ASAHI KASEI [AK4647]

AKM AK4647
Stereo CODEC with MIC/HP-AMP

| GENERAL DESCRIPTION |
The AK4647 features a stereo CODEC with a built-in Microphone-Amplifier and Headphone-Amplifier.
Built-in PLL circuit supports an easy interface with variable systems. The AK4647 is available in a 48pin
LQFP, utilizing less board space than competitive offerings.

| FEATURES |
1. Recording Function
e Stereo Mic Input (Full-differential or Single-ended)
e Stereo Line Input
e MIC Amp lifier (+32dB/+26dB/+20dB or 0dB)
¢ Digital ALC (Automatic L evel Control)
(+36dB ~-54dB, 0.375dB Step, Mute)
e ADC Performance: S/(N+D): 83dB, DR, S/N: 86dB (MIC-Amp=+20dB)
S/(N+D): 88dB, DR, S/N: 95dB (MIC-Amp=0dB )
e Wind-nois e Reduction Filter
e Stereo Separation Emphasis
e Programmable EQ
2. Playback Function
e Digit al De-emphasis Filter (t c=50/15us, fs=32kHz, 44.1kHz, 48kHz)
e Bass Boost
e Soft Mute
e Digit al Volu me (+12dB ~ -115.0dB, 0.5dB Step, Mute)
e Digital ALC (Automatic L evel Control)
(+36dB ~ -54dB, 0.375dB Step, Mute)
e Stereo Separation Emphasis
e Stereo Line Output
- Perform ance: S/(N+D): 88 dB, S/N: 92dB
¢ Stereo Headphone-Amp
- S/(N+D): 70dB, S/N: 90dB
- Output Power: 62mW@16Q (HVDD=3.3V)
- Pop Noise Free at Pow er ON/OFF
¢ Analog Mixing: Mono Input
3. Power Management
4. Master Clock:
(1) PLL Mode
e Frequencies:
11.2896MHz, 12MHz, 12.288MHz, 13.5MHz, 24MHz, 27MHz (MCKI pin)
1fs (LRCK pin)
32fs or 64fs (BICK pin)
(2) External Clock Mod e
e Frequencies: 256fs, 512fs or 1024fs (MCKI pin)
5. Output Master Clo ck Frequencies: 32 fs/64fs/12 8fs /256fs
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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, 22.05kHz, 24kHz, 32kHz, 44.1kHz, 48kHz
e PLL Master Mod e:

8kHz, 11.025kHz, 12kHz, 16kHz, 22.05kHz, 24kHz, 32kHz, 44.1kHz, 48kHz
¢ EXT Slave Mode:

7.35kHz ~ 48kHz (256fs), 7.35kHz ~ 26kHz (512fs), 7.35kHz ~ 13kHz (1024fs)

7. uP I/F: 3-wire Serial, 1°C Bus (Ver 1.0, 400kHz High Speed Mode)
8. Master/Sla ve mode
9. Audio Interface Format: MSB First, 2's comple ment

e ADC : 16bit MSB just ified, 1°S

e DAC : 16bit MSB just ified, 16 bit LSB ju stified, 16- 24bit I°S
10. Ta=-40 ~85°C
11. Power Supply :

¢ AVDD, DVDD: 2.6 ~ 3.6V (typ. 3.3V)

¢ HVDD: 2.6 ~ 5.25V (typ. 3.3V/5.0V)
12. Package: 48pin LQFP
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B Ordering Gui de

AKA4B47VN —40~ +85°C 48pi LQFP (0.5nm pitch)
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| PIN/FUNCTION |
No. | Hn Name /0 Funcion
1 | ne ) No Qonnect _ o
No internd bonding. Ths pin shoul beleft floaing.
Common Voltage Output Pin, 0.45 xAVDD
2 | VCOM 0 Biasvoltage of ADCinputs and DAC oufputs.
3 [ AVSS - | Analog Ground i
4 | nC ) No Qonnect . o
No internd bonding. Ths pin shoul be left floaing.
5 [ AVDD - | Analog Power Supply Pin
6 | vcoc o OutputE’in for LoopFilter of PLL Circuit . . o .
This pin shouldbeconneted b AVSS with oneresisbr andcapaitor in seies.
7 | 12¢ | ConroleodeSdectPin_ _
“H”: 1“C Bus, “L": 3-wire Seial
8 | NC _ | NoConnect o
No internd bonding. Ths pin shout be left floaing.
9 | N | Powe-Down Mode Pn o .
“H” : Power-up, “L"”: Power-down, reetand initiali zes the cntrol register.
10 | NG ) No Qonnect . o
No internd bonding. Ths pin shoul be left floaing.
11 | ne ) No Qonnect . o
No internd bonding. Ths pin shoul beleft floaing.
12 | N _ | NoConnect o
No internd bonding. Ths pin shoul be left floaing.
13 | nC ~ | No _Oonnect _ o
No internd bonding. Ths pin shout be left floaing.
oSN [ | | Chip Sded Pin (12C pin =“L": 3-wireSaialMode)
CADO I Chip AddressD SéectPin (12C pin = “H”: I°C Bus Mode)
s |CaK || Contol DataClockPin (12Cpin =“L": 3-wire Srial Mode) |
SCL | Contol Data Clock Pin (I2Cpin =“H”: I°C Bus Modg
16 |1€OT0 | || .Contol Data InputPin (12C pin =*L": 3-wireSeialMode)
SDA I/0O | Contol Daa InputPin (12C pin =“H”: 1°C Bus Mode)
17 | SDTI I | Audio Seial Data InputPin
18 | SDTO O | Audio Seial Data Output Pin
19 | NC ) No Qonnect . o
No internd bonding. Ths pin shoul be left floaing.
20 | LRCK I/0O | Input/ Output ChannelClock Pin
21 | BICK I/0 [ Audio Seial Data Clock Pin
22 | bvDD - | Digital Power Supply Pin
23 | DVSS - Digital Ground Rn
2a | NC ) No Qonnect _ o
No internd bonding. Ths pin shoul be left floaing.
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No. | Hn Name /0 Funcion
25 | nC _ | NoConnect o
No internd bonding. Ths pin shoul beleft floaing.
26 | MCKI I External Maste Clock Input P
27 | MCKO O | Mastea Clock OutputPin
28 | N ) No _Oonnect _ o
No internd bonding. Ths pin shoul be left floaing.
29 | NC | No Qonnect _ o
No internd bonding. Ths pin shoul be left floaing.
TestRin 1
30 | TESTL " | This pin should be open.
TestRin 2
31| TEST2 " | This pin should be open.
32 | HVDD - | Headphone& Spegker Amp Power Suppy Pin
33 | HVSS - | Headphone& Spegker Amp Ground Pi
34 | HPR O | Rch Headphone-Anp Output Pin
35 | HPL O | Lch HeadphoneAmp Output Pin
Mute Time Constnt Contol Pin
36 | MUTET © Conneted b HVSS pin with a capaitor for mute time consant.
37 | ne ) No _Oonnect _ o
No internd bonding. Ths pin shoul be left floaing.
38 | NC | No _Oonnect _ o
No internd bonding. Ths pin shoutl beleft floaing.
39 | ROUT O | Rch SereoLine Output Fin
40 | LOUT O | Lch Sereo LineOutput Pin
41| Ne _ | NoConnect o
No internd bonding. Ths pin shout be left floaing.
42 | MIN I Mono Sgnallnput Ph
23 | NC ) No Qonnect . o
No internd bonding. Ths pin shoul be left floaing.
qa [RIN2 ] |__|.Rch Analog Input2 Pin (MDIF2 bit = 0™ Singleended Input)
IN2— I MicrophoneNegaitve Input2 Pin (MDIF2 bit = “1”: Full-differenial Input)
45 LNz ] || Lch Analog Input2 An (MDIF2 bit = “0”: Single-endednpuf =
IN2+ | MicrophonePositive Input2 Pin (MDIF2 bi = “1”: Full-differenia Input)
46 LINL ] | __|.Lch Analog Inputl An (MDIF1 bit = “0": Single-endednpu) |
IN1- I MicrophoneNegaitve Inputl Pin (MDIF1 bit = “1”: Full-differenial Input)
g7 |RINL ] |__|.RchAnalog Inputl P (MDIF1 bit = 0™ SingleendedInput)
IN1+ | MicrophonePositive Inputl Pin (MDIF1 bi = “1”: Ful-differenia Input)
48 | MPWR O | MIC Powe Suppy Pin

Note 1. All inputpinsexcept anabg inputpins (MIN, LIN1, RIN1, LIN2, RIN2) shoutl not be |& floaing.
Note 2. AVDD or AV SSvoltage should be inpub 12C pin.
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B Handlin g of Unused Pin

Theunused I/Qpins shoull beprocessed pproprately as béow.

Classifi@tion | Hn Name Sdting
MPWR, VCOC, HPR HPL,MUTET, ROUT, LOUT,

Anaog MIN, RIN2/IN2—, LIN2/IN2+, LIN1/IN1-, These pins shaod be qen.
RIN1/IN1+

Digita Mcko This pin should be open.
MCKI This pin should be connesd to DVSS

| ABS OLUTE MAXIMUM RATINGS |
(AV'SS DVSS HVSS=0V; Note 3)

Parameter Symbol min max Units
Power Suppies: | Analog AVDD -0.3 6.0 Y
Digital DVDD -0.3 6.0 Y
HeadphonéAmp HvVDD -0.3 6.0 \Y
|AVSS-DVSS| (Note 4) AGND1 - 0.3 \%
|AVSS—HVSS| (Note 4) AGND2 - 0.3 \'
Input Current Any Pin Except Supples IIN - +10 mA
Analog InputVoltage (Nok 5) VINA -0.3 AVDD+0.3 \%
Digital Input Voltage (Note 6) VIND -0.3 DVDD+0.3 \%
Ambient Tenperaure (poweed appied) Ta -40 85 °C
Storage Tenperdure Tstg —65 150 °C

Note 3. All voltages with respectto ground.
Note 4. AVSS DVSS andHV SSmust be conneed to the sane anabg groundplane
Note 5. 12C,RIN2/IN2—, LIN2/IN2+, LIN1/IN1-, RIN1/IN1+ pins
Note 6. PDN, CSN/CADO, CCLK/SCL, CDTI/SDA, SDTI, LRCK, BICK, MCKI pins
Pull-up resisbrsat SDA and SCL pinsshouldbe conneted to (DVDD+0.3)V or less votage.

WARNING: Opeation ator beyond tieselimits may resultin permanent danmegeto the device.
Normal opeation is notguaranteed d theseextremes.

| RECOMMENDED OPERATING CONDITIONS
(AVSS DVSS HVSS=0V; Note 3)

Par ameter Symbol min typ M ax Units
Power Supples | Analog AVDD 2.6 3.3 3.6 \%
(Note 7) | Digita DVDD 2.6 3.3 3.6 \Y
HP-Amp HVDD 2.6 3.3/5.0 5.25 \%
Differene@ AVDD-DVDD -0.3 0 +0.3 \%

Note 3. All voltages with respectto ground.

Note 7. The powewup sequece béween AVDD, DVDD and HvDD isnot aitical. When he powersupples ae patially
powered OF, the AK4647 nust beresd by bringing FDN pin “L” &fter these powersupplies arepowaed ON
again. When AVDD or HVDD is poweed OR-, thepowersupply currentof DVDD at power-down nodemay be
incressed. DVDD should not be powed OFF while AVDD or HVDD is powered ON.

* AKM assunes no responsibility fothe ugge beyondhe conditions in thiglatasheet.
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ANALOG CHARACTERISTICS

(Ta=25°C; AVDD, DVDD, HYDD=3.3V; AVSS=DVSS=HVSS=0V; fs=44.1kHz BICK=64fs;
Signal Frequency=1kHz; 16bt Data; Measurenent frequeng=20Hz~ 20kHz; unless oherwise spedied)

Par ameter | min | typ | max Units
MI1C Amplifier: LIN1, RIN1, LIN2, RIN2 pins; MDIF1 = MDIF2 bits = “0” (Single-endel inpus)
input — [MGAINL-Obits="00" T . a0 T 60 T s T k@
Resistance| MGAIN1-0 bits =“01”, “10”or “11” 20 30 40 kQ
MGAIN1-Obits="00" | - | O dB__
Gan  L[MGAINLObis=“or | - | s0 | - dB
MGAIN1-Obits="10" - +26 - dB
MGAIN1-0 bits="11" - w2 dB
MIC Amplifier: IN1+, IN1—, IN2+, IN2— pins; MDIF1 = MDIF2 bits = “1” (Rull-differential input)
Maximum Input Voltage (Nok 8)
MGAINL-Obits="01" | ol RN 0.228 | vep_
MGAIN1-0 bits="10" - - 0.114 Vpp
'MGAIN1-O bits=*11" [ - | - 0.057 | Vpp
MIC Power Supply: MPWR pin
Output Voltage (Nok 9) 2.22 2.47 2.72 vV
Load Resistance 0.5 - - kQ
Load Caactance - - 30 pF
ADC Analog Input Characteristics: LIN1I/RIN1/LIN2/RIN2 pins— ADC — IVOL, IVOL=0dB, ALC=OH
Resoluion - - 16 Bits
Note 11 0.168 0.198 0.228 \Y
InputVoltage (Note 10) e 168 | 1o8 | 226 | Vpp
(Note 10 71 83 - dBFS
S(N+D)  (-1dBFS) Note1p) | I gg [T T dBFS
D-Renge  (-60dBFS, A-weighted) Emgillzji ----------- L N— e R - B
. Note 1 76 86 - dB
SN (A-weighted) _%Nb_t_e_i_zj_g""""""- """"""""" o5 T R aB
Interchannélsolation Emgiig ——————————— 7 S 1%% ————————————— gg
InterchannéGain Mismetch Emgiig ----------------- 81 ----------------- 8 g ----------- gg

Note 8. The votage differene betwveen IN1/2+ and IN12- pins. AC couphg cgactor shoull beinsertal in saiesat
ead inputpin. Full-differenia mic inputis notavailable & MGAIN1-0 bits = “00”. Maximum input voltage of
IN1+, IN1-, IN2+ and IN2- pins i propotionalto AVDD voltage, respectively.
Vin = 0.069 xAVD D (max)@MGAIN1-0 bits="01", 0.035 xAVDD (max)@MGAIN1-0 bits = “10", 0.017x
AVDD (max)@MGAIN1-0 bts="11".
When thesignallarger tianabove valieisinputto IN1+, IN1-, IN2+ or IN2- pin, ADC does not opeta
normelly.
Note 9. Outputvoltageis propotionalto AVDD voltage.Vout = 0.75x AVDD (typ)
Note 10. Input valage is propoibna to AV DD voltage.Vin = 0.06 xXAVDD (typ) @MGAIN1-0 bits = “01” (+20dB),
Vin=0.6x 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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Par ameter | min | typ | max | Units
DAC Characteristics:
Resoluion | - | - | 16 | Bits
Stereo Line Output Characteristics: DAC — LOUT, ROUT pins,ALC=0OFF, IVOL=0dB, DVOL=0dB, LOVL bit =
“0”, R =10k
Output Voltage (Noe 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
Interchannélsolation 80 100 - dB
InterchannéGain Misnmetch - 0.1 0.5 dB
Load Resistance 10 - - kQ
Load Cgaciance - - 30 pF
Headphone-Amp Characteristics: DAC — HPLHPR pins, ALC=OFF, IVOL=0dB, DVOL=0dB
Note 15) 1.58 1.98 2.38 Vpp
Output Voltage (Noe 14 (Notel5) | 158 | 198 | 238 | Vpp
uput Voltage (Noe 14) (Note 16) 2.40 3.00 3.60 Vpp
_ (Note 15) | 60O | 70 | R dBFS
SAN+D)  (-3dBF9 (Note 16) - 80 - dBFS
e (Noe15) | 80 | e [ - ] dB__
SN (A-weighte) (Note 16) i 90 : dB
- (Note 15) | | 65 |5 | ] dB
Interchannélsolation (Note 16) : 80 - 4B
i i _(_NQ!Q_]_-{S_)____________' _________________ Q ::_L _________________ Q__8 ____________ dB
InterchannéGain Mismetch (Note 16) . 01 08 4B
i (Note15) | : 20 | SR RO, SR Q
Load Resistance (Nofe 16) 100 _ . o
| ClinFigure2 | - | SRS DU 30 _____|._PF___
Load Capactance C2in Figure 2 - - 300 pF

Note 13. Outputvoltageis propotionalto AVDD voltage.Vout = 0.6x AVDD (typ)@LOVL bit =“0".
Note 14. Outputvoltageis propotionalto AVDD voltage.
Vout = 0.6 x AVDD(typ)@HPGbit = “0", 091 xAVDD(typ)@HPGbit = “1".
Note 15. HPG bit= “0”, HYDD=3.3V, RL=2280Q.
Note 16. HPG bit= “1", HYDD=5V, RL=10Q.

