capacitor should be attached to each supiply. The type of otherapacitors is not critical.
- When DVDD is suppied from AVDD via 1@ series resistor, the capacitor larger thamB.ghoutl notbe
connectd betveen DVDD andhe ground.
Figure 74. Tpical Connecton Diagram(AIN3 bit = “1"; PLL is notavalable, Line Inpuj
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1. Grounding and Pow er Supply Decoupling

The AK4645 requies carefultention o power sipply and groundig arrangermnts. AVDD, DVDD, TVDD andHVDD
are usudy suppled fromthe systenis anabg suppy. If AVDD, DVDD, TVDD andHVDD aresuppled separatly, the
power-up sequencs motcritical. PDN ph shoutl beheld to “L” upon power-up. PDN pi shoutl be seto “H” after all
power suppks are powered-up.

In caselhatthe pop nase shoud be avaied atine ouputand headphone quit, the AK4645 shoud be operad bythe
following reconmended power-ugfown sequence.

1) Power-up

- PDN pn shoutl be heti to “L” upon power-up. The AK4645houtl be reseby bringing PDN pin “L” for 150ns or
more.

- In caselhatthe power suppés are separad in two or nore groups,he power supplincluding TVDD shoudl be
powered ON afirst Regardag the rektionshp betveen DVDD and HVDD, he power suppi including DVDD
shout be powered ON i to the power suppiincluding HVDD.

2) Power-down

- Each power supjss shoull be powered OFF &ftPDN ph is setto “L".

- In casehatthe power suppés are separed in two or nore groups,he power supylincluding TVDD shoudl be
powered OFF dist Regardig the rektionshp betveen DVDD and HVDD, e power suppl including HYDD
shout be powered OFF qi to the power supplincluding DVDD.

AVSS and HVSS oftte AK4645 shoud be conneed b the anabg ground mne. Sgtemanabg ground and dital
ground shou be conneetd bgeher neard where he supples are broughont the printed circuit board. Decouphg
capaciors shoutl be as neaotthe AK4645 as posBle, with the snall value cerant capadior being the nearest

2. Voltage Reference

VCOM is a sgnalground of his chip. A 2.2uF electrdytic capacitar in parallel witha Q1uF ceranic capacitor attached
to the VCOM pin eiminates he effecs of high frequencynoise. No bad currentnay be drawn fronthe VCOM pin. All
signak, espeally clocks, shoud be keptawayfrom the VCOM pin in order b avod unwanéd couping into the
AK4645.

3. Analog Inputs

TheMic, Lineand MN input are gigle-ended. Thenputsignalrange scas wih nonminally at0.06 x AVDD Vpp(yp)
@MGAIN1-0 bits = “01", 0.03 x AVDD Vpp(¥p) @MGAIN1-0 bits = “10", 0.015 x AVDD Vpp(yp) @MGAIN1-0
bits= 11" or 0.6 x AVDD Vpp(¥p) @MGAIN1-0 bits = “00” for the Mic/Line nputand 0.6 x AVDDVpp (typ) for the
MIN input, cenéered aroundte internal common volage (0.45¢< AVDD). Usualy theinputsignalis AC coupkd ushg a
capacitor. The cut-off frequendy fc = (1/Z2RC). The AK4645 can accept input voltages frAWSS to AVDD.

4. Analog Outputs
The input data forat for the DAC is 2’'s coplement. The output voltage is a positive full scale TofFFH(@ 16bitland

a negabvwe full scak for 8000H(@16M). The dealoutputis VCOM voltage for 0000H(@16k). Sereo Lhe Ouputis
cenered at0.45 x AVDD. The Headphone-Amoutputis cenered atHVDD/2.
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| CONTROL SEQUENCE |

m Clock Set up
When ADCor DAC is powered-up,te clocks nust be supgked.

1.PLL Master Mode.

