ASAHI KASEI [AK4537]

AKM AK4537
16-Bit AX Stereo CODEC with MIC/HP/SPK-AMP

| GENERAL DESCRIPTION |
The AK4537 targeted at PDA and other low-power, small size applications. It features a 16-bit stereo
CODEC with a built-in Microphone-Amplifier, Headphone-Amplifier and Speaker-Amplifier. Input circuits
include a Microphone-Amplifier and an ALC (Auto Level Control) circuit. The AK4537 is available in a
52-QFN, utilizing less board space than competitive offerings.

| FEATURES
1. Resolutio n : 16bits
2. Recording Function
e Stereo Mic Input
e Stereo Line Input
e 1 MIC Amplifier : +20dB or 0dB
e 2" Amplifier with ALC
+27.5dB ~ -8dB, 0.5dB Step (MIC input)
+12dB ~ -23.5dB, 0.5dB Step (LINE input)
e ADC Performance : S/(N+D) : 79dB, DR, S/N : 83dB (MIC inp ut)
S/(N+D) : 88dB, DR, S/N : 91dB (LINE input)

3. Playback Function
¢ Digital De-emphasis Filter (tc =50/15us, fs=32kHz, 44.1kHz, 48kHz)
e Digit al Volu me (0dB ~-127dB, 0.5dB Step, Mute)
e Stereo Headphone-Amp
- S/(N+D) : 70dB, S/N : 90dB
- Output Pow er : 1I5mW@16Q (HVDD=3.3V)
- Click Nois e Free at Power ON/OFF
e Mono Speaker-Amp with AL C
- S/(N+D) : 64dB@150mW, S/N : 90dB
- BTL Output
- Output Pow er : 400mW@8Q (BEEP Input, HYDD=3.3V)
300mwW@8Q (MIN Input, ALC2=0OFF, HVYDD=3.3V)
e Mono and Stereo Beep Inputs
e Mono Line Output
- Different ial Output
- Performance : S/(N+D) : 89dB, S/N : 95dB
e Stereo Line Output
- Performance : S/(N+D) : 88dB, S/N : 92dB
4. Power Management
5. Master Clock
(1) PLL Mode
e Frequencies : 11.2896MHz, 12MHz and 12.288MHz
e Input Level : CMOS
(2) External Clock Mode
e Frequencies : 2. 048MHz ~ 12.288MHz
6. Outp ut Master Clock Frequencies : 32fs/64fs/12 8fs/256 fs
7. Sampling R ate :
(1) PLL mode
e 8kHz, 11.025kHz, 16kHz, 22.05kHz, 24kHz, 32kHz, 44.1kHz, 48kHz
(2) External Clock mode
e 8kHz ~ 48kHz
8. Control mode:  4-wire Serial / 1 °C Bus
9. Master/Sla ve mode
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10. Audio Interface Format: MSB First, 2's compliment
e ADC : I?S, 16bit MSB justifie d
« DAC : I?S, 16bit MSB justifie d, 16bit L SB justif ied
11. Ta=-10~70°C
12. Power Supply : 2.4V ~ 3.6V (typ. 3.3V)
13. Power Supply Current

e AVDD+DVDD : 19mA

e PVDD : 1.2mA

e HVDD (HP-AMP=0ON, SPK-AMP=0OFF) : 4mA

e HVDD (HP-AMP=0OFF, SPK-AMP=0N) : 7mA

12. Package : 52pin QFN (AK4534 pin com patibl e)

W Blo ck Diag ram

ﬁ M/S  AVSS AVDD
MICOUTL LIN2
,,,,,,,,,,,,,,,
Supply
<+—()— CADO
:
Supply
,,,,,,,,,,, )
:
MIC-AMP %
0dB or 20dB. 3
ADC | HPF —»
{{mmict ]
3 Audio
Le] Lar] Interface
’JV
b
lemmix TR | | PMDAC |-~~~
(e DATT e uP
Y DAC | smUTE[* ]
MIX—‘q 2
"""""""""""""""""""""" CSN/CAD1
oo
Control eetser L
> Regiser
Tomo o0
]] WG HP-AMP MIX: [ & ewpc]t - i'-PMXTL
HPR E | |
PLL
,,,,,,,,,,,,,, XTIMCKI
PVDD
PVSS
MCKO
~|-{ewges] - i