HP-Amp

HPL/HPR pin

16Q

Figure 2. Hedphone-Anp outputcircuit
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Parameter | min typ | max | Units
Mono Input: MIN pin (Externd Input Resistance=20kQ)
Maximum Input Voltage (Noe 17 | - 1.98 | - | Vpp
Gain Note 18(Note 18)
MIN = LOUT/ROUT LOVL bit =“0" -4.5 0 +4.5 dB
LOVL bit="1" | - | +2 - dB
MIN > HPLHPR HPGbt="0" | 245 | =20 | 155 | dB
HPG bt = “1" - -16.4 - dB
Power Supplies:
Power Up (PDN pin =“H")
All Circuit Power-up:
AVDD+DVDD (Note 19) - 15 23 mA
HVDD: HP-Amp Normal Operdion i 5 8 mA
No Cutput (Note 20)
Power Down (PDNpin =“L") (Note 21)
| AVDD+DVDD+HVDD | - 10 | 100 | LA

Note 17. Maximum voltageisin proporton o both AVDD and eternd inputresistane (Rin). Vin=0.6 xAVDD x Rin

/ 20kQ (typ).
Note 18. Thegan isin inverseproporton to exérnal

input resisance

Note 19.PLL Master Mode MCKI=12283MHz) and AMADL = PMADR = PMDAC = PMLO = PMHPL = PMHPR =
PMSPK = PMVCM = PMPLL = MCKO = PMBP = PMVP = M/Shits = “1". MPWR pin outputs OmA.

AVDD=11mA(typ), DVDD=4mA(typ).

EXT Slave Mode (PMPLL = M/S = MCKO bits = “0”): AVDD=10mA(typ), DVDD=3mA(typ).
Note 20. PMADL = PMADR = PMDAC = PMLO = PMHPL = PMHPR= PMVCM = PMPLL = PMBP bits = *1” and

PMSPK hit = “0”".
Note 21. All digital inputpinsare fixed to DVDD or
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FILTER CHARACTERISTICS

(Te=25°C; AVDD, DVDD=2.6~ 3.6V; HVDD=2.6 ~ 5.25V;fs=44.1kHz DEM=0OFF; FIL1=FIL3=EQ=0H)

Par ameter Symbol mn | typ |  max | Units

ADC Digital Filter (Decimation L PF):

Passbad (Note22) +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

Passbad Rpple PR - - +0.1 dB

Stopband Atenuaton SA 73 - - dB

Group Dedy (Note 23) GD - 19 - 1/fs

Group Dedy Distortion AGD - 0 - us

ADC Digital Filter (HPF): (Note 24)

Frequeny Response (Nat 22) | -3.0dB FR - 0.9 - Hz
—-0.5dB - 2.7 - Hz
—-0.1dB - 6.0 - Hz

DAC Digital Filter (LPF):

Passbad (Note22) +0.1dB PB 0 - 19.6 kHz
—-0.7dB - 20.0 - kHz
—6.0dB - 22.(b - kHz

Stopband SB 25.2 - - kHz

Passbad Rpple PR - - +0.01 dB

Stopband Atenuaton SA 59 - - dB

Group Dedy (Note 23) GD - 22 - 1/fs

DAC Digital Filter (L PF) + SCF:

Frequeng Response ~ 20.0kHz FR - | +1.0 | - | dB

DAC Digital Filter (HPF): (Note 24)

Frequeny Response (Nat 22) | -3.0dB FR - 0.9 - Hz
-0.5dB - 2.7 - Hz
—0.1dB - 6.0 - Hz

BOOST Filter: (Note 25)

Frequeng Response | 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 22. The pasbad and sbpband frequacies sale with fs (system sampling rae).

For exanple, ADCis PB=0.454fs (@-1.0dB). Eachresponse refers to thaf 1kHz.

Note 23. The elculated dday time causedby digitd filtering. Thstimeis fromtheinputof andog signalto seting of the
16-bitdaia of boh channes from the input registe to the output register of he ADC. Thistime includes the
groupdelay of theHPF. For theDAC, this time is fromsetting the 16-bt dat of both channle fromthe input
regista to the output of andog signd. Group déay of DAC partis 22fs(typ) at PMADL=PMADR bits=“0".

Note 24. When PNMADL bit = “1” or PMADR bit =“1", the HPFof ADC is enabled but he HPFof DAC is disabkd.
WhenPMADL=PMADR bits = “0", PMDAC hit =“1", the HPF of DAC is enabéd butthe HPF of ADC is

disabkd.

Note 25.These frequeng responses stawith fs. If ahigh-level and bw frequeng signalis input, theanabg ouput dips

to the full-saale.
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DC CHARACTERISTICS

(Te=25°C; AVDD, DVDD=2.6~ 3.6V; HYDD=2.6~ 5.25V)

Par ameter Symbol min typ Max Units
High-Leve Input Voltage VIH 70%DVDD - - Y
Low-Level InputVoltage VIL - - 30%DVDD \%
High-Leve Oufput Voltage (lout=—20QuA) | VOH DvDD-0.2 - - \Y
Low-Level Output Voltage
(ExceptSDA pin: lout=200uA) | VOL - - 0.2 \Y
(SDA pin: lout=3mA) | VOL - - 0.4 V
Input LeakageCurrent lin - - +10 LA
| SWITCHING CHARACTERISTICS |
(Ta=25°C; AVDD, DVDD=2.6~ 3.6V; HYDD=2.6~ 5.25V; C, =20pF unless oherwise spedied)
Par ameter | 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
Exocept 256fsat f's=32kHz, 29.4kHz dMCK 40 50 60 %
256fsat fs=32kHz 29.4kHz dMCK - 33 - %
LRCK Output Timing
Frequency fs 7.35 - 48 kHz
Duty Cycle Duty - 50 - %
BICK Output Timing
Period 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 Qutput Timing
Frequeacy fMCK 0.2352 - 12.288 MHz
Duty Cycle
Except 256fsat fs=32kHz, 29.4kHz dMCK 40 50 60 %
256fsat fs=32kHz 29.4kHz dMCK - 33 - %
LRCK Input Timing
Frequency fs 7.35 - 48 kHz
Duty Duty 45 - 55 %
BICK Input Timing
Period tBCK 1/(64fs) - 1/(32fs) ns
Pulse Width Low tBCKL | 0.4x tBCK - - ns
Pulse Width High tBCKH 0.4 x tBCK - - ns
MS0566-E-00 2006/11
-11-
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Par ameter | Symbol | min | typ | max | Units
PLL Slave Mode (PLL Reference Clock = LRCK pin)
LRCK Input Timing
Frequency fs 7.35 - 48 kHz
Duty Duty 45 - 55 %
BICK Input Timing
Period 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
Duty Duty 45 - 55 %
BICK Input Timing
Period PLL3-0 bits=“0010" tBCK - 1/(32fs) - ns
PLL3-0 bits="0011" tBCK - 1/(64fs) - ns
Pulse Width Low tBCKL | 0.4x tBCK - - ns
Pulse Width High tBCKH [ 0.4x tBCK - - ns
External Slave Mode
MCKI Input Timing
Frequawcy | 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
Frequeancy | 256fs fs 7.35 - 48 kHz
512fs fs 7.35 - 26 kHz
1024fs fs 7.35 - 13 kHz
Duty Duty 45 - 55 %
BICK Input Timing
Period tBCK 3125 - - ns
Pulse Width Low tBCKL 130 - - ns
Pulse Width High tBCKH 130 - - ns
Audio Interface Timing
Master Mode
BICK “J” to LRCK Edge (Note 26) tMBLR -40 - 40 ns
LRCK Edgeto SDTO (MSB tLRD -70 - 70 ns
(Except 1°S mode)
BICK “J” to SDTO tBSD -70 - 70 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Setup Time tSDS 50 - - ns
Slave Mode
LRCK Edgeto BICK “T” (Note 26) tLRB 50 - - ns
BICK “1” to LRCK Edge (Note 26) tBLR 50 - - ns
LRCK Edgeto SDTO (MSB tLRD - - 80 ns
(Except 1S mode)
BICK “{” to SDTO tBSD - - 80 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Seup Time tSDS 50 - - ns

Note 26. BICKK rising edge rast not occuratthesane time asLRCK edge.

MS0566-E-00 2006/11
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Parameter Symbol min typ max Units

Control Interface Timing (3-wire Serial mode)
CCLK Period 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 tCSW 150 - - ns
CSN “J”to CCLK “ 1~ tCSS 50 - - ns
CCLK “T"to CS\N “1” tCSH 50 ' - ns

Control Interface Timing (1°C Bus mode):
SCL Clock Fequency fSCL - - 400 kHz
Bus Fee Time Between Tansmissions tBUF 1.3 - - us
Start Condtion Hold Time (prior to first clock pulsg tHD:STA 0.6 - - us
ClockLow Time tLOW 13 - - ps
ClockHighTime tHIGH 0.6 - - us
Sdup Time for Repeded Start Condition tSU:STA 0.6 - - us
SDA Hold Time from SCL Fdling (Note 28) tHD:DAT 0 - - us
SDA Seup Time from SCL Rising tSU:DAT 0.1 - - us
Rise Tine of Both SDA andSCL Lines tR - - 0.3 us
Fdl Time of Both SDA and SCL Lines tF - - 0.3 us
Setup Time for Sbp Condiion tSU:STO 0.6 - - us
Cagpactive Load onBus Cb - - 400 pF
Pulse Width of Spike Noise Suppressé by InputFilter tSP 0 - 50 ns

Power-down & Reset Timing
PDN Pulse Width (Note 29) tPD 150 - - ns
PMADL or PMADR “71” to SDTOvalid (Note 30) tPDV - 1059 - 1ffs

Note 27. .I°C is a ragisteredtrademark of Phiips Sericonducors.

Note 28. Daa must be held long enougtio bridgethe 300ns+ianstion time of SCL.

Note 29. The AK4647 ca beresetby the PDN pin="“L".

Note 30. This is theourt of LRCK “*1” from the PMADL or PMADR bit =“1".

MS0566-E-00 2006/11
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B Timing Diagram

1fCLK

P 1/fs o
LRCK 50%DVDD
tLRCKH tLRCKL
< P Duty = tLRCKH x fs x 100
tLRCKL x fs x 100
1/fMCK
Yo @ 50%DVDD
dMCK = tMCKL x fMCK x 100
Figure 3. Cbck Timing (PLL Maste mode)
LRCIK =777 oo oo 50%DVDD

50%DVDD

50%DVDD

tSDS tSDH

Figure4. Audio Inteface Timing (PLL Master mode

MS0566-E-00 2006/11
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1/fCLK

« LRCKH tLRCKL Duty = tLRCKH x fs x 100
=tLRCKL x fs x 100

4
Y
4

50%DVDD

dMCK = tMCKL x fMCK x 100

Figure5. Clock Timing (PLL Slavemode;PLL ReferenceClock = MCKI pin)

1/CLK

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

4
A
4

Figure 6. Cbck Timing (EXT Slave node)
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LRCK

50%DVDD

Figure7. Audio Interface Timing (PLLEXT Slavemode)

CSN

tCCKL  tCCKH

CCLK

CDTI

Figure 8. WRITE Conmmand Input Timing

—————————————————————————————————————————————————————————————————————————————————————————————————————————— VIH
CDTI D2 D1 DO
—————————————————————————————————————————————————————————————————————————————————————————————————————————— VIL

Figure9. WRITE Data Input Timing
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> T e
tHD:DAT tSU:DAT  tSU:STA |

Figure 10. C Bus Made

PMADL bit
or
PMADR bit
P tPDV
SDTO -mmrrmrrrmmmm B 50%DVDD
Timing
Figure 11. Bwer Down& ResetTiming 1
PDN
Figure 12. Bwer Down& ResetTiming 2
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OPERATION OVERVIEW

W System Clock

Thereare the following four cbck nodes tomterface wih external devices (see Tal# 1and Table 2).

Mode PMPLL bit M/S bit PLL3-0 bits Figure
PLL Master Mode 1 1 SeeTable4 Figure 13
PLL Slave Mode 1 .
(PLL Reference Clock:MCKI pin) L 0 SeeTable 4 Figurel4
PLL Slave Mode 2 .
(PLL ReferenceClock: LRCK or BICK pin) 1 0 SeeTable 4 Figure15
EXT SlaveMode 0 0 X Figure 17
Don't Care (Noke 31) 0 1 X -
Note 31. If this modeis sekeckd, theinvalid clocksareoutput from MCKO pin when MCKO bit is“1”.
Table 1. Gock Mode Setting (x: Don't care)
Mode MCKO bit | MCKO pin | MCKI pin BICK pin LRCK pin
0 “L” Output
PLL Master Mode 1 Sdected by sffgf%dbbﬁls (Sekded by CZT]%U t
PSL-0 bits BCKO bit)
0 “L” Input
PLL SlaveMode Sdected by Input
. ; Sdected by A (Sekdet by
(PLL Reference Clock:MCKI pin) 1 PS1-0 bis PLL3-0 bits BCKO bit) (2fs)
Input
PLL SlaveMode Input
) . 0 “L” GND (Sekaed by
(PLL ReferenceClock: LRCK or BICK pin) BCKO bit) (1fs)
. Sdected by Input Input
EXT SlaveMode 0 L F3-0 bis (= 32fs) (1fs)

Table 2. Clock pinsstate in Clock Mode

B Master M ode/Slave Mode

The M/Sbit sekcts ether mester or savemode M/S bt =“1" sekcs master nodeand“0” sdects slave mode.When the
AK4647ispowa-downmode(PDN pin =“L") and exisresd stae, the AK4647 is slavemode. After exiting rese state,

the AK4647goes ¢ maste modeby changing M/S bit= “1".

When the AK4647 is usedby master mode LRCK and BICK pins are dloating stte untl M/S bit becmes “1”. LRCK
andBICK pins of he AK4647 shoull be puled-downor puled-upby theresisor (aboutl00kY) externally to avoid the

floaing sate.
M/S bit Mode
0 YJave Mode
1 Master Mode
Table 3. Stect Master/Salve Mode
MS0566-E-00
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WhenPMPLL bit is “1”, afully integrated analog phaselocked loop (PLL) generates a cbck that is seleded by the
PLL3-0 and IS3-0 bis. The L lock imeisshown h Table 4, whenever theAK4647 is suppled to a sable clocksafter
PLL ispowered-up (MPLL bit =“0" — “1") or sanpling frequeny changes.

1) Seting of PLL Mode

PLL Rand Cof
oo | PLL3 | PLL2 | PLLL [ PLLO |  Referenee Input VCOC pin PLTLin';ZCk
bit bit bit bit Clock Input Frequeicy R[Q] | CIF] (max)
Pin
0 0 0 0 0 LRCK pin 1fs 6.8k | 220n 160ns Defaut
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 11.2896Mz 10k | 4.7n 40ms
5 0 1 0 1 MCKI pin 12.288MHz 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
12 1 1 0 0 MCKI pin 13.5MHz 10k 10n 40ms
13 1 1 0 1 MCKI pin 27MHz 10k 10n 40ms
Others Others N/A

Table 4. Setting of PLL Mode (*fs: Sampling Fregquency)

2) Sadting of sanpling frequency in PLL Mode
When PLL referene dock inputis MCKI pin, the sanpling frequecy is sdectedby FS3-0 bitsas déned n Table 5.

Mode

FS3 bit

FS2 bit

FSL bit

FSO bit

Sampling Frequency

8kHz

Default

12kHz

16kHz

24kHz

7.35kHz

11.025kHz

14.7kHz

22.05kHz

BlN|o|u|s|jw|v|-|o

32kHz

11

48kHz

14

29.4kHz

15

PPk IPO|O|lO|O|O|0O|O|O

P[P |IO|IO(R|R|F|F|O|lO|O|O

Ll Ll Ll Ll [ (el el N Dl (o) (o]

=l =N =1 = =1 =)

44.1kHz

Othe's

Oters

N/A

Table 5. Stting of Sanpling Frequeng a PMPLL bit =“1" (ReerenceClock = MCKI pin)

When PLL referene dock inputis LRCK or BICK pin the sampling frequecy is sdectedby FS3 and FS1-0 bis. (See
Table 6).FS2 bit is “don’t car e”.

Default

Mode FS3 bit F2 bit FS1 bit | FSO bit | Sanpling Frequeng Range

0 0 Don'tcare 0 0 7.35kHz< fs < 8kHz

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 Qheas N/A

Table 6. S&ting of Sampling FrequencyatPMPLL bit = “1” (Referene Clock = LRCK or BICK pin)

MS0566-E-00
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B PLL Unlock State

1) PLL Maste Mode(PMPLL bit = “1”, M/S bit = “1")

In thismode,LRCK and BICKpins goto “L” and irregular frequency dock is oufput from MCKO pins at MCKO bit is
“1" before the PLL goes tolock stateafter PMPLL bit = “0” - “1”. If M CKO bit is“0”, M CKO pin goesto “L” (see
Table 7).