Example:

Power Supply / Audio I/F Format: MSB justified (ADC & DAC)
! a BICK frequency at Master Mode: 64fs
PDN pin 42‘ Input Master Clock Select at PLL Mode: 11.2896MHz
: MCKO: Enable
@ @ Sampling Frequency: 44.1kHz

PMVCM bit ﬂ
(Addr:00H, D6) ' ‘
MCKO bit —\Al (1) Power Supply & PDN pin = “L” > “H”
(Addr:01H, D1) \b

(Ed’\(:lrf)lzh, gi;) —] (2)Addr:01H, Data:08H

i ®) Addr:04H, Data:4AH
MCKI pin /V / Input Addr:05H, Data:27H

. : i v
o i | (3Addro0H, DatadoH |

i ' 40msec(max) ' ;
‘ | ; 16 ¢
BICK pin P i | output : .
ERek an % 1 | p | (4)Addro1H, Data:0BH |
! 40msec(max) i
; : ¢ '1(8) \b
MCKO pin [ o | ouput | MCKO, BICK and LRCK output |
Figure 75. Gock SetUp Sequence (1)
<Exanple>

(1) After Power Up, PDN pin = “L™ “H". “L” t ime of 150ns or mre is neededd resetthe AK4645.
The AK4645 shou be operad by the recormended power-updlown sequenceshown n “System Desgn
(Grounding and Power SuppDecouping)” to avod the pop nase atline ouput and headphone quit

(2) DIF1-0, PLL3-0, FS3-0, BKO and MS bis shoud be seduring tis period.

(3) Power UpVCOM PMVCM bit = “0" - “1”
VCOM shoutl firstbe powered-up Iiere the oher bbck operats.

(4) In case of usig MCKO output MCKO bit = “1”
In case of nousihg MCKO output MCKO bit = “0”

(5) PLL lock time is Dms(max) after PMPLL fit chargesfrom “0” to “1” and MCKI is supplied froman external
source.

(6) The AK4645 srtsto outputthe LRCK and BCK clocksafter the PLL becongs stable. Thennormal operaton
starts.

(7) The nvalid frequencyis output from MCKO pin during this period if MCKO bit = “1”.

(8) The nornal clock is output from MCKO pin after the PLL is locked f MCKO bit = “1".

MS0605-E-00 200706
-85 -

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159605/ak4645ez.html

AKM

2.PLL Slave Mode (LRCK or BICK pin)

Power Supply /

e
PDN pin 421
i @ @

[AK4645EZ]

Example:
Audio I/F Format: MSB justified (ADC & DAC)
PLL Reference clock: BICK
BICK frequency: 64fs
Sampling Frequency: 44.1kHz

(1) Power Supply & PDN pin =“L" = “H"

PMVCMbit | iq
(Addr:00H, D6) : i
PMPLL bit i

(Addr:01H, DO) !

BICK pin

LRCK pin i /i

Internal Clock

®)

—

(2) Addr:04H, Data:32H
Addr:05H, Data:27H

v

| (3)Addro0H, Data:d0H |

v

| (4)Addro1H, Data:01H |

Figure 76. Gock SetUp Sequence (2)

<Exanple>

(1)After Power Up, PDN pin = “L'=> “H”. “L”" t ime of 150ns or mre is neededd resetthe AK4645.
The AK4645 shoull be operatd by the recormendedpower-upflown sequence shown fSystem Desgn
(Grounding and Power SuppDecouping)” to avod the pop nase atline ouputand headphone quit

(2)DIF1-0, FS3-0 and PLL3-0 tsishout be setluring tis period.
(3)Power Up VCOM PMVCM bit = “0” - “1”
VCOM shoutl firstbe powered up liere the other bbck operads.