MS0202-E-04

v

Downloaded from Elcodis.com electronic components distributor

T

Figure 1. Bock Diagram

2005/04


http://elcodis.com/parts/5810381/AK4537VN.html

ASAHI KASEI

B Ordering Gui de
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B Comparison with AK4534

[AK4537]

1. Functio n
Functon AK4534 AK4537
Line Input No Yes (Stereo)
Mic Input Mono Stereo
IPGA Mono Stereo
Stereo Line Output No Yes
SFK-Amp Gan Sdect No Yes
MOUT Gan Sdect No Yes
Pah from IPGA Lch to Anabg | No Yes
Output
2. Pin
pin# AK4534 AK4537
1 MICOUT MICOUTL
2 TST1 MICOUTR
3 EXT EXT/MICR
6 INT INT/MICL
42 TST2 ROUT
43 TST3 LOUT
46 TST4 RIN2
47 TST5 LIN2
51 AIN LIN1
52 NC RIN1
3. Regist er
Addr Conents
O0H PMIPGL (IPGA Lch Power Gontrol) is added.
PMLO (StereoLine Qutput Power Control) is added.
01H SHKG (SPK-Amp Output Powe Sekct) is added.
02H MOGN (MOUT Gain Seleq) is added.
MICM (IPGA Lch— MOUT) is addd
03H P3O (StereoLine Output Power Save Mode Seled) is added.
MICL (IPGA Lch —» LOUT/ROUT, HP-Amp, SEK-Amp) is added.
05H HPLM, HPRM (HP-Amp Mono Qutput Seled) is ddeted.
HPM (HP-Amp Mono Qutput Seled) is added.
07H IPGAC (IPGA Control) is added.
OEH ATTM (IPGA Lch —» MOUT ATT Sdect) is added.
ATTS2-0 (IPGA Lch —» LOUT/ROUT, HP-Amp, SPK-Amp ATT Seled) is added.
OFH IPGARG6-0 (Rch IPGA Conrol) is added.
10H PMADR (ADC Rch Powe Control) isadded.
PMMICR (MIC-amp Rch Power Contol) is addel.
PMIPGR (IPGA Rch Powe Control) is added.
INL (IPGA Lch InputSelec) isadde.
INR (IPGA Rch Input Seled) is added.
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| PIN/FUNCTION |
No. | Hn Name /0 Funcion
1 | MICOUTL O | MIC-Amp Lch OutputPin
2 | MICOUTR O | MIC-Amp Rch OuputPin
3 EXT ] | __| External Microphondnput Ph (Monolnput) (PMMICRbit ="0") |
MICR | Stereo McrophoneRch Input Pin (PMMICR bit =*1")
4 | MPE O | MIC Powe Suppy Pin for Exernd Microphone / Sireo Mcrophone Rch
5 | MPI O | MIC Powe Suppy Pin for Internal Microphone Stereo Microphone Lch
6 EXT ] | __| Internd Microphone Inpufin (Monolnput) (PMMICL bit =*0") |
MICR | Stereo McrophoneLch InputPin (PMMICL hit =*1")
Cormmon Voltage Output Pin, 0.45 xAVDD
7| VCOM 0 Biasvoltage of ADCinputs and DAC oufputs.
8 | AVSS - | Analog Ground i
9 | AvDD - | Analog Power Supdy Pin
10 | PVDD - | PLL Powe Supply Pin
11 | P/SS - | PLL GroundPin
12 | vcoc o OutputF_’in for LoopFilter of PLL Circuit _ _ _ _
This pin should be connéedto PVSS with one resitorand cgactor in seres.
No Connect
13N " | Thispin should be I floating.
14 | CADO I Chip Address (5dect Pin
15 | N | Powe-Down Mode Pn o .
“H”: Power up, “L": Powe down resetand nitializes thecontrol regster.
6l CN | | _[ChipsdeaPin(ec="L ]
CAD1 | | Chip Addressl SéectPin (12C = “H")
17 | CoK |__| Conrol DataClockPin (2C="L") |
SCL | Contol Data Clock Pin (12C="H")
eleom | | | Conrol DaamnputPin(2c="L) ]
SDA I/0 | Conftol Data InputPin (12C =“H")
19 | CDTO O | Contol Daa Output Pin (12C="L")
Control ModeSdect Pin
20 | 12C | “H”: 1°C Bus, “L"; 4-wire Said
21 | SDTI I | Audio Seial Data InputPin
22 | SDTO O | Audio Seial Data Output Pin
23 | LRCK 1/0O | Input/ Output ChannelClock Pin
24 | BICK I/0 [ Audio Seial Data Clock Pin
25 | MCKO O | Maste Clock OutputPin
No Connect
26 | NC ) This pin should be I& floating.
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No. | Hn Name /10 Funcion
No Connect