After the PLL islocked, afirstperiod of LRCK andBICK may beinvalid clock, butthese clocks reurn o normel stae
after apeiod of 1fs.

When sanpling frequencyis changed, BICK and LR® pins d notoutput irregular frequeancy clocksbutgo o “L” by
seting PMPLL bit to “0”.

MCKO pin . .
PLL State MCKO bii = 0" MCKO bi =T BICK pin LRCK pin
After tha PMPLL bit “0” - “1” “L" Oufput Invalid “L" Oufput “L" Oufput
PLL Unlock (exceptabove cage “L” Output Invalid Invalid Invalid
PLL Lock “L” Output SeeTable 9 See Table 10 1fs Output

Table 7. Aok Opeationat PLL Master Mode (PMPLL bit = “1", M/S bt = “1")
2) PLL SlaveMode(PMPLL bit =“1", M/S bit = “0")

In thismode aninvalid clock is outpufrom MCKO pin beforethe PLL goego lock state afer PMPLL bit =“0" > “1”.
After that, the clock séectedby Table 9is outputfrom MCKO pin when PLL islocked. ADC andDAC oufputinvalid
daawhenthe PLL isunlodked. FODAC, the ouput signalshould bemuted by writing“0” to DACL, DACH and DACS
bits.

MCKO pin
PLL See MCKO hbit = “0” | MCKO bit = “1”
After tha PMPLL bit “0” > “1” “L” Output Invalid
PLL Unlock “L” Output Invalid
PLL Lock “L” Output Output

Table 8. Clock Operaion at PLL SlaveMode (PMPLL bit =“0”, M/S bit =“0")

MS0566-E-00 2006/11
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B PLL Master Mode (PMPLL bit =“1 ", M/S bit="1")

[AK4647]

When anexternal clock (11.2896MHz, 12MHz, 12.288MH, 13.5MHz, 24MHz or 27VHz) is inputto MCKI pin, the
MCKO, BICK and LRCK clocks aregeneragd by aninternal PLL circuit. The MCKO outputfrequency is sdected by
PSL-0 bits (see Tak# 9) andhe ouput is enabdd by MCKO bit. The BICK outputfrequencyis seécied anong32fs or
64fs,by BCKO bit (see Table 10).

MS0566-E-00

AK4647

11.2896MHz, 12MHz, 12.288MHz

13.5MHz, 24MHz, 27MHz

DSP or pP
MCKI
MCKO
BICK
LRCK
SDTO
SDTI
Figure 13. PLL Mate Mode
Mode PSL bit P bit MCKO pin
0 0 0 256fs Default
1 0 1 128fs
2 1 0 64fs
3 1 1 32fs
Table 9. MCKO Output Frequency (PLL Mode, MCKO hit =“1")

Defaut

BCKO bit BICK Output
Frequeng
0 32fs
1 64fs

Table 10.BICK Output Frequancy a Master Mode
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B PLL Slave Mode (PMPLL bit="1", M/Sbit="0")

A reference cbck of PLL is skecied anongthe inputclocksto MCKI, BICK or LRCK pin. Therequred clock o the
AK4647 is generad by an nternal PLL circuit. Inputfrequeng is sekctedby PLL3-0 bits (seeTable 4).

a) PLL reference clock: M CKI pin

BICK andLRCK inputs shoull besynchronized with MCKO output The phasebetwveen MCKO and LRCK dose not
matter. MCKO pin outpus the frequency sdected byPSL-0 bis (se€Table 9) and theoutput is endled by MCKO bit.
Sanpling frequecy can besdected by FS3-0 bits (seeTable 5).

11.2896MHz, 12MHz, 12.288MHz
13.5MHz, 24MHz, 27MHz,

AK4647
DSP or pP

MCKI

MCKO

BICK

LRCK

SDTO

SDTI SDTO

Figurel4. R.L Slave Mode 1 (PLL Reference Clock: LRCK or BICK pin)

MS0566-E-00 2006/11
-22.-

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159598/ak4647vq.html

ASAHI KASEI [AK4647]

b) PLL reference cloc k: BICK or LRCK pin

Sampling frequacy correspondgo 7.35kHzto 48kHzby changng FS3-0 bits (see Table 6).

AK4647

MCKO DSP or uP

MCKI

BICK

LRCK

SDTO

SDTI

Figure15.PLL Slave Mode?2 (PLL ReferenceClock: BICK pin)

AK4647

MCKO DSP or uP

MCKI

BICK

LRCK

SDTO

SDTI

Figure 16. PLL SiveMode 2(PLL Reference CGock: LRCK pin)

The exérnal clocks (MCKI, BICK and LRXK) should alvays be presenwhenerer the ADC orDAC is in operabn
(PMADL bit =“1", PMADR bit =“1" or PMDAC bit =“1"). If theseclocksarenot provided, the AK4647 may draw
exaess currentind t is notpossble o operaé propely beause ulli zes dynaric refreshel logicinternaly. If the external
clocks ae notpreseat, the ADC and DAC shoul bein the power-down node (PMADL=PMADR=PMDAC bits="“0").

MS0566-E-00 2006/11
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B EXT Slave Mode (PMPLL bit="0", M/S bit ="0")

When PMPLL bitis“0”, the AK4647 beomes EXT node.Maste clockis inputfrom MCKI pin, the internal PLL circuit
isnotoperded. Thismode 5 compatible with I/F of the normal audio CODEC. Theclocks reuired b opeaate are MCKI
(256fs,512fs or 102fs), LRCK (fs) and BICK &32fs). The maste clock (MCKI) shoul besynchranized with LRCK.
The phase beteen theseclocks doesiot matter. Theinputfrequencyof MCKI is sdectedby FS1-0 bits (seeTabke 11).

Mode | Fss-2bis | Fsibit | Fobi | MCKIInput | Sampling Frequeng
Frequeng Range
0 Don't care 0 0 256fs 7.3%Hz ~ 48kHz Default
1 Don't care 0 1 1024fs 7.3%Hz ~ 13kHz
2 Don't care 1 0 256fs 7.3%Hz ~ 48kHz
3 Don't care 1 1 512fs 7.3%Hz ~ 26kHz
Othes Othes N/A N/A

Table 11. MXKI Frequeng at EXT Slave Mode (PMPLL bit =“0", M/S bit = “0")

The SN of the DAC at low sanpling frequendes is worsethanat high sanpling frequenies dueto out-of-band nase.
Theout-of-band nose @n beimprovedby using higher frequeng of the mester clock. The SN of the DAC output
throughLOUT/ROUT pins afs=8kHzis shown in Také 12.

SN
MCKI | ts=gkHz, 20kHZ PF+ A-weighted)
2567 8348
512fs 93dB
10245 93dB

Table 12. Rdationshp betveen MCKI and SN of LOUT/ROUT pins

The exérnal clocks (MCKI, BICK and LR) should alvays be presenwheneer theADC orDAC is in operabn
(PMADL bit =“1", PMADR bit =“1" or PMDAC bit =“1"). If theseclocksarenot provided, the AK4647 may draw
exaess currentind t is notpossble o operaé propely beause ulli zes dynaric refreshel logic internaly. If the external
clocks ae notpreseat, the ADC and DAC shoul bein the power-down node (PMADL=PMADR=PMDAC bits="“0").

AK4647

MCKO DSP or uP
MCKI | |mcLk

BICK BCLK

LRCK LRCK

SDTO SDTI

SDTI SDTO

Figure 17. EXTSlave Mode
MS0566-E-00 2006/11
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W System Reset

Upon powe-up, he AK4647 shoulde reseby bringingthe PDN pin=“L". This ensurs thd all internd registersreset
to their initial values

The ADC engrs an nitiali zaion cycle thatstartswhen he PMADL or PMADR bit ischangel from“0” to“1” atPMDAC
bits is “0”. Theinitiali zation cycle imeis 1059/fs=24mm@fs=44.1kHz. Duringheinitializaion cycle, he ADC digital
dat outputs of both channe$ are forced b a 25 conpliment, “0”. The ADC outputreflects the anabg inputsignal after
the initialization cycle is complete When PMDAC hit is “1”, the ADC doesnat reguire an initiali zation cycle.

The DAC erters aninitialization cyde that starts whenthe PMDAC hit is changed from “0” to “1” at PMADL and
PMADR bitsare “0”. Theinitiaization cycle imeis 1059/fs=24rm@fs=44.1kHzDuring the initialization cycle, the
DAC inputdigital data of boh channks are internally forced to a2's @mpliment, “0”. The DAC ouputreflectsthedigital
input data aftethe intialization cycle is corplete. WhenPMADC or PMADRDbit is “1”, the DAC doesnot requirean
initialization cycle.

B Audio Interface Format

Three types of déaformats ae avaiable and aresekded by seting the DIF1-0 bis (s&Table 13).In all modesthe seral
datis MSB first, 2's conplement format Audio interface formats car beused in both st andslavemodes. LRCK
and BICK areoutputfrom the AK4647in master mode but nust beinputto the AK4647 in slae node. TheSDTO is
clocked outonthefallingedge(“\”) of BICK and the SDTI is latched onthe rising edgg“1").

Mode| DIF1bt | DIFObit | SDTO (ADC) SDTI (DAC) | BICK | Figure
0 0 0 N/A N/A N/A -
1 0 1 MSB justified L SB justified > 32fs | Figure 18
2 1 0 MSB justified MSB jusified > 32fs | Figure 19| Default
3 1 1 I°S conpatible | 1S canpatible | > 32fs | Figure 20

Table 13. Audo Interface Fornat

If 16-bit datithat ADC outputsis convertel to 8-bit dat by removing LB 8-bit, “—1" a 16bitdaais converedto “-1”
at 8-bit dab. And when theDAC playbacks ths 8-bit daa, “—1" at 8-bit daa will beconveted b “-256" at 16-bit dag
and hisis alargeoffset This offsetcan be renoved by adding theoffset of “128” to 16-bitdat beforeconveting to 8-bit

dat
LRCK i | |
0123 9101112131415 0 1 2 3 9101112131415 0 1
BICK(32fs)
SDTO(0) I15|14|13| |7|6|5|4|3|2|1|0I15|14|13| |7|6|5|4|3|2|1|0I15|
SDTI(i) i15|14|13| |7|6|5|4|3|2|1|0i15|14|13| |7|6|5|4|3|2|1|0i15|
0123 15 16 17 18 310123 15 16 17 18 310 1
BICK(64fs)
SDTO(0) 1s[14f13] © [1]o] 15[14l13] | [1]o0] 15
SDTI(i) Don't Care  |15[14] [1]o0 Dontcare  [1s[14] | |1]0
115:MSB, 0:LSB ; ;
i‘ Lch Data ’E‘ Rch Data >§
Figure18. Model Timing
MS0566-E-00 2006/11
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LRCK ] | |
0123 9101112131415 06 1 2 3 9101112131415 0 1
BICK(32fs)
SDTO(0) I15|14|13| |7|6|5|4|3|2|1|0I15|14|l3| |7|6|5|4|3|2|1|0I15|
SDTI() 15/14[13| |7]6]5]4|3|2]1]0]15[14]13] |7]6]5]4]3]2]|1]0]1s]
0123 1516 17 18 31012 3 1516 17 18 310 1
BICK(64fs)
SDTO(0) 115|14|13| [1]o] 151413 | [1]o0] |1_5|_
SDTI() 15|14|13| |1 | 0| Don't Care 15|14|13| |1 | 0| Don't Care 15|
ilS:MSB, 0:LSB : :
E‘ Lch Data h‘ Rch Data >E
Figure19. Mode2 Timing
LRCK | | L
0123 9 1011121314150 1 2 3 9101112131415 0 1
BICK(32fs)

SDTO(0) _[0]15]14

Ta[7[6]5]4[3]2]1] 0|15
|

|8]7[e]s]4]a]2[2]o]
1

|0 i15|14|

[s[7[s[s]4]3]2[1]o0]m5[u]

[8]7]6]s]4]3]2[t]o]

SDTI(i)
0123 15 16 17 18 3101 2 3 1516 17 18 310 1
BICK(64fs)
SDTO(0) EER B8N sl14] [li[2]1]o] i
SDTI() 15)14] |2|1|0o] Dontcare [15)14] |2[1]0o] Dontcare
115:MSB, 0:LSB i i
E‘ Lch Data >E< Rch Data >E
Figure20. Mode3 Timing
B Mono/Stereo Mode
PMADL andPMADR bits setmonoktaeo ADC opeation.
PMADL bit PMADR bit ADC Lch daa ADC Rch daa
0 0 All“0” All “0” Default
0 1 Rch InputSignal Rch Input Signal
1 0 Lch InputSignd Lch InputSignd
1 1 Lch InputSignd Rch InputSignal
Table 14. Mono/Sereo ADC operation
MS0566-E-00 2006/11
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W Digit al High Pass Filt er

The ADC has a djital high pass fter for DC offset carcdlation. The cubff frequency of the HPF is 0.9Hz
(@fs=44.1kHz) and sckes wih sanpling rée (fs). When PMADL bit = “1” or PMADR bit =“1", theHPFof ADC is
enaled butthe HAF of DAC is disabled. When PM\DL=PMADR bits = “0”, PMDAC bit = “1”, the HFF of DAC is
enadled butthe HAF of ADC is dis#led.

B MIC/LINE Input Select or

The AK4647 hasriput sdecor. When MDIF1 and MDIF2 bits ae “0”, INL and INR bits sdect LIN1/LIN2 and
RIN1/RIN2, respedtely. When MDIF1 and MDIF2 bitsare“1”, LIN1, RIN1, LIN2 and RIN2 pinsbecome IN1—, IN1+,
IN2+ and IN2- pins respectively. In this case, fultdifferential inputis avalable (Figure 22). When fullifferental input
is usedthe sgnd shodd not be inputo thepinsmarked by “X” in.

MDIF1 bit MDIF2 bit INL bit INR bit Lch Rch
0 0 0 0 LIN1 RIN1 Defaul
0 0 0 1 LIN1 RIN2
0 0 1 0 LIN2 RIN1
0 0 0 1 LIN2 RIN2
0 1 0 0 LIN1 IN2+/—
1 0 0 1 IN1+/~ RIN2
1 1 0 0 IN1+/~ IN2+/—
Others N/A N/A

Table 15.MIC/Line In P& Sdect

Register Pin
. | uNT T RINT | LIN2 | RIN2
MDIFLDI | MDIF2D ) g | Nt | N2+ | IN2-
0 0 O @) o @)
0 1 0] X @) O]
1 0 O 0] X 0o
1 1 O ©) ©] ©)

Table 16. Handling of MIC/Line InputPins (-“: N/A; “X” : Signd shoud not be inpu)

MS0566-E-00 2006/11
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AK 4647
INL bit
LINY/INL- pin - O
—o0
ADC Lch
RIN1/INL+ pin () S o)
MDIF1 bit
INR bit
; N
RIN2/IN2- pin 0
ADC Rch
LIN2/IN2+ pin ® 0
MDIF2 bit

Figure 21. Mé/Line InputSeledor

AK 4647
MPWR pin i

| INL- pin,\ MIC-Amp Qv D70 b
- in

== 1k

Figure22. G@nnecion Exanple for Full-differenia Mic Input (MDIF1/2 bits=“1")

<Input Selector Settin g Example>

In casethat IN1+/~ pins areusal as full-differenia mic inputand LIN2/RIN2 pinsare usd asstaeolineinput, t is
reconmendel thatthe following Wwo modesaresetby register seting according o ead case.

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 17. MIC/Line In Pah SelectExanple
MS0566-E-00
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B MIC Gain Amplifier

The AK4647 hasa gan anplifier for microphoneinput The gén of MIC-Amp is sekcted bythe MGAIN1-0 bis (see
Table 18). Theypicd inputimpedance s 60kQ(typ) @ MGAIN1-0 bits = “00” or 30k (typ) @ MGAIN1-0 bits = “01”,

“10” or“11".
MGAIN1 bit | MGAINO bit InputGan
0 0 0dB
0 1 +20dB Default
1 0 +26dB
1 1 +32dB
Table 18.Mic Input Gain
® MIC Power

When PMMP bit = “1”, the MPWR pin sipplies powe for themicrophone. This ot voltageis typicdly 0.75 x A/DD
and he load resstance s minimum 0.5k). In caseof using Wwo ses of siereo mic, the load resistance is minimum 2kQ for
each danné. No cgpactor must notbeconneteddirecly to MPWR pin (seeFigure23).

PMMP hit MPWR pin
0 Hi-Z Default
1 Ouput
Table 19. MIC Power
MIC Power
| -
‘ L
L
C
L
| .—O Microphone
RIN2 pin
Figure 23. MC Blodk Circuit
MS0566-E-00 2006/11
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W Digit al EQ/HPF/LPF

The AK4647performs wind-noisereducion filter, stereo sepaaton emphasis, gain conpensaion and ALC (Aubmatic
Levd Control) by digital domain for A/D converte data (Figure 24). FIL1, FIL3and EQ hbocks arelIR filters of1%
ordea. Thefilter coefficient of FIL3, EQ and L1 blocks @n besd to anyvalue. Refer to the section of “A LC opeation”
aboutALC.