(4)PLL starts after tt PMPLL bit changes from“0” to “1” and PLL reference ock (LRCK or BICK pin) is
suppled. PLL lock time is 160ms(mex) when LRCK isa PLL reference ock. And PLL bck time is 2ms(mex)

when BICK is a PLL reference clock.
(5)Normal operation stats after that the PLL is locked.
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3.PLL Slave Mode (MCKI pin)

[AK4645EZ]

Example:

Audio I/F Format: MSB justified (ADC & DAC)
BICK frequency at Master Mode: 64fs
Input Master Clock Select at PLL Mode: 11.2896MHz
MCKO: Enable
Sampling Frequency: 44.1kHz

Power Supply /

(1) Power Supply & PDN pin = “L” = “H”

) 1 )
PDN pin 4:»‘

PMVCM bit
(Addr:00H, D6)

(2)Addr:04H, Data:4AH
Addr:05H, Data:27H

MCKO bit
(Addr:01H, D1)

v

| (3)Addr00H, Data:doH |

PMPLL bit
(Addr:01H, DO)

©)

v

MCKI pin

Input

| (4)Addro1H, Data:03H |

77

| @ 40msec(max) \
P
i

(@

v

MCKO pin i

(6)

‘ MCKO output start ‘
Output \J/

BICK pin

®)

‘ BICK and LRCK input start
Input

LRCK pin

<Exanple>

Figure 77. Gock SetUp Sequence (3)

(1) After Power Up, PDN pin = “L™ “H". “L”" t ime of 150ns or mre is neededd resetthe AK4645.
The AK4645 show be operad by the recommended power-updlown sequence shown fSystem Desgn
(Grounding and Power SuppDecouping)” to avod the pop nase atline ouputand headphone quit

(2) DIF1-0, PLL3-0 and FS3-0tsishoutl be setluring this period.

(3) Power Up VCOMPMVCM bit = “0” > “1”
VCOM shoud firstbe powered up lbere the oher bbck operads.

(4) Enade MCKO autput: MCKO bit = “1”

(5) PLL starts after tht the PMPLL bt changes fromi0” to “1” and PLL reference ok (MCKI pin) is suppied.
PLL lock time is &ms(max).

(6) The hvalid frequencyis output from MCKO during this period.

(7) The normal clock is output from MCKO after PLL islocked.

(8) BICK and LRCK clocks shoud be sychronzed wih MCKO clock.
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4.EXT Slave Mode

[AK4645EZ]

Example:
Audio I/F Format: MSB justified (ADC and DAC)
Input MCKI frequency: 256fs
Sampling Frequency: 44.1kHz
MCKO: Disable

Power Supply /

(1) Power Supply & PDN pin = “L” > “H”

. L@
PDN pin

@ @

(2) Addr:04H, Data:02H

PMVCM bit —p>
(Addr:00H, D6) !

MCKI pin

4)

Addr:05H, Data:00H

v

LRCK pin
BICK pin

()

Input | (3)Addr00H, Data:d0H |

v

Input

<Exanple>

‘ MCKI, BICK and LRCK input ‘

Figure 78. Gock SetUp Sequence (4)

(1) After Power Up, PDN pin = “L™ “H". “L" t ime of 150ns or mre is neededd resetthe AK4645.
The AK4645 show be operad by the reconmended power-updlown sequence shown fSystem Desgn
(Grounding and Power SuppDecouping)” to avod the pop nase atline ouputand headphone quuit

(2) DIF1-0 and FS1-0 ts shout be seturing tis period.

(3) Power Up VCOMPMVCM bit = “0” > “1”
VCOM shoud firstbe powered up lbere the oher bbck operats.

(4) Normal operaiton sarts after the MCKI, LRCK and BCK are suppkd.
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5.EXT Master Mode

Example:
Audio I/F Format: MSB justified (ADC and DAC)
Input MCKI frequency: 256fs
Sampling Frequency: 44.1kHz
MCKO: Disable

‘ (1) Power Supply & PDN pin = “L” > “H” ‘

Power Supply /

e
PONpin <] ‘ (2) MCKI input
) @ ¢
PMVCM bit %
(Addr:00H, D6) (3) Addr:04H, Data:02H
&) Addr:05H, Data:00H
Addr:01H, Data:08H

MCKI pin / Input
v

o)
MI/S bit
(Addr:01H, D3) | ‘ BICK and LRCK output ‘

LRCK pin ‘
. Output
BICK pin | P | (4) Addr00H, Data:40H |

Figure 79. Gock SetUp Sequence (5)

<Exanple>
(1) After Power Up, PDN pin = “L™ “H". “L" t ime of 150ns or mre is neededd resetthe AK4645.
The AK4645 show be operad by the reconmended power-updlown sequence shown fSystem Desgn
(Grounding and Power SuppDecouping)” to avod the pop nase atline ouputand headphone quuit

(2) MCKI should be nput
(3) After DIF1-0 and FS1-0 b8 are setM/S bit shoull be seto “1”. Then LRCK and BCK are ouput.