27 | Ne " | Thispin should be I floating.
28 | DvDD - Digital Power Supply Pin
29 | DVSS - | Digital Ground Rn
30 | XTO O | X'ta OutputPin
o | XTL ] | |XtaputPin ]

MCKI I External Maste Clock Input P

Maste / SlaveModePin
32 | MS | “H” : Master Mode,“L” : Slave Mode
33 | SPP O | Spesier Amp Positive Qutput Pin
34 | SAN O | Spe&er Amp Negaive Output Pin
35 | HVDD - | HeadphoneAmp Power Supply Pin
36 | HVSS - | HeadphoneAmp Ground Rn
37 | HPR O | Rch Headphone Arp Ouput Ph
38 | HPL O | Lch Headphonédmp Ouput Pin
Mute Time Constnt Contol Pin

39 | MUTET o Conneted to HVSSpin with a apadtor for mute time constant.
40 | MIN | | ALC InputPin
41 | MOUT2 O | AnabgMixing Ouput Pn
42 | ROUT O | Rch SereoLine Ouput RBin
43 | LOUT O | Lch Sereo LineOutput Pin
44 | MOUT- O | MonoLine Negaive Qutput Pin
45 | MOUT+ O | Mono Line Positive Ouput Pin
46 | RIN2 I Rch Andog Input 2 Pin (LINE Input)
47 | LIN2 [ Lch Analog Input2 Fin (LINE Inpu)
48 | BEERM | Mono Beep Sgnallnput Pin
49 | BEERR | Rch Stereo Beep Sgnallnput Pin
50 | BEERL [ Lch Seren Beep Signd Input Pin
51 | LIN1 [ Rch Andog Input 1 Pin (MIC Input)
52 | RIN1 | Lch Analog Inputl Fin (MIC Inpud

Note: All inputpins excetanabg inputpins (INT, EXT,LIN1, RIN1, MIN, BEEPM BEER., BEERR, LIN2 and RIN2)

shoul notbe kft floaing.
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| ABS OLUTE MAXIMUM RATINGS |

(AVSS, DVSS PVSS HVSS=0V; Note 1)

Parameter Symbol min max Units

Power Suppies: | Analog AVDD -0.3 4.6 Y
Digital DVDD -0.3 4.6 \%
PLL PVDD -0.3 4.6 \%
HeadphoneAmp / Spe&ker-Amp HvDD -0.3 4.6 Vv
|AVSS—-PVSS| (Note 2) AGND1 - 0.3 Vv
|AVSS—-DVSS| (Note 2) AGND2 - 0.3 \%
|AVSS-HVSS| (Note 2) AGND3 - 0.3 V

Input Current, Any Pin Except Suppies IIN - +10 mA

Analog InputVoltage VINA -0.3 AVDD+0.3 V

Digital Input Voltage VIND -0.3 DVDD+0.3 V

Ambient Tenperaure (poweed appled) Ta -10 70 °C

Storage Tenperdure Tsiy —65 150 °C

Note 1. All voltages with respectto ground.

Note 2. AVSS DVSS, PV SSand HVSS nust be conneced b the same analog ground péne.

WARNING: Opeation ator beyond tieselimits may resultin permanant damegeto the device.

Normal opeation is notguaranteed d theseextremes.
| RECOMMENDED OPERATING CONDITIONS

(AVSS DVSS PVSS, HVSS=0V; Note 1)

Par ameter Symbol min typ max Units

Power Supples | Analog AVDD 2.4 3.3 3.6 \

(Note 3) | Digita DVDD 24 3.3 AVDD \%

PLL PVDD 24 3.3 AVDD \%
HP/ SFK-Amp HVDD 2.4 3.3 AVDD \%

Note 1. All voltages with respectto ground.