When only DAC is powered-up, djital EQHPFLPF circuit operags atplayback path. Whenonly ADC is powered-up
or boh ADC and DACare poweed-up, dgital EQHPFLPF circuit opeaates atrecording pah. Evenif the pah is
switched fromrecording o playbad, theregiste sdting of filter codfi cient atrecrding remains. Therefore, FIL3,EQ,
FIL1 and GN1-0bits should be g¢o “0” if digital EQHPFLPF is notused for phybadk pah.

PMADL bit, PMADR bit | PMDAC bit | LOOP bit Status Digital EQHPHLPF
“00" 0 X Power-down Powe-down Default
1 X Playbadk Playbackpah
0 X Recording Rearding path
“01”, “10” or“11” 1 0 Rewrding & Paybadk Rewrding pah
1 Recording Monitor Playback Re®rding path

Note 32. Stereo separabn enphass circuit is effedive only atstereo operton.
Table 20. Dgital EQHPHLPF Cirtcuit Setting (x: Don’t care)

FIL3 coefficient alsosds theattenudion ofthe steeo sepaaton enphass.
The conbination of GN1-0 bit (Table 21) and EQ coéfi cientsd the conpensaton gan.

FIL1 and AL3 blocksbecone HPFwhen FLAS andF3ASbits are “0” andbecone LPF when FLAS andF3AS bits are
“1”, respetively.

When EQandFIL1 bits ae“0”, EQ and FL1 blocks beome “through”(0dB). When HFL3 bit is “0", FIL3 block be&come
“MUTE". When eahfil ter codfi cient is changed, ezhfilter shoutl be setto “through”(“M UTE” in caseof FIL3).

Wind-noise reduction Stereo separation emphasis Gain compensation
- s s s s s s s T T 1
! 1
— FIL1 FIL3 : EQ t— Gain (- ALC {—»
eyt ;
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 24. Dgital EQHPHLPF

GN1 GNO Gin
0 0 0dB Default
0 1 +12dB
1 X +24dB

Table 21. Gan sekd of gain block (x: Don’t care)

MS0566-E-00 2006/11
-30-

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159598/ak4647vq.html

ASAHI KASEI

[AK4647]
[Filter Coefficiert Setting]
1) WhenFIL1 ard FIL2 are s¢ to “HPF
fs: Sanpling frequeng
fc: Cut-off frequency
f: Inputsignalfrequency
K: Filter gain [dB] (Filter gain of shout be seto 0dB.)
Registe sdting
FIL1: F1AS bit =“0", F1A[13:0] bits =A, F1B[13:0] bits=B
FIL3: F3AS bit =“0", F3A[13:0] bits =A, F3B[13:0] bits=B
(MSB=F1A13, F1BL3, F3A13F3B13;LSB=F1A0, F1B0, F3A0,F3B0)
1/ tan (=fc/fs) 1-1 /tan (=fc/fs)
A =100k B =
1+ 1/tan (xfc/fs) 1 + 1/ tan (nfc/fs)
Transfer fundion Amplitude Phase
1-z71 2 — 2ms(2nf/fs) (B+1)sin (2nf/fs)
Hiz)=A M(f) =A o(f) =tan*
1+Bz? 1 + B* + 2Bcos (2nf/fs)

1 -B + (B-1)cos(2xrf/fs)

2) WhenFIL1 ard FIL2 are sé to “LPF”

fs: Sanpling frequeng
fc: Cut-off frequency
f: Input signalfrequency

K: Filter gan [dB] (Filter gain of FHL1 shoutl besetto 0dB.)

Registe sdting

FIL1: F1AS bit = “1”, F1A[13:0] bits =A, F1B[13:0] bits =B
FIL3: F3AS bit = “1”, F3A[13:0] bits =A, F3B[13:0] bits =B
(MSB=F1A13, F1BL3, F3A13F3B13; LSB=F1A0, F1B0, F3A0,F3B0)

Downloaded from Elcodis.com electronic components distributor

1 1-1 /tan (=fc/fs)
A =10"x B=
1+ 1/tan (nfc/fs) 1 + 1/ tan (nfc/fs)
Transfer fundion Amplitude Phase
1+z71 2 + 2cos(2nf/fs) (B—1)sin (2xf/fs)
H(z) =A M(f) = A o(f) =tan "
1+Bz* 1 + B* + 2Bcos (2nf/fs) 1+ B + (B+1)cos (2xf/fs)
MS0566-E-00

-31-

2006/11


http://elcodis.com/parts/6159598/ak4647vq.html

ASAHI KASEI [AK4647]

3) EQ

fs: Sanpling frequeng

fcy: Pole frequency

fc,: Zero-point frequancy

f: Inputsignalfrequency

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

Registe sdting
EQA[15:0] bits =A, EQB[13:0] bits =B, EQ15:0] bits =C
(MSB=EQAL15, EQB13, EQQ5; LSB=EQAOQ, EQB, EQCO0)

1 + 1/ tan (nfc,/fs) 1-1/tan (nfcy/fs) 1 - 1/ tan (nfc,/fs)
A=100x , B= ,  C=10"%x
1 + 1/ tan (nfc,/fs) 1 + 1/ tan (nfcy/fs) 1 + 1/ tan (nfc,/fs)
Transfer fundion Amplitude Phase
A+Czt A? + C? + 2ACcos (2nf/fs) (AB-C)sin (2nf/fs)
H(z) = M(f) = o(f) = tan™*
1+Bz™* 1 +B? + 2Bcos @nf/fs) A + BC + (AB+C)cos(2nf/fs)

[Translaion thefil ter codfi cientcakulated by theequaionsabovefrom realnunber b binary code (2's complement)]
X = (Red number of filter cofi cientcalculated by the equaions #&@ove)x 2'°

X shouldberoundedo integer, and thenshout be translaed to binary code (2’s complement).
MSB of eachfilter coefficientseting register is sinebit.

[Filter Coefficiernt Setting Exampe]

1) FIL1block
Example: HPF, fs=44.1kHz, fe100Hz
F1AS bit = “0”

F1A[13:0] bits= 011111 1100 0110
F1B[13:0] bits = 100000 (.11 0100

2) EQblock

Example: fs=44.1kHz, f¢=300Hz, fc,=3000Hz Gan=+8dB
Gain[dB] A

+8dB

>
fc, fco Frequency
EQA[15:0] bits=0000 10010110 1110
EQB[13.0] bits=10 00010101 1001
EQC150] bits=11111001 11101111
MS0566-E-00 2006/11
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B AL C Operation

The ALC (Automatic Level Control) is doneby ALC blockwhen ALC bt is “1”. Whenonly DAC is powered-upALC
circuit operaes at playbak pah. When only ADC is powered-up or botADC and DAC are powerd-up, ALC circuit
operaés & recording pah.

PMADL bit, PMADR bit | PMDAC bit | LOOPbit Status ALC
“0Q" 0 X Powe-down Powe-down Default
1 X Playbak Playbackpah
0 X Rearding Recording path
“01”, “10” or“11” 1 0 Recordng & Playback Recording pah
1 Rewrding Monitor Hayback Recording pah

Table 22. ALC S#ing (x: Don't care)
1. ALC Limiter Operaion

Duringthe ALC limiter operdion, when ether Lch or Rch exceeds the ALC limiter deedion level (Table 23), he IVL
and IVR vdues (sane valie) areattenuatd automaticaly by the amountdefined bythe ALC limiter ATT step (Tabé24).

When ZELMN bit= “0" (zero cress detection isnablal), thelVL and IVR valuesarechanged by AC limiter operation
atthe individualzero cossingpoints of Lch andRch oratthe zero crosshg imeout. ZTM1-0 bits se the zro crossig
timeout paiod of boh ALC limiter andrecoveryoperaion (Table 25).

When ZELMN bit =“1" (zero cross detectiamdisabled), IVLand IVRvalues are imediately (period:1/fs) changed by
ALC limiter operdion. Atenuaton sepis fixedto 1 sepregadless & the séting of LMAT1-0 bits.

The dtenuaion operabnis done ontinuouslyuntil the inputsigna level becomes ALC limiter deecionlevel (Table 23)
or less. Ater completing theatenuaton operéion, unles ALC bit is changedo “0”, the operationrepeas when theinput
signd level exceeds LMTH1-0 bis.

LMTH1 | LMTHO | ALC Limier Detedion Level | ALC RemveryWaiting Gounte Resd Levd
0 0 ALC Output> -2.5dBFS —2.5dBFS > ALC Output> —4.1dBFS Default
0 1 ALC Output> -4.1dBFS —4.1dBFS> ALC Output> —6.0dBFS
1 0 ALC Output> —6.0dBFS —6.0dBFS > ALC Output > —-8.5dBFS
1 1 ALC Output> -8.5dBFS —8.5dBFS > ALC Oufput> -12dBFS

Table 23. ALC Limiter Detecion Level / Remvery Couner ResetLevel
ZELMN LMAT 1 LMATO ALC Limiter ATT Step
0 0 1step 0.375dB | Default
0 0 1 2step 0.750dB
1 0 4step 1.500dB
1 1 8step 3.000dB
1 X X 1sep 0.375dB

Tabe 24. ALCLimiter ATT Step (x: Don’t care)

Zero Crossing Tineout Period

ZTM1 ZTMO 8kHz 16kHz 44, 1kHz
0 0 128/fs 16nms 8ms 2.9nB Defaut
0 1 256/fs 32nms 16ns 5.8m8
1 0 512/fs 64nms 32ns 11.6ns
1 1 1024fs 128ns 64ms 23.2ns

Table 25. ALC Zero Crossihg Timeout Peaiod
MS0566-E-00 2006/11
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2. ALC Recoveay Opaation

TheALC recveryoperdion wats for he WTM1-0 bits (Table 26) 10 be s¢ after completing the ALC limiter opeation.
If the inputsignaldoes not exa “ALC recovey waiting counte resetievel” (Table 23) during thewait time, the ALC
recoveryoperatonis done. ThdVL andIVR vadues are aubmaticdly incremented by RGAIN1-0 bits (Table 27) upto
the sd referencdevel (Table 28) with zeo crossing degdion which timeout perod is seby ZTM1-0 bits (Teble 25).
Thenthe VL andIVR are sd to the sane vaue for bothchannés. TheALC reaveryopeation isdone aa peiod setby
WTM1-0 bits. When zero crosssdetecied d both chaanek during the wait period sé by WTM1-0 bits,the ALC recovery
operatonwaits untl WTM1-0 period and the nextrecovey opeation is done

For exanple, whenthe currentlVOL value is 30Hand RGAIN1-0 bits aresd to “01”, IVOL is changedto 32H by the
aub limiter operdion and then the inputsignallevel isganed by 0.75dB(=0.375d x 2). When thelV OL value exceeds
the refeencelevel (REF7-0), he IVOL valuesarenotincreased.

When

“ALC recovery waitirg couner reset leveLMTH1-0) < Output Signd < ALC limiter deedion level (LMTH1-0)"
during the ALC recoveryopeaaton, thewaiting imer of ALC recvery operation is reset When

“ALC recovery waitirg counter reset levgLMTH1-0) > Output Sigal”,
the waiting timer of ALC re@veryoperaion stats.

The ALC operaion correspondsatthe impulsenoise Whenthe impulsenoise s input the ALC recveryoperdion
bemmesfaserthan a norma recovery opeation. Whendrge nose sinputto microphonenstan@neously the quéity of
smell level in the large noisecanbeimproved by this fastrecoveryoperaton.

ALC RecoveryOpeaton Wating Peiod
WML WTMO 8kHz 16kHz 44.1kHz
0 0 128/fs 16nms 8ms 2.9n8 Defaut
0 1 256/fs 32ms 16ns 5.8ms
1 0 512/fs 64nms 32ns 11.6ns
1 1 1024fs 128s 64ms 23.2ns

Tabe 26. ALC Recovery Operation Waiting Period

RGAIN1 | RGAINO GAIN STEP
0 0 1step 0.375dB |Defaut
0 1 2step 0.750dB
1 0 3step 1.125dB
1 1 4step 1.500dB

Table 27. ALC Recovey GAIN Step

REF7-0 GAIN(dB) Step

F1H +36.0

FOH +35.625

EFH +35.25

E2H +30.375

E1H +30.0 0.375dB  |Default
EOH +29.625

03H —53.25

02H —53.625

01H —54.0

00H MUTE

Table 28. Réerene Level at ALC Remvery operation

MS0566-E-00 2006/11
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3. Exanple of ALC Opeation

Table 29 showshe exanples ofthe ALC seting for nic recording.

[AK4647]

: fs=8kHz fs=44.1kHz
Register Name | Comment Data Opeation Data Opeation
LMTH1-0 Limiter detecion Levd 01 -4.1dBFS 01 —4.1dBFS
ZELMN Limiter zerocrossing deection 0 Enable 0 Enable
ZTM1-0 Zero aossingtimeout peiod 01 32ms 11 23.2ms

Remvery waiting perbd
WTM1-0 *WTM1-0 bits shoull bethe sane or| 01 32ns 11 23.2ms
longerdat as ZTM1-0Obits.
REF7-0 Maximum gain at recovery operdion E1H +30dB E1H +30dB
VECD. Gan of IVOL E1H +30dB E1H +30B
LMAT1-0 Limiter ATT step 00 1 st 00 1step
RGAIN1-0 Rewmvery GAIN step 00 1 st 00 1step
ALC ALC enable 1 Enale 1 Enabk

Table 29. Examle of the ALC seting

Thefollowing regste's should nobe chaged dumg the ALC opeaton. These bits should bechangel after the ALC
operaton is finishel by ALC bit = “0” or PMADL=PMADR bhits="0".

e LMTH, LMAT1-0, WTM1-0, ZTM1-0, RGAIN1-0, REF7-0, ZELMN

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

Manual Mode

!

WR (ZTM1-0, WTM2-0) (1) Addr=06H, Data=14H

v '

WR (REF7-0) (2) Addr=08H, Data=E1H

! '

WR (IVL/R7-0) |* The value of IVOL should be (3) Addr=09H&0CH, 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

Figure25. Regista's se-up sequeceat ALC operdion

MS0566-E-00 2006/11
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B Input Digital Volume (Manual Mode)

[AK4647]

Theinputdigital volume becomes amanualmodewhen ALC bit is “0”. This modeis usel in the caseshownbelow.

1. After exiting resestate, s¢-up te registers forthe ALC operation (ZTM1-0,LMTH and et)
2. When the registers forthe ALC operdion (Limiter period, Recovey peaiod ad et) are changed.

For exanple; when he change of thesanpling frequeng.

3. When IVOL is usal asamanual volume.

IVL7-0 andIVR7-0 bits sd the gan of the volume mntrol (Table 30). ThelVOL value is changedat zero crossing or
timeout Zerocrossig timeout peiod is setby ZTM1-0 bits. If IVL7-0 or IVR7-0 bits are written during

PMADL=PMADR bits = “0", IVOL operation stats with the written values atthe end of the ADC initialization cyde
aftee PMADL or PMADR bit ischanged b “1”.

Evenif the pat is switched fromrecording o playbak, the regste seting of IVOL remeins. Theréore IVL7-0 and
IVR7-0 bits shoutl besetto “91H” (0dB).

IVL7-0
IV R7-0 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
00H MUTE

MS0566-E-00
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When writingto thelVL7-0 and IVR7-0 bits continuously, thecontol register shoull be witten by an interval more than
zeo crossngtimeout If not, IVL andIVR arenotchangé sin@ zro aossing ounte isresetatevey write opeation. If
the saneregiste vaue asthe previous writ operdion is written to IVL and IVR, this write operation isignoredand zeo
crossihg countg is notrese. Thaefore, IVL and IVR canbewritten byan interval less hanzero aossihgtimeout

ALC bit

] 1
1 1
ALC Status Disable | Enable | Disable
! i
IVL7-0 bits : E1H(+30dB) :
! i
] 1
IVR7-0 bits : C6H(+20dB) :
! i
Internal IVL E1H(+30dB) | E1(+30dB) --> F1(+36dB) | E1+300B)
| (1) L (2)
Internal IVR C6H(+20dB) | E1(+30dB) --> F1(+36dB) | ceH(+200B)

Figure26. IVOL vadue during ALC operdion

(1) ThelVL vaue beomes the startvaue if the IVL and IVR are different when the ALC garts. The wait time from
ALC bit ="1" to ALC operaitonstat by IVL7-0 bitsis & mostrecoverytime (WTM1-0 bits) pluszerocrosstimeout
period (ZTM1-0 bis).

(2) WritingtoIVL and IVR registers (09H ar@CH) is ignored during ALC operatioAfter ALC is disabledthe IVOL
change b thelastwritten databy zero crossing or tmeout. When ALC isendled agan, ALC bit should besetto “1”
by an nterval more than ze&o crossing imeout period after ALC bit = “0”.