(4) Power Up VCOMPMVCM bit = “0” > “1”
VCOM shoutl firstbe powered up liere the oter bbck operads.
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W MIC Input Recording (Stereo)

Example:
PLL Master Mode
Audio I/F Format:MSB justified (ADC & DAC)
Sampling Frequency:44.1kHz
Pre MIC AMP:+20dB
MIC Power On
FS3-0 bits ) C setting:Refer to Table 3
(Addr:05H, D5&D2-0) 0:'000 :i 1111 o
o¢—p | (1) Addr05H, Data:27H |
MIC Control 001 o1 v
(Addr:02H, D2-0) @ 0 ‘ (2) Addr:02H, Data:05H ‘
ALC Control 1 OOH 3CH | (3) Addr.06H, Data3CH |
(Addr:06H) @) \L
ALC Control 2 E1H E1H ‘ (4) Addr:08H, Data:E1H ‘
@ v

‘ (5) Addr:0BH, Data:00H ‘
OOH v

ALC Control 3 00H

|
T
'
I
T
'
'
T
'
'
L
[
'
!
(Addr:08H) !
I
'
'
|
'
|
i
'
|
T
|
I
I
'

(Addr:0BH)
®) | (6)Addro7H, Data:21H |
ALC Control 4
(Addr:07H) O7H 21H 01H (7) Addr:00H, Data:41H
®) ) Addr:10H, Data:01H
ALC State ALC Disable ALC Enable | ALC Disable ! -
: : Recording
PMADL/R bits v
(Addr:00H&10H, DO) 1059 / fs | (8) Addr:00H, Data:40H
(7)' < > : 1 (8) Addr:10H, Data:00H
ADC Internal Power Down Initialize | Normal State | Power Down !
State ‘ (9) Addr:07H, Data:01H
Figure 80. MC Input Recordihg Sequence
<Exanple>

This sequencesian exarple of ALC seting atfs=44.1kHz.If the pararater of the ALC is changed, please refer to
“Figure 36. Rgisters setup sequence &LC operaiton”

At first, clocks shoulde supplied according to “Clock Set Up” sequence.

(1) Setup a sarpling frequencyFS3-0bit). Whenthe AK4645 s PLL mode, MC and ADCshoud be powered-up
in consderaion of PLL lock time afer a samling frequencys changed.

(2) Setup MIC input(Addr: 02H)

(3)Set up Tiner Select for ALC (Addr: 06H)

(4) Setup REF value for ALC (Addr: 08H)

(5) Setup LMTH1 and RSAIN1 bits (Addr: 0BH)

(6) Setup LMTHO, RGAINO, LMAT1-0 and ALCbits (Addr: 07H)

(7)Power Up MC and ADC: PMADL = PMADR bits = “0” — “1”
The initialization cycle tira of ADC is 1059/fs=24re@fs=44.1kHz.
After the ALC bit is setto “1" and MIC&ADC block is powered-up,He ALC operaion shrts from IVOL
defaut value (+30dB.
The time d offset woltage going to “0” after the ADC initialization cycle cepers on both the time of analog
inputpin going © the common vokage and e ime consant of the offsetcanceldigital HPF. This time canbe
shorer by using te following sequence:
At first, PMVCM and PMMP bits shoull setto “1”. Then, te ADC shoutl be powered-upThe wait time to
power-upthe ADC shoutl be longerthan 4 timesof the tme consant that is deermined bythe AC couping
capacior atanabg inputpin and he internal inputresstance 60k{p).