Note 3. Thepowe up sequace betveen AVDD, DVDD, HVDD andPVDD is notcriticd.

It isrecmmmendel tha DVDD and PVDD are te sane voltageas AVDD in orde to reduce thecurrentatpowe
down mode.

* AKM assunes no responsibility fothe usge beyondhe conditions in thislatasheet.
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ANALOG CHARACTERISTICS

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

Parameter | min typ max | Units
MIC Amplifier:
Input Resistance 20 30 40 kQ
Gain (MGAIN bit = “0") - 0 - dB
((MGAINbit=1") | - | 20 |- | dB
MIC Power Supply:
Output Voltage (Note 4) 2.22 2.47 2.72 vV
Output Current - - 1.25 mA
Input PGA Characteristics:
Input Resistance (LINL RIN1pins) | S 10 | 5 .. kQ
(Note 5) (LIN2, RIN2 pins) 30 60 90 kQ
Step Size 0.1 0.5 0.9 dB
Gan Contol Range [ (LINL,RIN1pins) |~ -8 [ S 215 | dB__
(LIN2, RIN2 pins) -23.5 - +12 dB
ADC Analog I nput Characteristics:. ALC1=0OFF
Resoluion 16 Bits
Note 7 0.168 0.198 0.228 )Y
nputVoltage ~ (Note 6) e T 1es | ie8 T 228 | Vpp
(Note 7) 71 79 - dBFS
SAN+D) (-1dBFS [ (Note8) | - | gg | T I dBFS
. Note 7 75 83 - dB
D-Range (-60dBFS, A-weighted) "E'N'dféé’))"""""l “““““““““ o1 T R aB
. Note 7 75 83 - dB
SN (A-weighted) "%N_dt_e_ 8)) “““““““““ o1 T R aB
i (Note 7) 75 90 - dB
Interchannélsolation "('N'dt'e"8'j"""""'_""""' """"]:(')'0'""""""""'_ """"""" a‘B'““
InterchannéGain Mismetch Emgi 8 ----------------- 81 ----------------- 8 g ----------- 32
DAC Characteristics:
Resoluion | - - | 16 | Bits
Stereo Line Output Characteristics:. R, =10kQ), DAC —» LOUT, ROUT
Output Voltage  (Note 9) 1.74 1.94 2.14 Vpp
SI(N+D) (-3dBFS 78 88 - dBFS
SN (A-weighted) 85 92 - dB
Interchannélsolation - 100 - dB
InterchannéGain Misnetch - 0.1 0.5 dB
Load Resistance 10 - - kQ
Load Caacitance - - 30 pF

Note 4. Outputvoltageis propotionalto AVDD voltage.Vout =0.75x AVDD.
Note 5. When IPGAGain is changed, his typical value dhanges btween 8K2 and11kQ (LIN1, RIN1), 482 and66k)

(LIN2, RIN2).

Note 6. Inputvoltageis proportiond to AVDD voltage Vin =0.06 x AVDD)@Mic In, Vin =0.6 x AVDD(typ)@Line In.
Note 7. MIC Gan=20dB, IPGA=0dB, ALC1=0OFF, INT(MICL)/EXT(MICR) — IPGA — ADC
Note 8. IPGA=0dB, ALC1=0OFF, LIN2/RIN2 — IPGA — ADC
Note 9. Outputvoltageis propotionalto AVDD voltage.Vout = 0.588x AVDD.
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Par ameter | min | typ | max | Units
Mono Line Output Characteristics. R, =20k, DAC - MOUT+MOUT-
Output Votage (Note 10) [MOGN=L,-17dB [ - [ o3t [ - 1. Vpp_
MOGN=0, +6dB 3.56 3.96 4.36 Vpp
SIN+D) (3dBF§ [MOGN4L-17dB [ - [ 6 | ] dBFS _
MOGN=0, +6dB 79 89 - dBFS
SN (A-weighted) ~ [MOGN=L,-17dB | - [ I ] dB
MOGN=0, +6dB 85 95 - dB
Load Rsisane _MOGN=1,-17dB [ 2 | S . Q.
MOGN=0, +6dB 20 - - kQ
Load Caactance - - 30 pF
Headphone-Amp Characteristics:. R =22.8Q, DAC —» HPL/HPR DATT=0dB
Output Voltage (Note 11) 1.54 1.92 2.30 Vpp
S/AN+D) (-3dBFS) 60 70 - dBFS
SN (A-weighted) 80 90 - dB
Interchannélsolation 70 85 - dB
InterchannéGain Mismatch - 0.1 0.5 dB
Load Resistance 20 - - Q
Load Cpactance [ (ClinFgure2) [ - [ SR 30 | pF__
(C2in Fgure?2) - - 300 pF
Speaker-Amp Characteristicss. R =8Q, BTL, DAC - MOUT2 — MIN — SFP/SIN, ALC2=0OFF
Ouput Voltage | SAKG="0" (Po=150nW) | : 247 | 309 | .. 3.71 | _.Vpp__
(Note 12) | SFKG="“1" (Po=300mV) - 4.38 - \Vpp
| SFKG= 0" (Po=150mW) | ! 50 | .64 [ - ] dB
S/(N+D) SKG="1" (Po=300nW) - 20 - dB
(Po=250nW) - 60 - dB
SN (A-weighted) 82 90 - dB
Load Resistance 8 - - Q
Load Cgaciance - - 30 pF