MS0566-E-00 2006/11
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B De-emphasis Filter

The AK4647 includes ke digital de-enphass filter (tc = 50/15us) by IIR filter. Seting the DEM1-0 bits enades the
de-enphssis filter (Table 31).

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

Table 31. Deemphass Control

W Bass Boost Function

The BST1-0 bits control the anountof low frequencyboostappled to the DAC outputsignal (Table 32). If the BST1-0

bits are seto “01” (MIN Level), use a47uF capaitor for AC-coupling. If the boostd signd exceedsfull sale,theanabg
output cips o the full scak. Figure 27showsthe boostfrequeng resporsea —20dBsignd inpu.

Boost Filter (fs=44.1kHz)

Gain [dB]

Frequency [HZz]

Figure 27. Bas BostFrequencyRespmse(fs=44.1kHz)

MS0566-E-00

BST1 BSTO Mode
0 0 OFF Default
0 1 MIN
1 0 MID
1 1 MAX
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W Digit al Output Volume

The AK4647 hasa diital outputvolume (256 évels, 0.5dB step, Mute). The voume @an besetby the DVL7-0 and
DVR7-0 bis. Thevolumeis includedin front of aDAC block. The nputdat of DAC ischanged from +12to—115dBor
MUTE. When he DVOLC bit =“1", the DVL7-0 bits contol both Lch and Rt atenuatonlevels. Whenthe DVOLC bit

=“0", theDVL7-0 bis contol Lch level andDVR7-0 bis control Rch level. This volume hasa soft transtion functon.
TheDVTM bit sesthetranstion ime bewveen sd values ofDVL/R7-0bits as either 1061fs or 256fs (Tabk 34). When
DVTM bit = “0", a softtranstion beween the sé valuesocaurs (1062 évels). It takes 1061k (=24ms@fs=4.1kH2)

from OOH (+12dB) b FFH (MUTE).

DVL/R7-0 Gain Step
0O0H +12.0dB
01H +11.5dB
02H +11.0dB
18H 0dB 0.5dB Default
FDH -114.5dB
FEH -115.0dB
FFH MUTE (—o0)
Table 33. Dgital Volume CodeTable
DVTM bit Transtipn time beween DVLR7-0 bits = 00H andFFH
Sdting fs=8kHz fs=44.1kHz
0 1061fs 133ns 24ns Default
1 256fs 32ns 6ms

Table 34. Trasition Time Setting of Digital Output Volume
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W Soft Mute

Softmute operdion is paformedin thedigital domain. Whenthe SMUTE bitgoesto “1”, theoutput sgnd is atenuatd
by —0 (“0") during the cycle se by the DVTM bit. Whenthe SMUTE bit is returnedto “0”, the muteis canceled and he
outputattenuaton gralualy changes t the value setby the DVL/R7-0 bits duringthe cycle set of the DVTM bit. If the

softmuteis canceled within the gycle setby theDVTM bit after starting the operéion, theatenuatonis discontnued and

returnedto the valie setby the DVL/R7-0 bits. Thesoftmuteis dfective for chaging he signad sourcewithoutstopping
the signaltransnission (kgure 29.

SMUTE bit

DVTM bit DVTM bit
<+—>
DVL/R7-0 bits (1)

Attenuation Af*)

—» 4—GD —» 4—GD
(2)

Analog Output \/~

Figure 28. 8ft Mute Functon

(1) The outputsignd is atenuaed unil —o (“0”) by the cycle setby the DVTM bit.

(2) Analog ouput correspondingatdigital input hasthe groupdday (GD).

(3) If the softmute is canceled within the cycle se by the DVTM bit, theatenuatonis dismunted and retirned to the
vaue setby the DVL/R7-0 bis.
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B Analog Mixin g : Mono Input

When the RMBP bit is se to “1”, the mono hputis poweed-up. Whenhe BEEFH bit is setto “1”, the inputsignal from
the MIN pinis ouputto Headphone-Anp. When theBEEPL bt is setto “1”, theinput sgnd from the MIN pin is output
to the sereo line outputanplifier. The exérnal resste Ri adjusts thesignallevel of MIN input Table 35 andTable 36
showthe typicd gan exanple atR; = 20kQ. This gan is in inverseproporton b R; .

MIN 1 QR,i, r BEEPL
—o/o—b LOUT/ROUT pin
BEEPH
oo P HPL/HPR pin
Figure29. Bock Diagramof MIN pin
LOVL bit MIN - LOUT/ROUT
0 0dB Defaut
1 +2dB

Table 35. MIN Input=> LOUT/ROUT Ouput Gan (typ) a R, = 20k

HPG bit MIN > HPL/HPR
0 —-20dB Default
1 —-16.4dB

Table 36. MN Input-> Headphone-Am Output Gan (typ) a R = 20kQ
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B Stereo Line Output (LOUT/ROUT pins)

When DACL bit is “1”, Lch/Rch sgna of DAC is output fromthe LOUTROUT pins which is singke-endedWhen
DACL bit is “0", outputsignalis muted and LOUTROUT pins ouput VCOM voltage. Theload impedanceis 10k
(min.). When the PMLO bit = LOPS bit = “0”, the sereo line ouput enters powe-down node ad the ouput is
pulled-down b AVSS by100k)(typ). When he LOPS bitis“1”, stereo ine ouputentrs powe-save node.Pop nose at
power-upflown @n bereducedby changhng PMLO bit at LOPS bit = “1”. In this case outputsignal line should be
pulled-down b AVSS by20k after AC couded as fgure 31. ReFall time is 300ns(mex) atC=1uF. When PMLO bit
="“1", LOPSbit =“0", stereo lineoutputisin normel operdion.

LOVL bit setthe gan of sterep lineoutput

1
oo P‘ » LOUT pin
DAC . :
' ; P( P ROUT pin
1

Figure30. SereoLineOutput

LOPS PMLO Mode LOUT/ROUT pin
0 0 Powe-down Pull-downto AVSS Defaut
1 Normal Operaion Normal Opeaation
1 0 Power-save Fdl down to AVSS
1 Power-save Riseup © VCOM

Table 37. Sereo LineOutput Mode Séect (x: Don'’t care)

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

Table 38. SereoLine Qutput Volume Sdting

C
=
v

20kQ

Figure31. Exernal Circuit for SereoLine Output(in case of uaig Fop Reducion Qrcuit)
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[Stereo Line OutputContol Sequene (in caseof using Rop Redudion Qrcuit)]

(2) 5)
PMLO bit
(1) (3) (4) (6)
LOPS bit I |
LOUT, ROUT pins Normal Output l
T e T y:i T TTTTTTmTmTTm T T ie——— &
> 300 ms > 300 ms

Figure 32. StreoLine Output Control Sguencegin caseof using Pop Raucion Cicuit)

(1) Se LOPSbit =“1". Stereoline outputentrs the power-savenode

(2) Sea PMLO bit =“1". Sterep line outputexits the power-down rode.
LOUT and RQJT pinsrise upto VCOM voltage Rise tmeis 200ns (max 300ns) at C=1uF and
AVDD=33V.

(3) Se LOPSbit =“0" after LOUT andROUT pins riseup. Sereoline outputexits the power-save mode
Stereoline outputis endled.

(4) Sd LOPS bit =“1". Stereoline outputenters powa-savemode.

(5) Se PMLO bit =“0". Stereo line ouput enters powe-down mode.
LOUT and RQJT pinsfall downto AVSS. Fdl timeis 200ns (max 300ns) at C=1uF andAVDD=3.3V.

(6) Se LOPS bit =“0" after LOUT andROUT pins fal down. Stereoline outputexits the pover-sare mode
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B Headphon e Output

Power suppy voltagefor the HeadphoneAmp is suppied fromthe HVDD pin andcentered ontheHVDD/2 voltage.The
loadresktance and outputoltage are speified by HVDD voltage.HPG bit sdectsthe ouput voltage (see Table 39).

HVDD 2.6~ 5.25V 4.0~ 5.25V

HPG bit 0 1
Output Voltage[Vpp] 0.6x AVDD 0.91 x AVDD
Load Resistancenin) 22Q2 100

Table 39. Hadphone-Arp Output Voltage and Load Resistance

When the HPMTN bit is “0”, the common volkage of Headphone-Arp fall s and the outpus (HPL and HPRpins) goto
“L” (HVSS). Whenthe HPMTN bit is “I, the conmon voltage rigsto HVDD/2. A capacitor betweetihe MUTET pin
andground relucespop noiseat powe-up. RsdFall time consantisin proportonalto HVDD voltage andhe cgpactor
atMUTET pin.

[Example]: A capadtor betveen the MUTET pin and ground =1.0uF, HYDD=3.3V:

Risefall time constant: T = 100ms(typ), 250ms(mex)
Time unil the @mmon goe o HVSSwhen HPMTN bit =“1" - “0": 500ns(mex)

When PMHPL and MHPRbits ae “0", the Headphone-Anp is powered-dow, and theoutpus (HPL and HPRpins)go
to“L" (HVSS).

PMHPL bit,
PMHPR bit

HPMTN bit

——

1
1
HPL pin, i
HPR pin i
1
1
1

(1) ('2) 3 (4)

Figure33. Pwer-up/Power-downTiming for Headphone-Am

(1) Headphone-Arm power-up(PMHPL, PMHPR bit = “1"). The outpus are sill HVSS.

(2) Headphone-Am common voliage rises up(HPMTN bit = “1”). Common volage of Headphone-Am is rising.

(3) Headphone-Arm common voliage falls down(HPMTN bit = “0”). Conmmon vokage of Headphone-Arp is falli ng.

(4) Headphone-Am power-down (PMIPL, PMHPR bit = “0"). The ouputs are HVSS. If the power supplys switched
off or Headphone-Am is powered-down before tltemmon vokage goes b HVSS some POP noiseocaurs.
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<External Circ uit o f Headphon e-Amp >

When BOOST=0H, the cut-off frequency (fc) of Headphone-Anp depends otthe externd resitor and cgpadtor. This
fc can be shifted to lower frequecy by ushg bessboostfuncion. Tabé 40 showshe aut off frequency and he output
power for vaious resstor/capaitor conbinations.The hedphone impedanceR, is 16Q. Ouput powers areshown at
HVDD = 3.0, 3.3 ad 5.0V. Theoutput voltage ofheadphonés 0.6 xAVDD (Vpp) @HFG bit =“0”" and 0.91x AVDD
(Vpp) @HPRG bit =“1".

When an externa resisor R is sméer than 12Q, put an osdiation preveribn crcuit (0.221F£20% capaitor and
100+20% resstor) beause it hasthe possbility that Headphone-Am oscil ates.

HP-AMP i i
: R E/: ' Headphone i
I L S160

AK4647 0.22p

10Q [ A

Figure34. External Circuit Example of Headphone

_ fc [HZz] fc [HZ] Output Pover [ MW]@0dB-S

HPGhit | R[Q] | C[uF] | BOOST=OFF B@Ofsoii\fl( :_| NZ 7y 20V 52y
. 6.8 14070 17409 ?g 10.1 125 15.1

16 14070 150% 4113 5.1 6.3 7.7
e 106 i 3 4 50

100 icz) 16327 gg 0.9 11 13

Table 40. Exernd Circuit Exanple
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W Serial Control Interface

(1) 3-wire Serial Control Mode (12C pin = “L")

Internalregistersmay be writen by using the3-wire pPinterface pins (CSN, CA.K and CDTI). Thedat on hisinterface
conséts of a 2-bit Chip address (Biedto “10”), ReadMWrite (Fixed to “1"), Register addres(MSB first, 5bits) and
Contol daa (MSB first, 8bts). Each bi is clocked in onthe rising edge(“ ") of CCLK. Addressand d#aare biched on

the 16h CCLK rising edge“T”) after CSN falling edgé“{"). Clock spee of CCLK is 5MHz (max). The vale of
internal registers ardanitialized by PDN pin = “L".

v ] —

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CCLK
CDTI C1 |C0 |RNV|A4|A3|A2|A1|AO|D7|D6|D5|D4|D3|D2 |D1|D0 %% /
‘1" 0" 17
C1-C0: Chip Address (C1 =*1", CO =“0"); Fixed to “10”
R/W: READ/WRITE (“1”: WRITE, “0": READ); Fixed to “1”
A4-A0: Register Address
D7-D0O: Control data
Figure 35. SerieControl I/F Timing
MS0566-E-00 2006/11
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(2) 1°C-bus Control Mode (12C pin = “H")
The AK4647 suppds the fastmode FC-bus(max: 400kHz). Pulup resstors @ SDA and $L pins should beonneted
to (DVDD+0.3)V or lessvoltage.

(2)-1. WRITE Operdions

Figure36 showshe daitransfe sequenceor the ’C-bus node. Al cormands ae preededby aSTART condiion. A
HIGH to LOW transtion on the SDA line while SCL is HIGH indicaes aSTART condition (Figure 42).After the
START condtion,aslave aldresss sent. This address is bits longfollowed byan eghth bit thatis adat diredion bit
(R/W). Themostsignificantsix bits of the shveaddress ae fixed as ‘00101". Thenextbit is CADO (device address ).
This bit idenifies te speific device on the bus.The had-wired input pin (CADO pin) ses thesedevice address It$
(Figure 37). If he shveaddres matches hat of the AK4647,the AK4647 generdes an acknowddgeand theoperaton is
executed. The rasta must generde the aknowledge-rehted dock pulseandreleasethe SDA line (HIGH) during the
adknowledge cbck puke (Fgure43). A RW bit value of “1” indicates thd the read operatonis to be executed. A “0”
indicaes thatthe write goeration is to be exeauted.

The seond bye conssts of thecontol register addrss of the AK4647. The forrat is MSB first, and hosemost
significant 2-bits are fikedto zeros (kgure 38). The datafter the second kg contans contol daa. Theformatis MSB
first, 8bits (Figure 39). The AK4647 geneates anadknowledge after each byte has been reived. A dat transfe is
always terminated by a STOP condtion ganeraed bythe master. A LOW to HIGH trandiion onthe SDA linewhile SCL
isHIGH ddines aSTOP condtion (Figure 42).

The AK4647 an performmore than onebyte write opeaton per squence After receipt of the third byte the AK4647
geneates an acknowkdge and avaits the net dat. The maste can transnit more than onebyte instead of terminatingthe
write cycle afte thefirstdaabyte is transfered. After receiving ead data padetthe internal 6-bit address couneris
incremented by one and thenextdat is aubmaticdly taken inb the nextaddres. If the addresexceeds 24Hprior to
geneating astop condiion, he address aunter will “roll over” to OOH and theprevious daa will beoverwritten.

The daa onthe SDAIlinemust ramain steble during theHIGH period of the clock. The HIGHor LOW stde of the daa
line can only changewhenthe dock sgnalonthe SCL lineis LOW (Figure44)except for the START and SOP

condtions.
s
T S
A R/W="0 T
R o
T P
SDA |s i::?c\i/r?sss izgress(n) Data(n) Data(n+1) ( 1 Data(n+x) H
A A A A A A
c c c c c c
K K K K K K
Figure 36. Dai Transfer Squencest thel?C-Bus Mode
0 0 1 0 0 1 CADO | RW
(Those CADO should atich with CADO pins)
Figure 37. Thd-irstByte
0 0 0 A4 A3 A2 Al A0
Figure38. TheSecondByte
D7 D6 D5 D4 D3 D2 D1 DO
Figure39. Byte Structure after the seond byte
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(2)-2. READOpaations

Sd the RW bit = “1” for the READ operabn of theAK4647. After transnisson of dat, the meste can real the next
address’slat by generding an adknowledgeinstead of terminating the write g/cle dter the receipt of the firstdataword.
After recaving ead dda padket the internal 6-bit address couner isincrenened byone, andhe next datis
aubmaticdly taken into thenext addres. If the addresexceals 24H prior to generang a stop contion, the addres
counter wil “roll ove” to 00Handthe dat of O0OH will bereadout.

The AK4647suppots two basi rea opaations: CURRENT ADDRESS READ and RANDOM ADDRESS READ.

(2)-2-1. CURRENT ADDRESSREAD

The AK4647contdans an inérnal address coumtr tha maintains theaddress bthe last word acessedincrenenied by
one. Theefore, f thelast access (éther areador write) wereto address n, the next CURRENT READ operdionwould
aacessdai@ from the address n+1. After receipt of the shveaddress vith R/W bit se to “1”, the AK4647 genmtes an
adknowledge, tansmits 1-byte of daato the address seby the internd address @unte and increnent the internal
addressounterby 1. If themaster does not geneman acknowddgeto the dai butinstead generats a stop condtion,
the AK4647 casedransnission.