(8) Power Down MC and ADC: PMADL = PMADR bits = “1" — “0”
When the registers for the ALC operation are not changeC bit may be keepig “1”. The ALCoperatonis
disabled because the MIC&ADC block is powered-dadivtheregisters for the AL@peration are also changed
when he sanpling frequencys changed,tishout bedone afer the AK4645 goesathe manualmode (ALCbit
=“0") or MIC&ADC block is powered-down (PMDL=PMADR bits = “0”). IVOL gain is not resetwhen
PMADL=PMADR bits="“0", and hen IVOL operabn starts from the seting vale when PM\DL or PMADR
bit is changedto “1”.

(9)ALC Disable: ALC bit = “1"— “0”
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B Headphone-amp Output

Example :
PLL Master Mode
Vol e i s et
FS3-0bits g 0o 1,111 Digkal v olum e Level e
(Addr:05H, D5&D2-0) ) gefrem pha:es response: OFF
oft ute Time: s
R (1) Addr:05H, Data:27H
e, Je R
’ ' ‘ (2) Addr:0FH, Data 09H ‘
BST1-0 bits 00 10 >< 00 \/
(Addr:0EH, D3-2) 5 > ‘ (3) Addr:0EH, Data 19H ‘
® (B N
IVL/R7-0 bits E1H 91H ‘ (4) Addr:09H&OCH, Data 91H ‘
(Addr:09H&OCH, D7-0) N
@ [ (5) Addr:0AH&ODH, Data 28H |
DVL/R7-0 bits L
(Addr:OAHZODH, D7-0) 18H 28H ‘ (6) Addr:00H, Data 64H
®) N
PMDAC bit | | [ () Addr:o1H, Data 39H
(Addr:00H, D2) N
(©) (11) [ (8) Addr:01H, Data 79H

K

|
|
|
PMMIN bit

(Addr:00H, D5) | ‘ Playback ‘
. [ @ AddroiH, patazon |

PMHPL/R bits | @ 0) |
(Addr:01H, D5-4) ‘
|
|
|

K

‘ (10) Addr:01H, Data 09H

HPMTN bit (8) 9) ‘ (11) Addr:00H, Data 40H
(Addr:01H, D6)

‘ (12) Addr:0EH, Data 00H
HPL/R pins Normal Output

‘ (13) Addr:0FH, Data 08H

Figure 81. Headphone-AmOutput Sequence
<Exanple>
At first, clocks shoulde supplied according to “Clock Set Up” sequence.
(1) Setup a sarpling frequencyFS3-0 bis). Whenthe AK4645 s PLL mode, DACand Headphone-Amshoud
be powered-umiconsderaton of PLL ock time afer a sampling frequencys changed.

(2) Setup the pah of “DAC — HP-Amp™": DACH bit = “0” — “1”

(3) Setup the low frequencyboostlevel (BST1-0 bis)

(4) Setup the inputdigital volume (Addr:09H and OEl)

When PMADL = PMADR bits = “0”, IVL7-0 and IVR7-0 bits shout be seto “91H"(0dB).

(5) Setup the ouput digital volume (Addr:0AH and ODH)
When DVOLC bit is*1” (default),DVL7-0 bits set the volueof both channels. After DAC is powered-up,
the digital volume changes frordefaut value (0dB to the regster seting valie bythe softtranstion.

(6) Power up DAC and MN-Amp: PMDAC = PMMIN bits = “0” — “1”
The DAC erters annitialization cycle that starts wanthe PMDAC it is changedfrom “0” to “1” atPMADL
and PMADR bits are “0”. The initialization cle time is 1059/fs=24m@fs=44.1kHz. During the
initialization cycle, the DAC input digitalataof both channels are internafigrced to a 2 conpliment, “0”.
The DAC output reflects the digitahput data after the initialization ¢ is conplete. When PMADL or
PMADR bhit is “1”, the DAC des rot require aninitialization cycle. When ALC bit is “1”, ALC is disable
(ALC gain is setby IVL/R7-0 bits) during an ntidizaion cycle (1059s=24nms@fs=44.1kHz). Afr the
initialization cycle, ALC geratim starts fran the gain set ly IVL/R7-0 bits.

(7) Power up headphone-anrPMHPL = PMHPR bits = “0” — “1”
Output voltage of headphone-piis still HVSS.