Note 10. Outputvoltageis propotionalto AVDD voltage.Vout = 1.2x AVDD at Full-differential output.
Vout = 0.6 XAV DD at Single-end Output.

Note 11. Outputvoltageis propotionalto AVDD voltage.Vout = 0.582x AVDD.

Note 12. Outputvoltageis propotionalto AVDD voltage.

Vout = 0.936 YAVD D(typ) @ FPKG="0", 1.327 xAVDD(typ) @ FKG= “1" at Ful-differential output.

HP-Amp

HPL/HPR pin

Figure2. Headphone-am outputcircuit
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Parameter | min typ max Units
BEEP Input: BEEPL, BEEPR BEEPM pin
Maximum InputVoltage (Note 13) - - 1.98 Vpp
Feedba& Resistance 14 20 26 kQ
Mono Input: MIN pin
Maximum InputVoltage (Note 14) - - 1.98 Vpp
Input Resistance (Note 15) 12 24 36 kQ
Mono Output: R =10k}, DAC —» MIX —» MOUT2
Output Voltage (Note 16) - 1.94 - Vpp
Load Resistance 10 - - kQ
Load Caacitance (Note17) - - 30 pF
Power Supplies
Power Up (PDN =“H")
All Circuit Power-up:
AVDD+DVDD (Note 18) - 19 29 mA
PVDD - 1.2 2 mA
HVDD: HP-AMP Normal Opeation
No Qutput (Note 19) i 4 6 mA
HVDD: SRK-AM P Normal Operaion
No Output (Note 20) i ! 18 mA
Power Down (PDN =“L") (Note21)
AVDD+DVDD - 10 100 pA
PVDD - 10 100 uA
HVDD - 10 100 uA

Note 13. BEERPAMP can’t output nore than this maximum voltage.
Note 14. Maximum Input Voltageis propotionalto AVDD voltage. Vin =0.6 xAVDD.
Note 15. When ALC2 Gan is changd, thistypicd value changebetwveen 22kQ and 26l.

Note 16. OutputVoltageis proporiond to AVDD voltage.Vout = 0.588x AVDD.
Note 17. When theoutputpin drives a cgacitive load,aresisor shalld beadded in segs betveen the outputpin and

cgpecitive load.

Note 18. PMWICL=PMMICR=PMADL=PMADR=PMDAC=PMMO=PMLO=PMSK=PMHPL=PMHPR=PMVCM=

PMPLL=PMXTL=PMBPM=PMBPS="1", MCKO= “1" and Maste Mode AVDD=13mA (typ.),

DVDD=6mA (typ.).

AVDD=10mA(typ.), DVDD=6mA (typ.) & PMMICL=PMADL=PMDAC=PMM O=PMLO=PMSPK=PMHPL
=PMHPR=PMV CM=PMPLL=PMXTL=PMBPM=PMBPS= “1”, PMMI CR=PMA DR=PMI PGR= “0",

MCKO=“1" and Master Mode.