S
T S
A RIW="1" T
R (e}
T P
SDA |s Slave Data(n) Data(n+1) Data(n+2) ( 1 Data(n+x) H
Address
A A A A A A
C C C c Cc C
K K K K K K

Figure 40. CURRENT ADDRESS READ

(2)-2-2. RANDOM ADDRESSREAD

The randontead operabn allows the maste to accessany memory locaionatrandom Prior to issuing theslave address
with the RW hit set to “1”, the maste must first perform a “dummy” write operation. The mader isswes a stat request, a
slave address (RN bit =“0") and thenthe regsteraddresdo read. Afer the regste addresssacknowedged the maste
immediately reissueshie stat requesend the slave addresswith the R/W bit sd to “1”. The AK4647 hengenerags an
adknowledge, 1byte of dataandincrements the internal addresscounter by 1. If the master does not generde an
adknowledge to thalaabutinstead genmates a sbp condiion, he AK4647ceass transnission.

S S
T T S
A R/W="0" A R/W="1" (-;
R R
T % T % P
SDA |s ilc:;/riss isgress(n) S ilc:;/riss Data(n) Data(n+1) ( 1 Data(n+x) H
A A A A A A A
C C C C C c C
K K K K K K K
Figure 41. RANDOM ADDRESS READ
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start condition stop condition

Figure 42. STAR andSTOP Conditions

DATA i --
OUTPUTBY |
TRANSMITTER |

i i not acknowledge \
DATA T T
OUTPUT BY i i
RECEIVER b
! E acknowledge
SCL FROM P )
MASTER : ! 1 8 9
LS oo t
______ clock pulse for
START acknowledgement
CONDITION
Figure43. Adknowedgeonthe FC-Bus
; i ! -
| 1 |
> / | | >< | \
a | A
| 1 |
i i i .
! | i
data line change
stable; of data
data valid allowed
Figure44.Bit Transfer on he 1°C-Bus
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B Register Map

Addr | Registe Name D7 . D6 D5 | D4 . D3 . D2 : D1 ' DO
00H | Power Managenent 1 0 i PMVCM | PMBP | 0 i PMLO ' PMDAC ! 0 i PMADL
01H | Paver Management 2 0 {HPMTN ! PMHPL | PMHPR: M/S ! 0 | MCKO ! PMPLL
02H | Signal Sect 1 0 | O { O ! DACL ! O | PMMP ! 0 | MGAINO
03H | Signal Slect 2 LOVL | LOPS | MGAIN1 ; 0 0 . BEER | 0 ; 0
04H | Mode Control 1 PLL3 | PLL2 | PLL1 | PUO | BCKO ! 0 | DIFL ! DIFO
05H | Mode Control 2 PS1 ' PSO : FS3 0 0 ' FS2 ' FS1 ! FSO
06H | Timer Select DVIM | 0 | ZTM1 | ZTMO | WTM1 | WTMO | 0 | 0
07H | ALC Mode Control 1 0 | 0 | ALC ! ZELMN ! LMAT1 ! LMATO ! RGAINO | LMTHO
08H | ALC Mode Contol 2 REF7 | REF6 : REF5 | REF4 . REF3 ! RE2 | REFlL : REFO
09 | Lch Input Volume Control IVL7 : IVL6 : IVL5 : VL4 IVL3 : IVL2 : IVL1 : IVLO
0AH | Lch Digital VolumeControl DVL7 | DVL6 | DVL5 : DVL4 : DVL3 : DVL2 : DVL1 | DVLO
0BH | ALC Mode Control 3 RGAINL | LMTHL | 0O ! 0 0 | 0 . 0 . o0
OCH | Rch InputVolume Contol IVR7 | IVR6 . IVR5 | IVR4 | IVR3 | IVR2 | IVR1L | IVRO
ODH | Rch Digital VolumeCortrol | DVR7 | DVR6 | DVR5 | DVR4 | DVR3 | DVR2 | DVR1 . DVRO
OEH | Mode Control 3 0O | LOOP ! SMUTE | DVOLC ! BST1 ! BSTO ! DEM1 ! DEMO
OFH | Mode Control 4 0 | 0 | 0 | 0 ! IVOLC | HPM | BEEPH ! DACH
10H | Pover Managenent 3 0 0 ! HPG ! MDIF2 | MDIFL © INR ! INL ! PMADR
11H | Digital Filter Sdlect GNL | GNO | 0 | FLL |\ EQ | FL3 I 0 | O
12H | FIL3 Co-efficient 0 F3A7 | F3A6 | F35 | F3A4 | F3A3 . FA2 : F3A1l | F3A0
13H | FIL3 Co-efficient1 F3AS | 0 . F3A13 ! FAlL2 F3A11 . F3A10 @ F3A9 . F3A8
14H | FIL3 Co-efficient 2 F3B7 | F386 | F3B5 | F3B4 | F3B3 ! F3B2 | F3Bl1 ! F3BO
15H | FIL3 Co-efficient 3 0O ! O | F3B13 ! F3B12 | F3BW ! F3810 ! F3B9 | F3B8
16H | EQ Co-efficient0 EQA7 | EQA6 | EQA5 | EQA | EQA3 | EQ\2 ! EQAL | EQAO
17H | EQ Co-efficient 1 EQA15 ! EQA14 ' EQA13 | EQA12 ! EQA1l : EQA10 | EQA9 '@ EQA8
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 | EQB8
1AH | EQ Co-efficient 4 EQC7 | EQC6 | EQC5 | EQC4 | EQC3 | EQC2: EQC1 : EQCO
1BH | EQ Co-efficient 5 EQC15 | EQCl4 | EQC13 | EQC12 | EQC1l | EQC10 ;| EQC9 | EQCS
1CH | FIL1 Co-efficient 0 FIA7 | F1A6 | FIA5 | FIAA | F1A3 | FIA2 | FIAL | F1AO
1DH | FIL1 Co-efficient 1 FIAS | 0 | FI1A13 | FIAl2 FIA11 | FIA10 | F1A9 | FIA8
1EH | FIL1 Co-efficient 2 FIB7 ! FIB6 ! F1B5 @ F1B4 F1B3 ! F1B2 @ F1B1 : F1BO
1FH | FIL1 Co-efficient 3 0 0 | FIB13 | FIB12 ! FI1BIl @ FIB10 : F1B9 @ FIB8
Note 33. PDN pin =“L” resdsthe regista's o their default values.

Note 34. Unusel bits must contin a“0” vaue.
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B Register Definition s

Addr | RegisteiName D7 . D6 . D5 | D4 . D3 . D2 . D1 . DO
00H | Power Management 1 0 i PMVCM | PMBP 0 i PMLO ' PMDAC ! 0 i PMADL
Default 0 0 i 0 i 0 i 0 i 0 i 0 i 0

PMADL: MIC-Amp Lch and ADCLch Power Managenent
0: Power-down(Defaut)
1: Power-up
When the PMADL or PMADR bit is changed from‘0” to “1”, the initialization cycle (1059/fs=24rs
@44.1kH3 starts. Afte initidizing, digital dat of the ADC is output

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

PMLO: StereoLine Out Power Managenent
0: Power-down(Defaut)
1: Power-up

PMBP: Mono InputPower Management
0: Power-down(Defaut)
1: Power-up
Both PMDAC andPMBP bits should be setb “1” when DAC is powered-up for glybad.

PMVCM: VCOM Power Managenent
0: Power-down(Defaut)
1: Power-up
When ay blokks arepowered-up,ite PMVCM bit must besetto “1”. PMVCM bit can be setto “0” only
when al powermanagement bits of 00H, 01H, 02H, 10H, 20Hand MCKO bits are “0”.

Each block can bepoweral-downrespetively by writing “0” in eachbit of this addressWhenthe PDN pin is“L” , al
blocks @e powered-dow regardessas sding ofthis address. Inthis case, registe is initialized to the default value.

When all power nanagernent bits are ‘0" in the 00H, 01H, 02H, 10Hand 20H addresses and”KO bit is “0”, all
blocksare powerd-down.The regster valesremain unchanged. Powe suppy currentis 2QuA(typ) in this case For
fully shutdown (typ. 1uA), PDN pin shoul be “L".

When neither ADC norDAC are used, egtnal clocks nay notbe present. When ADC or DAC s usel, exernal clocks
must always be present

MS0566-E-00 2006/11
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Addr | Register Name D7 : D6 ! D5 ! D4 : D3 ! D2 ! DI ! DO
01H | Powe Management 2 0 :HPMTN : PMHPL : PMHPR; M/S : 0 : MCKO | PMPLL
Default 0o 0 | 0 0 0 | 0 | 0 0

PMPLL: PLL Power Manageent
0: EXT Modeand Pwer-Down(Defaul)
1: PLL M odeandPowe-up

MCKO: Master Clock Ouput Enabé
0: Disable: MCKO pin =“L” (Default)
1: Enale: Output frequeny is sebded byPSL-0 bits.

M/S: Master / SlaveMode Sekd
0: SlaveMode (Defaul)
1: Master Mode

PMHPR: Headphone-Anp Rch Powe Managenent
0: Power-down(Defaut)
1: Power-up

PMHPL: Headphone-Arp Lch Powe Managenent
0: Power-down(Defaul)
1: Power-up

HPMTN: Healphone-Anp Mute Contol
0: Mute (Default)
1:Normal operaton

Addr | RegisteName D7 : D6 : D5 ! D4 ! D3 ! D2 : DI : DO
02H | Signal Slect 1 0O : 0 { 0 :DACL:! O | PMMP : 0 | MGAINO
Default o . 0 + O 1 0 0 | o | o0 | 1

MGAIN1-0: MIC-Amp Gan Control (See Tabk 18)
MGAINL1 bit is D5 bit of 03H.

PMMP: MPWR pin Powe Managenent
0: Power-down:Hi-Z (Default)
1: Power-up

DACL: Switch Control from DAC to Stereo Line Output
0: OFF (Default)
1:ON
When PMLO bit is “1”, DACL bit is endled. When PMLO bit is “0”, the LOUTROUT pinsgo o AVSS.
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Addr | RegisteName D7 ! D6 : D5 @ D4 D3 D2 D1 DO
03H | Signal Sded 2 LOVL : LOPS : MGAIN1 : O 0 BEEPL 0 0

Default 0o | 0 | 0 P00 0 0 0 0

BEEPL: Switch Control from MIN pin to Sereo LineOutput
0: OFF (Default)
1: ON

When PMLO bit is “1”, BEERL bit is endled. When PMLO bit is “0”, theLOUT/ROUT pins gato AVSS

MGAIN1: MIC-Amp Gan Contol (See Table 18)

LOPS: Stereo Line Output Powe-SaveMode
0: Normal Operation (Defaut)
1: Power-Save Mode

LOVL: Stereo Lne Oufput Gan Sdect (Table 38)
0: 0dB (Defaut)

1:+2dB
Addr | Register Name D7 : D6 ! D5 ! D4 D3 : D2 D1 DO
04H | ModeControl 1 PLL3 ! PLL2 : PLL1 : PLLO BCKO i 0 DIF1 DIFO
Default O ! 0 ! 0 ! 0 0 ! 0 1 0
DIF1-0: Audio Interface Format (See Table 13)
Default: “10" (Left jutified)
BCKO: BICK Output Frequeng SelectatMaster Mode (®e Tabé 10)
PLL3-0: PLL Referene Clock Sdect (See Table 4)
Default: “0000"(LRCKpin)
Addr | Register Name D7 | D6 | D5 ! D4 D3 D2 D1 DO
05H [ Mode Control 2 PSL : P | FS3 | 0 0 FS2 FS1 FO
Default 0 : 0 : 0 : 0 0 0 0 0
FS3-0: Sanpling Frequeng Select(See Table 5and Tabk 6.)and MCKI Frequency Seled (SeeTable 11.)
FS3-0 bits seka sanpling frequencyat PLL mode and M®&I frequeng at EXT mode.
PSL-0: MCKO Oufput Frequeng Sdect(Tabk 9)
Default: “00"(256fs)
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Addr | Register Name D7 D6 D5 D4 | D3 | D2 | D1 DO
06H | Timer Sdect DVTM 0 ZTM1 : ZTMO ; WTM1 ; WTMO : O 0

Default o : O O + O { 0 { 0 : 0 i O
WTM1-0: ALC Recovey Waiting Perod (seeTable 26.)
Default: “00" (128/fs)
ZTM1-0: ALC Limiter/RecoveryOpeaation Zgo Crosshg TimeoutPeaiod (s& Table 25.)
Default: “00" (128/fs)
DVTM: Digital Volume Transtion Time Sdting (see Tal# 34.)
0: 1061fs (Defaul)
1: 256fs
Thisis thetransition ime betveen DVL/R7-0bits = 00H and F-H.
Addr | Register Name D7 D6 D5 D4 « D3 | D2 | D1 DO
07H | ALC Mode Catrol 1 0 0 ALC | ZELMN i{ LMATL1 | LMATO | RGAINO | LMTHO
Default 0 0 0 O : 0O 1 0 ' 0 0
LMTH21-0: ALC Limiter Detedion Level/ RecoveryCounte Rese Levd (seeTable 23.)
Default: “ 00"
LMTH 1 bit is D6 bit of 0BH
RGAIN1-0: ALC Recovey GAIN Step(seeTable 27.)
Default: “00"
RGAIN1 bit is D7 bit of 03H.
LMAT1-0: ALC Limiter ATT Step (se€Table 24.)
Default: “00"
ZELMN: Zero Qossing Detection Enabket ALC Limiter Operation
0: Enalde (Defaut)
1 Disable
ALC: ALC Enale
0: ALC Disable (Default)
1. ALC Enable
Addr | Register Name D7 . D6 D5 D4 . D3 D2 D1 DO
08H |ALC Mode Cantrol 2 REF7 . RERS REF5 REF4 | RE3 REF2 . REF1 REFO
Default 1 ; 1 ; 1 ; 0 ; 0 ; 0 0 1
REF7-0: ReferenceValue a ALC Recovey Operdion.0.375dBstkep, 242 evel (seeTabk 28.)
Default: “E1H” (+30.0dB)
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Addr |Register Name D7 ! D6 '@ D5 D4 D3 | D2 DI : DO
09H |Lch InputVolume Control IVL7 | IVL6 | IVL5 IVL 4 IVL3 | VL2 VL1 | IVLO
0CH [Rch Input Vblume Conrol IVR7 | IVR6 ! IVR5 IV R4 IVR3 ! IVR2 IVRL : IVRO
Default 1 ' 1 ' 1 0 0 ' 0 0 ' 1
IVL7-0, IVR7-0: Input Digital Volume; 0.375dB stp, 242 evel (see Tablke 30.)
Default: “E1H" (+30.0dB)
Addr | Register Name D7 ! D6 ! D5 D4 D3 | D2 DI : DO
OAH | Lch Digital Volume Catrol | DVL7 | DVL6 | DVL5 | DVL4 ;| DVL3 | DVL2 | DVL1 : DVLO
ODH | Rch Digital Volune Control | DVR7 | DVR6 | DVR5 | DVR4 | DVR3 ;| DVR2 ! DVR1 : DVRO
Default 0 | 0O ! 0 1 1 ! 0 0 ! 0
DVL7-0, DVR7-0: Output Dgital Volume (see Tabke 33.)
Default: “18H” (0dB)
Addr | Register Name D7 ! D6 | D5 ! D4 D3 | D2 DL | DO
0BH | ALC Mode Control 3 RGAIN1 | LMTH1 | 0 0 0 : 0 0 ! 0
Default 0O ! 0 ! 0 0 0 ! 0 0 ! 0
LMTHZ1: ALC Limiter Detecion Level / Recovery Couner ResetLevel (seeTable 23.)
RGAIN1: ALC Recover GAIN Step (see Talkel 27.)
Addr | Register Name D7 : D6 : D5 : D4 : D3 : D2 D1 : DO
OEH | Mode Cortrol 3 0 | LOOP : SMUTE | DVOLC | BST1 | BSO0 DEM1 | DEMO
Default 0O ! 0 ! 0 1 0 | 0 0 1

DEM1-0: De-emphasis FrequencySdect (Table 31)
Default: “01" (OFF)

BST1-0: Bass Boostuncion Select(Tabk 32)
Default: “00" (OFF)

DVOLC: Output Digital Volume Control ModeSdect
0: Independat
1: Dependeat (Default)

When DVQLC bit = “1”, DVL7-0 bits contol both Lch and Rch volume level, while register values of
DVL7-0 bits arenot written to DVR7-0 bis. When DVOLC bit = “0”, DVL7-0 bits contol Lch level and

DVR7-0 bis contol Rch level, respecively.

SMUTE: Sft Mute Control
0: Normal Operation (Defaut)
1: DAC outpus soft-nuted

LOOP: Digital Loopba& Mode
0: SDTI — DAC (Defaut)
1. SDTO — DAC
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Addr | Register Name D7 ! D6 ! D5 ! D4 ! D3 ! D2 ! DI ! DO

OFH | Mode Cortrol 4 0O : 0 : O : 0 . IVOLC: HPM : BEEPH: DACH
Default 0o : 0 0 | 0O : 1 + 0 0 | 0

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

BEEPH:Switch Contol from MIN pin to Heaphone-Anp
0: OFF (Default)
1:ON

HPM: Headphore-Amp Mono Qutput Seled
0: Sterep (Default)
1:Mono

Whenthe HPM bit = “1”, DAC oufputsignalis output to Lch and Rch of the Headphore-Amp &s (L+R)/2

IVOLC: Input Digital Volume Control Mode Seled
0: Independat
1: Dependat (Default)

When IVOLCbit ="1", IVL7-0 bits control both Lch andRch vdume level, while register values oflVL7-0
bits arenot written to IVR7-0 bts. When IVAL.C bit = “0", IVL7-0 bits contol Lch level and IVR7-0 bits

contol Rch level, respetively.