(8) Rise up he common volkage of headphone-gmHPMTN bit = “0” — “1”
The rise tine depends on HVDD and the capacitor eadonnected with the MUTET piWhenHVDD=3.3V
and the capacitor value is 1B, the time canstart is tr = 100ns(typ), 250ns(mex).

(9) Fal down he common votage of headphone-gmmHPMTN bit = “1” — “0”
Thefall time depends on HVYDD and the capacitor valoenected with the MUTET pin. kén HYDD=3.3V
and the capacitor value is 1B, the time canstart is T = 100ns(typ), 250ns(mex).
If the power supplis powered-off or headphone-Anis powered-down befordi¢ common vokage goesd
GND, the pop nase occurs. Itakes wice oftf that the common voltage goes to GND.

(10) Power down headphone-agnPMHPL = PMHPRbits = “1” — “0”

(11) Power down DAC and MN-Amp: PMDAC = PMMIN bits = “1” — “0”

(12) Off the bass boosBST1-0 bis = “00”

(13) Disabk the pah of “DAC — HP-Amp”: DACH bit = “1” — “0”
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W Stereo Line Output

Example:
PLL, Master Mode
Audio I/F Format :MSB justified (ADC & DAC)
FS3-0 bi f Sampling Frequency: 44.1kHz
- its Digital Volume: -8dB
(Addr:05H, D5&D2-0) 0,000 >< 1111 LOVL=MINL bits = 0"

L 10 [ (1)AddrosH, Data:27H |
DACL bit e

; v
(Addr:02H, D4) | [ (2 Addr02H, Data:loH |
i v

| (3) Addr:09H&OCH, Data:91H |

(Addr:09H&0CH, D7-0) 1
@ | (4) Addr:0AH&ODH, Data:28H |
DVL/R7-0 bits :
(Addr:0AH&ODH, D7-0) 18H ! 28H | (5)Addr:03H, Data:40H |
@
LOPS bit i | (6) Addr:00H, Data:6CH |
(Addr:03H, D6) !
PMDAC bit ©) i@ ®) 1D [(7)Addr03H, Data0OH |
i i |
(Addr:00H, D2) l | : \ Playbacy \
PMMIN bit | ! | !
(Addr:00H, D5) | | (8)AddrO3H, Data:40H |
1©) l o
PMLO bit [( ) | (9)Addr00H, Data:40H |
(Addr:00H, D3) >300 ms

| (10) Addr:02H, Data:00H |

LOUT pin i ; p— 1 >300 ms
ROUT pin ! | ormal Output [ (11) Addr03H, Data:00H _ |

Figure 82. Streo LheoutSequence

<Exanple>

At first, clocks shoulde supplied according to “Clock Set Up” sequence.

(1) Setup the sanpling frequency(FS3-0bits). When he AK4645 & PLL mode, DACand S¢reo Lne-Anp
shoutl be powered-umiconsderaton of PLL lock time afer the sanpling frequencys changed.

(2) Setup he pah of “DAC - Stereo Line Amp”: DACL bit = “0" > “1”

(3) Setup he inputdigital volume (Addr:09H and OEl)

When PMADL = PMADR bits = “0”, IVL7-0 and IVR7-0 bits shout be seto “91H"(0dB).

(4) Setup he ouputdigital volume (Addr:0AH and ODH)
When DVOLC bit is*1” (default),DVL7-0 bits set the volumof both channels. After DAC is powered-up,
the digital volume changes frordefaut value (0dB to the regster seting valie bythe softtranstion.