AVDD=10mA (typ.), DVDD=4mA (typ.) atMCKO=“0" in SlaveMode.
Note 19. PMMICL=PMM ICR=PMADL=PMADR=PMDAC=PMMO=PMLO=PMHPL=PMHPR=PMVCM=PMPLL=

PMXTL=PMBPM=PMBFS= “1" and PMSFK=

“0”.

Note 20. PMMICL=PMMICR=PMAD L=PMA DR=PMDAC=PMM O=PML O=PVSFK=PMVCM=PMPLL=PMXTL =
PMBPM=PMBRS= “1" and PMHPL=PMHPR="0".
Note 21. All digital inputpinsare fixed to DVDD or DVSS
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FILTER CHARACTERISTICS

(Te=—10~ 70°C; AVDD, DVDD, PVDD, HVDD=2.4~ 3.6V, fs=44.1kHz,DEM=0FF)

Par ameter | Symbol | min | typ | max | Units

ADC Digital Filter (Decimation L PF):

Passbad (Noe22) | £0.1dB PB 0 - 17.4 kHz
-1.0dB 20.0 - kHz
-3.0dB - 21.1 - kHz

Stopband SB 27.0 - - kHz

Passbad Rpple PR - - +0.1 dB

Stopband Atenuaton SA 65 - - dB

Group Deby (Note 23) GD - 17.0 - 1/fs

Group Dedy Distortion AGD - 0 - ys

ADC Digital Filter (HPF):

Frequenyg Response (Na& 22) | —-3.0dB FR - 3.4 - Hz
—-0.5dB - 10 - Hz
—0.1dB - 22 - Hz

DAC Digital Filter:

Passbad (Noe 22) | £0.1dB PB 0 - 20.0 kHz
—6.0dB - 22.(b - kHz

Stopband SB 24.1 - - kHz

Passbad Rpple PR - - +0.06 dB

Stopband Atenuaton SA 43 - - dB

Group Deby (Note23) GD - 16.8 - 1/fs

DAC Digital Filter + SCF:

Frequeng Response0 ~ 20.0kHz | FR | - | +0.5 | - | dB

BOOST Filter: (Note 24)

Frequeng Response | MIN | 20Hz FR - 5.74 - dB
100Hz - 2.92 - dB
1kHz - 0.0 - dB

MID | 20Hz FR - 5.94 - dB
100Hz - 4.71 - dB
1kHz - 0.14 - dB

MAX | 20Hz FR - 16.04 - dB
100Hz - 10.% - dB
1kHz - 0.3 - dB

Note 22. The pasbad and sbphand frequacies sale with fs (system sampling rae).
For exanple, ADCis PB=0.454fs (@-1.0dB), DAC is PB=0.454*fs (@0.01dB.

Note 23. The elculated dday time causedby digitd filtering. Thstimeis fromtheinputof andog signalto seting of the
16-bitdata 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
registe to theoutputof andog signa

Note 24.These frequenyg responses stewith fs. If ahigh-level and bw frequeng signalisinput, theanabg ouput dips
to the full-scale.
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| DC CHARACTERISTICS |
(Ta=—10~ 70°C; AVDD, DVDD, PVDD, HVDD=2.4~ 3.6V)

Par ameter Symbol min typ Max Units
High-Leve Input Voltage VIH 70%DVDD - - Y
Low-Level InputVoltage VIL - - 30%DVDD \%
Input Voltage at AC Couping (Note 25) VAC 50%DVDD - - Vv
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 A

Note 25. When AC couptd cgacior is conneted to MCKI pin.

| SWITCHING CHARACTERISTICS |
(Ta=—10~ 70°C; AVDD, DVDD, PVDD, HVDD=2.4~ 3.6V; C, =20pF)