Addr | Register Name D7 ¢ D6 D5 { D4 ' D3 ¢ D2 | DI ! DO
10H | Power Management 3 0 ! 0O ! HPG ! MDIF2 ! MDIF1 ! INR : INL ! PMADR
Defadt 0 , 0 , 0 , 0 0 , 0 , 0 , 0
PMADR: MIC-Amp Lchand ADC Rdch Power Management
0: Power-down(Defaul)
1: Power-up
INL: ADC Lch InputSource Seled
0:LIN1 pin (Defaut)
1:LINZ2 pin
INR: ADC Rd Input Soure Sekct
0: RIN1 pin (Default)
1:RIN2 pin
MDIF1: Single-ended / Fiddifferentia Input Séectl
0: Single-endeal input(LIN1/RIN1 pins: Defaut)
1: Full-differential input(IN1+/IN1- pins)
MDIF1 bit sdects the input type of pins#46 and#47.
MDIF2: Single-ended / Fiddifferentia Input Séect2
0: Single-endeal input(LIN2/RIN2 pins: Defaut)
1: Full-differential input(IN2+/IN2— pins)
MDIF2 bit sdects the input type of pins#45 and#44.
HPG: Headphone-Am Gain Seled (see Table 39)
0: 0dB (Defaut)
1:+3.6dB
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Addr | RegisteName D7 ! D6 ! D5 ! D4 ! D3 : D2 ! D1 : DO
11H |Digital Filter Select GNL : GNO : 0 : FLL : EQ : FAL3 : O : O
Default o . 0 { 0 :{ O { 0 i 0 i+ 0 i 0

GN1-0: Gain Sekct at GAIN block (SeeTabk 27
Default: “00"

FIL3: FIL3 (Stereo Sparation Enphass Fiter) Goefficient Setting Enabk
0: Disable (Defaut)
1: Endle
When HL3 bitis“1”, the setings of F3A13-0ad F3BL3-0 bisareenabled. WhenFIL3 bitis“0”, FIL3 block
is OFF(MUTE).

EQ: EQ (Gain Compensdion Filter) Codfi cient Sdting Endle
0: Disable (Defaut)
1: Enale
When EQbit is“1", the settings of EQA15-0, EQB13-0 and EQC15-0 bhits are enabled. When EQ bit is“ 0",
EQ block is through(0dB).

FIL1: FIL1 (Wind-nose Redudion Filter) Codfi cientSdting Endle
0: Disable (Defaut)

1: Endle
When HL1 bitis“1”, the setings of F1A13-0ad F1BL3-0 bisareenabled. WhenFIL1 bitis“0”, FIL1 block
is through(OdB).
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Addr | RegisteName D7 ! D6 ! D5 ! D4 ! D3 : D2 ! D1 : DO
12H | FIL3 Co-efficient 0 F3A7 | F36 | F3A5 | F3A4 | F3A3 . F3A2 | F3A1 ! F3A0
13H [FIL3 Co-efficient 1 F3AS : 0 ! F3A13 : F3A12 : F3A11 : F3A10 : F3A9 . F3A8
14H [FIL3 Co-efficient 2 F3B7 | F3B6 | F3B5 | F3B4 | F3B3 ! F382 ! F3BL ! F3BO
15H |FIL3 Co-efficient 3 0 ! O ! F3B13 ' F3B12 '@ F3B11 ' F3B10 ' F3B9 : F3B8
16H |EQ Co-efficiert 0 EQA7 ' EQA6 ' EQA5 | EQM : EQA3 ' EQA2 | EQAl : EQAD
17H |EQ Co-efficiert 1 EQA15 | EQAl14 | EQA13 | EQA12 : EQAI1l : EQA10 | EQA9 ! EQA8
18H [EQ Co-efficiert 2 EQB7 | EQB6 . EQB5 : EQB4 | EQB3 . EQB2 : EQB1 | EQBO
19H |EQ Co-efficiert 3 0 ' 0 ' EOB13 ! EQB12 '@ EQBI1l . EQB10 | EQB9 ' EOBS
1AH |EQ Co-efficient 4 EQC7 | EQC6 ! EQC5 | EQC4 ! EQC3: EQC2 | EQC1 ! EQCO
1BH |EQ Co-efficiert 5 EQC15 ! EQCl4 ! EQC13 | EQC12 ! EQCI1 ! EQCIO ! EQC9 ! EQCS
1CH |FIL1 Co-€fficient O FIA7 | FIA6 | F1A5 | F1A4 | F1A3 | FIA2 | FIAl | FI1A0
1DH |FIL1 Co-efficient 1 FIAS : 0 | F1A13 | F1A12 ! F1A1l | F1A10 | F1A9 ! F1A8
1EH [FIL1 Co-efficient 2 FIB7 | F1B6 : FIB5 ' F1B4 ! FI1B3 ! FIB2 ' F1BL @ FI1BO
1FH [FIL1 Co-efficient 3 0 ' 0 ' F1B13 ! FIB12 ! FIB11 . FIB10 : F1B9 : FI1B8
Default O ' 0 ' 0 ¢ O ¢ 0 { 0 I 0 I 0
F3A13-0,F3B13-0: FIL3 (Stereo Separaion Emphass Flter) Goefficient (14bitx 2)
Default: “O000H”
F3AS: FIL3 (Stereo Seardion Enphasis Filter) Seéct
0: HPF (Default)
1: LPF
EQA15-0, EQB13-0, EQC15-C&Q (Gan Compensaion Fiter) Codficient(14bt x 2 + 16bitx 1)
Default: “O000H”
F1A13-0,F1B13-B0 FIL1 (Wind-noseRedudion Flter) Coefficient(14bitx 2)
Default: “O000H"
F1AS: FIL1 (Wind-naoiseReduction Filter) Sdect
0: HPF (Default)
1: LPF
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| SYSTEM DESIGN |

Figure45 and showshe system connecion diggramfor theAK4647.An evaliaionboad [AKD4647] is available which
denonstraésthe optmum layout, power suppharrangerents and measurenentresuls.
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Notes:
- AV SS DVSSand HVSS of theAK 4647 should be distbuted separdely from theground of exérnd
controllers.

- All digital input pins should not be e floating.

- When he AK4647is EXT mode(PMPLL bit =“0"), a resisbr andcapaitor of VCOC pin is notneeded.

- When the AK4647 s PLL mode (MPLL bit ="1"), a resisor and cgactor of VCOC pin isshown h Tabk 4.

- When theAK4647 is used amaster node LRCK and BCK pinsarefloaing beforeM/Sbit ischangedto “1”.
Therefore, 100K around pul-up resstor shoud be conneted b LRCK and BICK pins of he AK4647.

Figure45. Typical Connedion Diggram (MIC Inpuf)
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Notes:
- AVSS DVSSand HVSS of theAK 4647 should be distbuted separdely from theground of exérnd
controllers.

- All digital input pins should not be e floating.

- When he AK4647is EXT mode(PMPLL bit = *“0"), a resisor andcapaitor of VCOC pin is not needed.

- When the AK4647 s PLL mode (MPLL bit ="1"), a resisior and cgactor of VCOC pin isshown h Tabk 4.

- When the AK4647 isused amaster node LRCK and BCK pinsarefloaing beforeM/S bit ischanged to “1”.
Therefore, 100K around pul-up resstor shoud be conneted b LRCK and BICK pins of he AK4647.

Figure46. Typicd Connetion Diagran (Line Inpu)
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1. Grounding and Power Supp ly Decoupling

The AK4647 requires careful attention to powersuppy and grounding arangenents. AVDD, DVDD and HVDD are
usualy suppled from thesystem’s andog supply If AVDD, DVDD and HVDDare suppled searately, thepowea-up
sequene isnotcriticd. AVSS DV SSand HVSS of the AK4647 shoud be conneetd b the analog groundplane System
andog groundand digital ground shoud be conneced bgeter nea to wherethe supples arebrought onto theprinted
circuit boad. Demuping cgadtors shoull beas nar  the AK4647 & possble, with the small value ceranic capactor
being the neaest

2. Voltag e Reference

VCOM is asignd ground of his chip. A 2.2uF eledrolytic capadtor in parall el with a 0.1uF ceaamic capaitor attached
to the VOOM pin diminates the dfects ofhigh frequacy noise. No bad currentmay bedravn fromthe VCOM pin. All
signds, especally clocks, shoull bekept away from the VCOM pin in order b avoid unwaned coupinginto the
AK4647.

3. Analog Inputs

TheMic, Lineand MIN inputs aesingle-ended. Thenputsignalrange sales wth noninally a 0.06x AVDD Vpp(typ)
@MGAIN1-0 bits="01", 0.03x AVDD Vpp(typ) @MGAIN1-0 bits =“10", 0.015x AVDD Vpp(typ) @MGAIN1-0
bits =“11” or 0.6 x AVDD Vpp(typ) @ MGAIN1-0 bits=“00" for theMic/Lineinputand 0.6 x AVDD Vpp (typ) for the
MIN input centered aund heinternd common volkage 0.45 x AVDD). Usualy the inputsignd is AC coupled usinga
cgpactor. The cutoff frequencyis fc = (12rRC). The AK4647 @n accept inputvoltages fom AVSSto AVDD.

4. Analog Outpu ts
Theinput daaformat for the DAC is 2's complement. The ouputvoltageis apostivefull scakfor 7FFFH(@16bi) and

a ngyaive full scde for 8000H(@16H). Stereo Line Ouputis cenered d 0.45x AVDD. The Headphonrémp output is
centered atHVDD/2.
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| CONTROL SEQUENCE

B Clock Set up
When ADC or DAC is poweral-up, the clocksmust be suplped.

1.PLL Masta Mode

Example:

Power Suppl /
PRy ! Audio I/F Format: MSB justified (ADC & DAC)
! BICK frequency at Master Mode: 64fs

PDN pin ; @ Input Master Clock Select at PLL Mode: 11.2896MHz
1 MCKO: Enable

2 @ Sampling Frequency: 44.1kHz

PMVCM bit 44_>‘
(Addr:00H, D6) ! .
MCKO bit —\Al (1) Power Supply & PDN pin = “L" > “H"
(Addr:01H, D1) \L

it 00 (2)Addr:01H, Data:08H
; ) Addr:04H, Data:4AH
MCKI pin /V / Input Addr:05H, Data:27H

M/S bit y i \b
(Addr:01H, D3) ! | ‘ (3)Addr:00H, Data:40H ‘

| . 40msec(max) .
‘ ! 1(6) \L
e ‘;‘I’r‘] P | Ouput ‘ (4)Addr:01H, Data:0BH ‘
| —20omsec(may '3
: 1 msec(max] 1(8) \b
MCKO pin [ : @ | output ‘ MCKO, BICK and LRCK output ‘
Figure47. Qock Set Up Seqquene (1)
<Example>

(1) After Power Up, PDN pin="“L" - “H”
“L” time of 150ns o moreis nealed to resethe AK4647.

(2) DIF1-0, ALL3-0, FS3-0, BCKO and M/S bits shoull besetduringthis period.

(3) Power UpVCOM: PMVCM bit = “0" - “1”
VCOM shoud first be powerd-up kefore the oher blok opeates.

(4) In caseof ushg MCKO output: MCKO bit = “1”
In caseof notusing MCKO output MCKO bit =“0"

(5) PLL lock timeis40ms(mex) aftee PMPLL bit changes fran “0” to “1” and MCKI i s suppied froman eternal
source.

(6) The AK4643 statstooutputthe LRCK and BCK clocksafter thePLL becones stable. Then nornal operdion
starts.

(7) The nvalid freqguencyis output fromMCKO pin during this perod if MCKO bit =“1".

(8) The nornal clock is outputfrom MCKO pin afte thePLL islocked if MCKO bit = “1".
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2.PLL SlaveMode (LRCK or BICK pin)

Example:

Power Supply / Audio I/F Format : MSB justified (ADC & DAC)
i PLL Reference clock: BICK
i BICK frequency: 64fs

1
PDN pin ﬁ Sampling Frequency: 44.1kHz
PMVCM bit 4‘—‘_>‘ (1) Power Supply & PDN pin = “L” > “H”
(Addr:00H, D6) ‘ ' \A \b

PMPLL bit 3 T i .
(adarort, o) | | 3 (2) Addr:04H, Data:32H

Addr:05H, Data:27H

LRCK pin i A Input \b

BICK pin

! | @ ‘ | (3) Adar:00H, DatardoH |
| - p
Internal Clock \b
© | (4)AddrO1H, Data:01H |
Figure48. Gock Set Up Sqquene (2)
<Example>

(1) After Powe Up: PDN pin“L” > “H”

“L” time of 150ns @ more is nealed to resethe AK4647.
(2)DIF1-0,FS3-0 and RA-L3-0 bits shoutl besetduringthis period.
(3)Power Up VCOM: PMVCM bit = “0” > “1”

VCOM shoutl first be poweral up before he otherblock opeates.

(4)PLL starts after the PMPLL bit changes from“0” to “1” and PLL referaceclock (LRCK or BICK pin) is
suppled. PLL lock timeis 160ms(mex) when LRCK isaPLL referenceclodk. And PLL lock time is 2ms(mex)
when BCK isa PLL refeence clock.

(5)Normal operation statsafter thatthe PLL is lacked
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3.PLL SlaveMode (MCKI pin)

[AK4647]

Example:

Audio I/F Format: MSB justified (ADC & DAC)

Input Master Clock Select at PLL Mode: 11.2896MHz
MCKO: Enable

Sampling Frequency: 44.1kHz

Power Supply /

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

! ()
PDN pin ﬂ

v

MS0566-E-00

NG EC)]
PMVCM bit w (2)Addr:04H, Data:4AH
(Addr:00H, D6) ‘ " Addr:05H, Data:27H
MCKO bit | \
(Addr:01H, D1) J
; | (3)Addr:00H, Data:40H
PMPLL bit
(Addr:01H, DO) : \L
! (5)
MCKI pin /V / Input ‘ (4)Addr:01H, Data:03H ‘
: i .AOmsec(max) . i \b
. \ ! © ‘ MCKO output start ‘
MCKO pin | ) l Output \L
8) .
BICK pin ot ‘ BICK and LRCK input start ‘
LRCK pin
Figure49. Gock Set Up Sgquene (3)
<Example>

(1) After Powe Up: PDN pin “L” - “H”
“L” time of 150ns o more is nealed to resethe AK4647.
(2) DIF1-0,PLL3-0andFS3-0 bis shoutl besetduringthis peiod.
(3) Power Up VCOM: PMVCM bit = “0” - “1”
VCOM shoutl first be powerg up before thether bbck opeates.
(4) Endle MCKO output MCKO bit =“1"
(5) PLL startsafter that the AMPLL bit changesfrom “0” to “1” and PLL referena clock (MCKI pin) is suppled.
PLL lock timeis 40ms(may.
(6) Thenormd clock is output from MCKO after PLL is locked.
(7) Theinvalid frequeng is ouput from MCKO during this period.
(8) BICK and LRCK clocks should be sychronized wth MCKO clock.
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4. EXT SlaveMode

[AK4647]

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"

e
PDN pin P

@ ©

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

PMVCM bit «—p
(Addr:00H, D6) !

MCKI pin

“)

Addr:05H, Data:00H

v

LRCK pin
BICK pin

)

Input | (3)Addr:00H, Data:4oH |

v

Input

<Example>

‘ MCKI, BICK and LRCK input ‘

Figure50. Gock Set Up Sequene (4)

(1) After Powe Up: PDN pin “L” > “H”
“L” time of 150ns © more is nealed to resethe AK4647.
(2) DIF1-0 and~S1-0 bits shoutl besetduring this period.
(3) Power Up VCOM: PMVCM bit = “0” > “1”
VCOM shoutl first be powerd up before thether bbck opeates.
(4) Normal operatton stats after theMCKI, LRCK and BICK aresuppled.
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B MIC Input Recording (Stereo)

FS3-0 bits

Example:
PLL Master Mode

Audio I/F Format:MSB justified (ADC & DAC)

Sampling Frequency:44.1kHz
Pre MIC AMP:+20dB
MIC Power On

1
ALC setting:Refer to Table 29
(Addr:05H, D5&D2-0)0'OOO ! 1111 ALC bit="1"
N | (1) Addr0sH, Data:27H
1
MIC Control i v
(Addr-02H, D2-0) 001>(§ E 101 ‘ (2) Addr:02H, Data:05H
| v
ALC Control 1 00H ! 3CH | (3)Addr.06H, Data:3CH
(Addr:06H) A : 7
1
ALC Control 2 E1H i E1H ‘ (4) Addr:08H, Data:E1H
(Addr:08H) @ H \b
1
i | (5) Addr.0BH, Data:00H
‘Addr:0BH |
(Addr0BF) ®) : | (6) Addr07H, Data:21H
1
AL&%S;E:?M o7H E 21H >< 01H (7) Addr:00H, Data:41H
' 6 | 9 Addr:10H, Data:01H
® (C)]
ALC State ALC Disable ALC Enable | ALC Disable - ¢d_
y ! ecti ing
PMADL/R bits
(Addr:00H&10H, DO) | 1059/1s | | (8) Addr:00H, Data:40H
i '® Addr:10H, Data:00H
ADC Internal Power Down Initialize | Normal State | Power Down !
State | (9) Addr07H, Data:01H
Figure51. MIC InputRerding Sequene
<Example>

[AK4647]

Thissequene is an exanple of ALC seting atfs=44.1kHz.If the paranegter of the ALC is changed, péaseefe to

“Figure25. Regista's sé-up sequeceat ALC operdion”

At first, clocks should be supigd acordingto “Clock Sé Up” sequene.