(5) Enter power-save wde of Séreo Lne Anp: LOPS bt = “0” > “1”

(6) Power-up DAC, MN-Amp and Stereo Line-Am PMDAC = PMMIN = PMLO bits = “0" — “1”
The DAC erters aninitialization cycle that starts wanthe PMDAC hit is changedfrom “0” to “1” atPMADL
and PMADR bits are “0". The initialization cle time is 1059/fs=24m@fs=44.1kHz. During the
initialization cycle, the DAC input digitalataof both channels are internafigrced to a 2 conpliment, “0”.
The DAC output reflects the digitahput data after the initialization cl¢ is conplete. When PMADL or
PMADR bit is “1”, the DAC cbes rot require aninitialization cycle. When ALC bit is “1”, ALC is disable
(ALC gain is setby IVL/R7-0 bits) during an ntializaion cycle (1059fs=24ns@fs=44.1kHz). A#r the
initialization cycle, ALC geratin starts fran the qain set ly IVL/R7-0 bits.
LOUT and ROUT pins rise up ® VCOM voltage afer PMLO bit ischangedo “1”. Rise tme is 300rs(Imex)
at C=1uF and AVDD=3.3V.

(7) Exit power-save wde of Sereo Line-Anp: LOPS bit = “1"> “0”
LOPS bt shout be seto “0” after LOUT and FOUT pins rise up. Streo Lne-Anmp goes 6 normel operaion
by settirg LOPS it to “0”.

(8) Enter power-sae node of StereoLine-Amp: LOPS fit; “0” = “1”

(9) Power-down DAC, NIN-Amp and Stereo Line-Am PMDAC = PMMIN = PMLO bits = “1”" — “0”
LOUT and FOUT pins fal down b AVSS. Fal time is 300nms(mex) at C=1uF and AVDD=3.3V.

(10)Disabk te pah of “DAC -> Stereo Line-Amp”: DACL bit =“1" > “0”

(11)Exit power-save wde of Sereo Line-Anp: LOPS bit = “1"-> “0”
LOPS bt shoutl be seto “0” after LOUT and FOUT pins fal down.
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m Stop of Clock
Master clock can be sipped when ADGnd DACare notused.

1. PLL Master Mode

[AK4645EZ]

Example:
1) Audio I/F Format: MSB justified (ADC & DAC)
PMPLL bit ' BICK frequency at Master Mode: 64fs
. Input Master Clock Select at PLL Mode: 11.2896MHz
(Addr:01H, DO) ! Sampling Frequency: 44.1kHz
-
MCKO bit " o g
or | (1) (2) AddrO1H, Data:08H |

(Addr:01H, D1)

!

External MCKI Input

’ (3) Stop an external MCKI ‘

Figure 83. Gock Sbpping Sequence (1)

<Exanple>
(1) Power down PLL: PMPLL bit = “1> “0”
(2) Stop MCKO clock: MCKO bit = “1” — “0”
(3) Stop an external aster clock.

2.PLL Slave Mbde (LRCK or BICK pin)

Example
1) Audio I/F Format: MSB justified (ADC & DAC)
PMPLL bit — | PLL Reference clock: BICK
i BICK frequency: 64fs
(Addr.01H, DO) : Sampling Frequency: 44.1kHz
@
1
S Input . | (1) Addr01H, Data:00H |
i )
External LRCK Input !
: ’ (2) Stop the external clocks ‘
Figure 84. Gock Sbpping Sequence (2)
<Exanple>

(1) Power down PLL: PMPLL bit = “1> “0”
(2) Stop the exernal BICK and LRCK clocks

3.PLL Slave (MCKI pin)

Example

. —-1) Audio I/F Format: MSB justified (ADC & DAC)
PMPLL bit PLL Reference clock: MCKI
(Addr:01H, DO) BICK frequency: 64fs
:(1) Sampling Frequency: 44.1kHz
MCKO bit |
(Addr01H, D1) | (1) Addro1H, Data:00H |
L@ U
External MCKI Input i
L ’ (2) Stop the external clocks ‘
Figure 85. Gock Sbpping Sequence (3)
<Exanple>

(1) Power down PLL: PMPLL bit = “1> “0”
Stop MCKO output MCKO bit =“1" — “0”
(2) Stop the external aster clock.
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4. EXT Slave Mode

External MCKI Input |
1 Example
i 1) Audio I/F Format: MSB justified (ADC & DAC)

Input MCKI frequency: 1024fs

External BICK Input : Sampling Frequency: 44.1kHz
L)
1

External LRCK Input i ’ (1) Stop the external clocks

Figure 86. @ock Sbpping Sequence (4)
<Exanple>

(1) Stop the exernal MCKI, BICK and LRCK clocks.