Parameter Symbol min typ max Units
Master Clock Timing
Crystdl Resondor | Freguency 11.2896 - 12.288 MHz
External Clock Frequency fCLK 2.048 - 12.288 MHz
Pulse Width Low tCLKL 0.4fCLK - - ns
Pule Width High tCLKH 0.4fCLK - - ns
AC Pulse Width (Note26) | tACW 0.4fCLK - - ns
MCKO Output
Frequeny fMCK 0.256 - 12.288 MHz
Duty Cycle: | exceptfs=32kHz dMCK 40 50 60 %
fs=32kHzat256fs (Note 27) dMCK - 33 - %
LRCK Timing
Frequeny fs 8 - 48 kHz
Duty Cycle Slave node Duty 45 - 55 %
Maste mode Duty - 50 - %
Audio Interface Timing
Slave mode
BICK Peaiod tBCK 312.5 - - ns
BICK Pulse Width Low tBCKL 130 - - ns
Pulse Width High tBCKH 130 - - ns
LRCK Edge to BICK “1” (Note 28) tLRB 50 - - ns
BICK “T" to LRCK Edge (Note 28) tBLR 50 - - ns
LRCK to SDTO (MSB) (Exceptl®S mode) tLRS - - 80 ns
BICK “1” to SDTO tBSD - - 80 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Setup Time tSDS 50 - - ns
Master mode
BICK Frequeng (BF bit =“0") fBCK - 64fs - Hz
(BF bit ="1") fBCK - 32fs - Hz
BICK Duty dBCK - 50 - %
BICK “\” to LRCK tMBLR -80 - 80 ns
BICK “{” to SDTO tBSD -80 - 80 ns
SDTI Hold Time tSDH 50 - - ns
SDTI Setup Time tSDS 50 - - ns

Note 26. Puse width to groundlevel when MCKI is conneced b a cgactor in seres and aesstor is conneted to
ground(Refer b Figure4).

Note 27. PMPLL bit = “1".

Note 28. BIKK rising edge mstnot occurat thesane time asLRCK edge.
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Parameter Symbol min typ max Units

Control Interface Timing (4-wire Serial mode):
CCLK Period tCCK 200 - - ns
CCLK Pulse Width Low tCCKL 80 - - ns

PulseWidth 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 “7” tCSS 50 - - ns
CCLK “T"to CN 1~ tCSH 50 - - ns
CDTO Delay tDCD - - 50 ns
CSN “1" to CDTO Hi-Z tCCZ - - 70 ns

Control Interface Timing (1°C Bus mode):
SCL Clock Frequeng fSCL - - 100 kHz
Bus Free Tine Between Transnissions tBUF 4.7 - - us
Start Condition Hold Time (prior to firstclock pulse) | tHD:STA 4.0 - - us
Clock Low Time tLOW 4.7 - - us
Clock High Time tHIGH 4.0 - - us
Setup Time for Repeated Start Condtion tSU:STA 4.7 - - us
SDA Hold Time from SCL Falling (Note 29) tHD:DAT 0 - - us
SDA Setup Time from SCL Rising tSU:DAT 0.25 - - us
Rise Time of Both SDA andSCL Lines tR - - 1.0 us
Fall Time of Both SDA and SC Lines tF - - 0.3 us
Setup Time for Sop Condtion tSU:STO 4.0 - - us
PulseWidth of Spike Noise Supprased by Input Filter tSP 0 - 50 ns

Reset Timing
PDN Pulse Width (Note 30) tPD 150 - - ns
PMADL or PMADR “71” to SDTOvalid (Note31) tPDV - 2081 - 1/fs

Note 29. Daad must be held long enoughio bridgethe 300ns+ianstion time of SCL.

Note 30. The AK4537 ca beresetby the PDN pin = “L".

Note 31. This is theourt of LRCK “?1” fromthe PMADL or PMADR bit = “1".
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B Timing Diagram

1/fCLK

1/fs

fMCK

50%DVDD

g

Figure3. dock Timing

: UFCLK |
B E—
i i
: |
1000pF ' tACW | tACW |
t— >
| H |
MCKI Input I I Measurement Point i i _____ W“
| ] |
100ke2 AGND : : : VAC
| 1 |
| | = e
| 1 I
Figure4. MCKI A C Couping Timing
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LRCK

BICK

SDTO

SDTI

LRCK

BICK

SDTI

MS0202-E-04

tSDS

tSDH

[AK4537]

50%DVDD

Figure5. Audio Interface Timing (Skve mode)

tSDS

tSDH

50%DVDD

50%DVDD

Figure6. Audib Interface Timing (Mastr modé
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CSN

tCCKL  tCCKH

CCLK

Ci Co

CDTI

Hi-Z

CDTO

Figure7. WRITE/READ CommandInput Timing

CSN

CCLK

CDTI D2 D1 DO

Hi-Z

CDTO

Figure8. WRITE Data Input Timing
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CSN