(1) Set upasanplingfrequency (FS3-0bit). When the AK4647 is PLL mode, MIC aad ADC should bepoweral-up
in consderation of PLL lock time after a sarpling frequency is changd.

(2) Set up MIC input (Addr: 02H)

(3) Set up Timer Seled for ALC (Addr. 06H)

(4) Set upREFvdue for ALC (Addr: 08H)

(5) Set upLMTH 1 andRGAINL1 bits (Addr: OBH)

(6) Set up LMTHO, RGAINO, LMAT1-0 andALC bits (Addr: 07H)

(7) Power Up MIC and ADC:PMADL = PMADR bits="0" — “1”

Theinitializaion g/cle time of ADC is 1059/fs24nms@fs=44.1kHz.

After the ALC hit is st to “1” and MIC&ADC block is powered-upthe ALC opeation darts from IVOL
default value (+30dB).

Thetime of offsetvoltage going b “0” after the ADC initiaization cycle depeds on bdi the time of anabg
inputpin going o the common volkage andthe time consent of the offsetcancel digital HPF. This time can be
shorer by using the following sequece:

At first, PMVCM and MMP bits shoudl se to “1”. Then, the ADC should bepowered-up. The vilatime to
powe-up the ADC shoutl be longe than 4 times of the time consént that is deermined by the AC coupling
cgpadtor at analog inputpin and the internal inputresistane 60k(typ).

(8) Power Down MIC and ADC PMADL = PMADR bits="1" — “0”

Whentheregisters for the ALC operaiton are notchangé, ALC bit may bekeeping “1”. The ALC operéion is
disabkd beauseheMIC&ADC block is powerag-down. If the regstasfor theALC operationarealsochanged
when e sanpling frequencyis changed, ishoul bedoneafter the AK4647 goesto themanualmode(ALC bit
=*“0") or MIC&ADC block is powaed-davn (FMADL=PMADR bits = “0"). IVOL gain is not resetwhen
PMADL=PMADR bits=“0", and the IV OL operaton strts from the seting value when MADL or PMADR
bit is changed to “1”".

(9)ALC Disable: ALC bit =“1" — “0”
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B Headphon e-amp Outp ut

. Example:
FS3-0 bits 0,000 1,111 o e Fomeshrss justified (ADC & DAC)
(Addr:05H, D5&D2-0) ) garntp‘llcglFreqyeg;é: 44.1kHz
DACH bit Bass Boost level : Middie
i
(Addr:0FH, DO) Q @ Iﬂ [ (1) Addr:05H, Data:27H |
BST1-0 bits 00 10 >< 00 [ (2) AddrOFH, Data:09H |
Addr:0EH, D3-2 2
( : ® 12 [ (3) Addr-0EH, Data:19H \
IVL/R7-0 bits
(Addr:09H&OCH, D7-0) ElH A 91H [ (4) Addr:09H&OCH, Data:91H |
DVL/R7-0 bits o >< v [ (5)Addr.0AH&ODH, Data:28H |
(AdIrOAHAODH, BT-0) (5) [ (6)Addr:00H, Data:64H |
PMDAC bit
(Addr00H, D2) | | [ (1) AddrO1H, Data:39H |
6) (11)
) [ (8 Addr:01H, Data:79H |
PMBP bit |
(Addr:00H, D5) ‘ Playback ‘
PMHPL/R bits | @ (10) [@ Addr:OlH,\VData:39H |
(Addr:01H, D5-4)
| (10) Addr01H, Data:09H |
HPMTN bit ®) 9)
(Addr:01H, D6) [ (11) Addr:00H, Data:40H |
\
. ddr: s :
HPL/R pins Normal Output @24 rOET DataitH |
| (13)AddrOFH, Data:0sH |
Figure 52. Hedphone-Anp Output Sequence
<Example>

At first, clocks should be supid acordingto “Clock Sé Up” sequene.
(1) Set upasampling frequeng (FS3-0 bits). When the AK4647 is PLL node DAC and Headphone-4Anp shoutl
be powered-upn consteraton of PLL lod time afte a sanpling frequeny is changed.

(2) Set up thepah of “DAC — HP-Amp”: DACH bit =“0" — “1”

(3) Set up thelow frequencyboostlevel (BST1-0 bits)

(4) Set uptheinputdigital volume (Addr: 09H and 0CH)

When PMADL = PMADR bits=“0", IVL7-0 and IVR7-0 bits shoul besetto “91H"(0dB).

(5) Set upthe output digital volume (Addr: 0OAH and ODH)
WhenDVOLC bit is“1” (defaul), DVL7-0 bits setthe volume of both channes. After DAC is poweaed-up,
the digital volume changs fromdefault value (0dB) to the register seting value bythe soft tanstion.

(6) Power upDAC and MN-Amp: PMDAC = PMMIN bits=“0" — “1”
TheDAC engersan hitializaion cycle that stats when he PMDAC bit ischanged from*0” to “1” at PMADL
and PMADR bits ae “0". The initidizaton cycle tme is 1059/fs24ns@s=44.1kHz. Dumg the
initialization g/cle, he DAC inputdigital deta of both channs areinternaly forced to &'s compliment, “0”.
The DAC outputreflect te digital input dah after the initialization cycle is conplete When PMADL or
PMADR bit is “1”, the DAC does not requoe an hitializaion cycle. When ALC bit is“1”, ALC is disabk
(ALC gain is setby IVL/R7-0 bits) during an intializaion cycle (1059s=24ns@fs=4.1kH32. After the
initialization cycle, AL C operaéion starts fromthe gan sd by IVL/R7-0 bis.

(7) Power up headphone-am PMHPL = PMHPR bits = “0” — “1”
Output voltage of headphonanp is sill HVSS.

(8) Riseup thecommon voltage ofheadphone-am HPMTN bit = “0” — “1”
Therise tme depends on HVDD iad thecgpactor value conneted with the MUTET pin. WhenHVDD=3.3V
ard the cgpadtor value is 10uF, the time castant is tr = 100ns(typ), 250ms(mex).

(9) Fall down thecommon voltage ofheadphone-am HPMTN bit = “1” — “0”
Thefall time depends on HVDD andeltapacitor value connected witle MUTET pinWhen HVDD=33V
andthe cgpacior value is 1.QuF, the time consantist = 100ms(typ), 250ms(mex).
If the power suppt is poweaed-off or headphone-Am is powered-dow beforethe common votagegoes ¢
GND, thepopnoiseocaurs. It takes wice of tf tha the mmon votage goesto GND.

(10) Powe down heaphone-anp: PMHPL = PVHPR bits=“1" — “0”

(11) Powe down DAC and MIN-Amp: PMDAC = PMMIN bits =“1" — “0”

(12) Off the bassboost:BST1-0 bits = “00"

(13) Disable the path of “DAC — HP-Amp”: DACH bit = “1" — “0”
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B Stereo Line Output

Example:
PLL, Master Mode
Audio I/F Format :MSB justified (ADC & DAC)
Sampling Frequency: 44.1kHz

FS3-0 bits ) Digital Volume: ~8dB
(Addr:05H, D5&D2-0) 0,000 >:< i 1111 LOVL=MINL bits = “0"
(1)2‘ > a0 [ (1) AddrosH, Data27H |

DACL bit ' ! V.
(Addr:02H, D4) | [ (2 Addro2H, Data:l0H |
V7

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

IVL/R7-0 bits E1H 91H
(Addr:09H&OCH, D7-0)
©) | (4) Addr:0AH&ODH, Data:28H |
DVL/R7-0 bits i
(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 (5)i i ® i@ [(7)Addro3H, Data:00H |
i ] i
(Addr:00H, D2) . i : \ Playback \
PMBP bit | | | ;
(Addr00H, D5) | ! | (8)Addr:03H, Data:40H |
1© : o :
PMLO bit I i ! ‘ (9) Addr:00H, Data:40H ‘
(Addr:00H, D3) ] >300 ms : 1
) : : ; g | (10) Addr:02H, Data:00H |
LOUT pin ! I 2300 ms 1
ROUT pin L | Normal Output : [ (11) Addr:03H, Data:00H |
Figure 53. StreoLineoutSeguence
<Example>

At first, clocks should be supied acordingto “Clock Se¢ Up” sequene.
(1) Setup the sanpling frequacy (FS3-0 bits). When the AK4647 is PLL node DAC and Stereo Line-Amp
shoutl be poweed-up in consideaton of PLL lock time after the sampling frequecy is changed.
(2) Setupthe pah of “DAC - Stereo LineAmp”: DACL bit =“0" > “1”
(3) Setup theinputdigital volume (Addr: 09HandOCH)
When PMADL = PMADR bits=“0", IVL7-0 and IVR7-0 bits shout besetto “91H"(0dB).
(4) Setup the outputdigital volume (Addr: 0OAH andODH)
WhenDVOLC bit is“1” (defaul), DVL7-0 bits setthe volume of both channes. After DAC is powaed-up,
the digital volume change fromdefault value (0OdB)to the register seting value bythe soft tanstion.
(5) Ente power-sare nodeof Stereo LineAmp: LOPS bit = “0” &> “1”
(6) Powe-up DAC, MIN-Amp and Stereo Line-Amp: PMDAC = PMMIN = PMLO bits = “0" — “1”
TheDAC engersan hitializaion cycle that stats when he PMDAC bit ischanged from*0” to “1” at PMADL
and PMADR bits ae “0”. The initidlizaton cycle tme is 1059/fs=24mm@fs=44.1kHz. Dumg the
initialization g/cle, he DAC inputdigital deta of both channs areinternaly forced to &'s compliment, “0”.
The DAC outputreflect te digital input dah after the initialization cycle is conplete When PMADL or
PMADR bit is “1”, the DAC does not requoé an hitiaizaion cycle. When ALC bit is“1”, ALC is disabk
(ALC gain is setby IVL/R7-0 bits) during an intializaion cycle (1059s=24ns@fs=4.1kH3J. After the
initialization cycle, ALC operéion starts fromthe gan sd by IVL/R 7-0 bits.
LOUT andROUT pins riseupto VCOM voltage dter PMLO bit is changedo “1”. Risetime is 300ns(mex)
at C=1uF andAVDD=3.3V.
(7) Exit power-save nodeof Stereo LineAmp: LOPS bit=*“1" - “0”
LOPSbit shoutl be seto “0” after LOUT and ROUT pinsriseup. Stereo Lhe-Amp goes tonormal operdion
by setting LOPS bit to “0”.
(8) Ente power-sare nodeof Stereo LineAmp: LOPS bit: “0” - “1”
(9) Powe-down DAC MIN-Amp and Stereo Line-Amp: PMDAC = PMMIN = PMLO bits = “1" — “0”
LOUT and ROUT pinsfall downto AVSS. Fdl time is 300ns(mex) at C=1uF and AVDD=3.3V.
(10)Disable the pah of “DAC > Staeo Line-Amp”: DACL bit =“1" - “0”
(11)Exit power-save nodeof Stereo LineAmp: LOPS bit=“1" - “0”
LOPS bit should be g0 “0” after LOUT and ROU pinsfall down.
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B Stop of Clock
Master clock canbe stoppe when ADC and DACarenotused.

1. PLL Maste Mode

Example:

1) Audio I/F Format: MSB justified (ADC & DAC)
PMPLL bit | BICK frequency at Master Mode: 64fs

(Addr:01H, DO)

MCKO bit 1" or 0"
(Addr:01H, D1)

| (1) (2) Addr01H, Data:08H |

= I

’ (3) Stop an external MCKI ‘
Figure54.Clock Stopping Squene (1)

External MCKI Input

<Example>
(1) Power down PLL:PMPLL bit = “1” — “0”
(2) Stop MCKO clock: MCKO bit = “1" — “0”
(3) Stop an extrnd maste clock.

2.PLL SlaveMode (LRCK or BICK pin)

Example
1) Audio I/F Format : MSB justified (ADC & DAC)
PMPLL bit | PLL Reference clock: BICK
(Addr:01H, DO) BICK frequency: 64fs

@

External BICK nput | (1) Addro1H, Data:00H |
i @ \L
External LRCK Input !
* ’ (2) Stop the external clocks ‘
Figure55.Clock Stopping Squene (2)
<Example>

(1) Power down PLL:PMPLL bit=“1" — “0”
(2) Stop the external BICK and LR clocks
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3.PLL Slave(MCKI pin)

1)
PMPLL bit |
(Addr:01H, DO)

MCKO bit
(Addr:01H, D1)

)
External MCKI Input i

<Example>

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

| (1) Addro1H, Data:00H |

v

‘ (2) Stop the external clocks ‘

Figure56.Clock Stopping Squene (3)

(1) Powe down PLL: PMPLL bit="1" — “0”
Stop MCKO output MCKO bit =“1" — “0”
(2) Stop te external master clock.

4, EXT SlaveMode

External MCKI Input !
W
External BICK Input !
| (1)
External LRCK Input |
<Example>

Example
Audio I/F Format :MSB justified(ADC & DAC)
Input MCKI frequency:1024fs

‘ (1) Stop the external clocks

Figure57.Clock Stopping Squene (4)

(1) Stopthe exernal MCKI, BICK and LR clocks.

B Power dow n

[AK4647]

Power suppy currentcan beshutdown(typ. 10uA) by stopping clocks and setng PMVCM bit = “0” after al blocks
exaept for VCOM are powered-dow. Power suppy currentcanbealso shutdown(typ. 10uA) by stopping clocksand

seting PDN pin =“L”. When PDN phn ="“L", t he registersareinitialized.

MS0566-E-00

Downloaded from Elcodis.com electronic components distributor

-70-

2006/11


http://elcodis.com/parts/6159598/ak4647vq.html

ASAHI KASEI [AK4647]

| PACKAGE

48pin LQFP(Unit:mm)

1.70Max

9.0£0.2
70 0.13+0.13

nnnnnnnonm

IHHHRA

5 0.22 £ 0.08

0.16 £ 0.07

 lnnonnoanad
=0
"~ M ITTTnnnng
/ \
| T

o

10.10

0° ~10°

05+0.2

W Material & L ead fini sh
Padagemoldingcompound:  Epoxy

Leal frame materidl: Cu
Leadframe surfacetreament:  Solder (Pbfree) plate
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| MARKING

LT
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XXXXXXX
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O
L JUUTITOUDUUL

XX XXX : Date codeidenifier (5digits)

| Revision History

Date (YY/MM/DD) | Revision | Reaon Page Contents
06/1140 00 First Edition

MPORTANT NOTICE

e These products and their specifications are subject to change without notice. Before considering
any use or application, consult the Asahi Kasei Microsystems Co., Ltd. (AKM) sales office or
authorized distributor concerning their current status.

¢ AKM assumes no liability for infringement of any patent, intellectual property, or other right in the
application or use of any information contained herein.

e Any export of these products, or devices or systems containing them, may require an export license
or other official approval under the law and regulations of the country of export pertaining to customs
and tariffs, currency exchange, or strategic materials.

e AKM products are neither intended nor authorized for use as critical components in any safety, life
support, or other hazard related device or system, and AKM assumes no responsibility relating to any
such use, except with the express written consent of the Representative Director of AKM. As used
here:

a. A hazard related device or system is one designed or intended for life support or maintenance of
safety or for applications in medicine, aerospace, nuclear energy, or other fields, in which its
failure to function or perform may reasonably be expected to result in loss of life or in significant
injury or damage to person or property.

b. A critical component is one whose failure to function or perform may reasonably be expected to
result, whether directly or indirectly, in the loss of the safety or effectiveness of the device or
system containing it, and which must therefore meet very high standards of performance and
reliability.

e It is the responsibility of the buyer or distributor of an AKM product who distributes, disposes of, or
otherwise places the product with a third party to notify that party in advance of the above content
and conditions, and the buyer or distributor agrees to assume any and all responsibility and liability
for and hold AKM harmless from any and all claims arising from the use of said product in the
absence of such notification.
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