5. EXT Master Mode

&)

External MCKI Input i
1 Example
E Audio I/F Format: MSB justified (ADC & DAC)
npgn o Input MCKI frequency: 1024fs
BICK OUtpUt : H"or "L’ Sampling Frequency: 44.1kHz
1
1
1 npn nen
LRCK Output i H"or L ’ (1) Stop the external MCKI
Figure 87. Gock Sbpping Sequence (5)
<Exanple>

(1) Stop MCKI clock. BICK and LRCK are fixed b “H” or “L".

B Power dow n
Power suppl currentcan be shudown (i/p. 20uA) by stopping clockaind setting PMVCM bit = “0” after all blocks

exceptfor VCOM are powered-down. Power supplrrentcan be alo shutdown (yp. 1uA) by stopping clocks and
settig PDN gn = “L”. WhenPDN pgn = “L”, the regsters are iitialized.
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AKM
| PACKAGE |
® 32pin QFN (Unit: mm)
» 40£0.1 - _26+01 _
| 17 I 24 \J
¥ ! UL 0.40 £ 0.10
I 16_\ | s A
| A :l | :
pa i S % | E
iy _'_'_'_'_'i ________ B :;' I e 2 e A B s M
< | N :l Exposed :l
i  J ;ll Pad | :
i 5 — 32 §
Y I

1 A

gl |:||_|:|_|[|| N 0.45 £ 0.10

0.18+0.05_| | C0.3
> PIN #1 1D

0.22 + 0.05

-
<

-t

»
!l

0.00 MIN
0.05 MAX
0.65 MAX

Note) The exposed pad on the botteunface of the gckage mst be open or connected to the ground.

W Material & Lead finish
Packagenolding conpound:  Epoxy

Lead frame material: Qu
Leadframe surfacetreatnent:  Solder (Pb free) plate
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| MARKING |

4645

XXXX

O
1

XXXX: Date code (4 digit)
Pin #1 ndicaion

[ REVISION HISTORY

Date (YY/MM/DD) | Revision | Reason Page Contents
07/0649 00 First Edition

IMPORTANT NOTICE

® These produstand heir specficaions are subjedb change whoutnotce.
When you consiler anyuse or apptaion of theseproduds, please reke inquiries he saés office of AsahiKasei
EMD Corporaton (AKEMD) or auhorized dstributors as® currentstatus of he producs.
® AKEMD assumesno liability for infringement of ary paten, intellectual property, a other rights inthe agplication or
use of anynformaton conained herai.
® Any exportof these produs} or devces orsystens confaining them may requie an exporticense or dter official
approvalunder be law and regutions of he county of export pertining o cusbms and #riffs, currencyexchange,
or stategic meterials.
® AKEMD products are neither intended raathorized for use as critical cquanentgoey)in anysafey, life supportor
other hazard related device or sysiggm, and AKEMD assures no responsibilitfor such use, except for the us¢
approved with the express writterconsert by Repesertative Directad of AKEMD. As usedhere:
Notel) A critical conmponentis one whose féire o fundion or performmay reasonalyl be expead b resut,
wheter drecly or indirecty, in the loss of he safey or effecivenesof the device or systemcontiningit, and
which must trerefae meet \ery high stardards d performance anl reliaklity.
Note2) A hazard relatedeviceor systemis one designed or intended for Idiepport or reintenance of safety or
for applications in redicine, aerospacayclear energy, or otheefds, in which its failure to function perform
may reasonalyl be expead b resut in loss of Ife orin significantinjury or danage b person or propeyt
® |t is the responsibility of the buyer distributor of AKEMD ppoducts, who distributeslisposes of, or otherwise
places the product with a third party nimtify such third party imdvance of the abowe®nient and conditions, and the]
buyer or distributor agrees to assuamy and all reponsibility and liability for and hold AKEMD hatless fromany
and al claims arising fromthe use of sai productin the absence of such iifataion.
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