CCLK

CDTI

Hi-Z

CDTO

———————————— D7 ><D6

Figure9. READ Data Output Timing 1

CSN

CCLK

CDTI
tCCz
CDTO - D2 >< fffffffff DL - >< ffffffffff DO === alut
Figure10.READ Data Oufput Timing 2
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> e T e
tHD:DAT tSU:DAT  tSU:STA |

Figure11. FC Bus ModeTiming

—————————————————————————————————————————————————————————————————————————————————————————————————————————————— VIH
CSN
————————————————————————————————————————————————————————————————————————————————————————————————————————————— VIL
tPDV
T | 50%DVDD

Figure12. Power Down & ReetTiming
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OPERATION OVERVIEW

B Master Clo ck Source

The AK4537 requires amaste clock (MCLK). Thismaster clock is inputto the AK4537by connecing a X'tal osdll ator
to XTI andXTO pinsor by inputing anexternal CMOS-levd clockto the XTI pin or byinputing an external clock tat
is greater than 50%o0f the DVDD level to the XTI pin through acapadtor.

When using aX'ta oscilator, there shauld be @pecitors betveen XTI/XTO pins aad DVSS Whenusinganexternd
clock, herearetwo choices: direct, where & external clock isinputdirectly to the XTI pin and indiect, wherethe

external clock isinputthrough acapadtor.

Master Clock Status PMXTL bit | MCKPD bit
X'tal Osdll ator (Figure 13) Oscilator ON 1 0
Oscilator OFF 0 1
External Clock Directinput  (Figure 14) Clock isinput to MCKI pin. 0 0
MCKI pin is fixedto “L". 0 0/1
MCKI pin is fixedto “H". 0 0
MCKI pin is Hi-Z 0 1
AC Couplng Input (Figure 15) Clock isinput to MCKI pin. 1 0
Clock isn't inputto MCKI pin. 0 1
Table 1. Matea Clock Satusby PMXTL bit and MCKPD bit
(2) X'tal Oscill ator
XTI I; I;
MCKPD ="0"
c_— _L_
i g 25kQ
Tl PMXTL ="1"
——()
XTO AK4537
Figure 13. X'el mode
Note: The cegpacitor values depend on the X'tal oscillator used. (C : typ. 10~ 30pH
MS0202-E-04 2005/04
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(2) Externd Clock Direct Input

XTI

-
\
External
Clock
XTO (

&

25kQ

MCKPD ="0"

PMXTL = O{
N
J

AK4537

Figure 14. Exérnd Clock mode(Input : CMOS Level)
Note: This clock level must notexcesd DVDD level.

(3) AC Coupling Input

C XTI
> F——
External
Clock

XTO OO

%

AK4537

Figure 15. Exérnd Clock node(Input: > 50%DvDD)
Note: This cbck level must notexceed DVDD level. (C: 0.1uF)
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B System Clock
(1) PLL Mode(PMPLL bit = “1")

A fully integrated anabg phese lodkedloop (PLL)generdes a clock tatis sekededby the PLL1-0 andFS2-0 bits (see
Table.2 and Table.3). Thefrequancy of the MCKO outputis sdectable via the PS1-0 bitsregistes as déined n Table.4
andthe MCKO oufput enable is contolled by the MCKO bit. If PS1-0 bits are change d before LRCK is input,
MCKO is not output. P S1-0 bits shoul d be ch anged after LRCK is inpu tin slav e mode.

The R_L should bepowereal-up afer the X'tal osdll ator becormes stble or externalmaster clock is inputed. It takes X'tal
osclilator 20ms(typ) to bestable after PMXTL bit="1". The PLL neeads 40ns lock time, wheneer the sanpling frequency
changesor the PLL is powered-up (PRLL bit="0" — “1").

LRCK and BIK areoutput fromthe AK4537 in master mode. \hen he clock inputto MCKI pin stops diring nornel
operaion (PMPLL bit =“1"), theinternal PLL continues © oscllate (afew MHz), and LRCK and BICK oufputsgo ©
“L" (Table5).

In slave node, he LRCK inputshoutl besynchronized with MCKO. The nester clock (MCKI) shauld be sywchronizd
with sanpling clock (LRCK). The phasebaween thee clocksdoes notmatter. LRCK and BICK nustbe present
wheneverthe AK4537 s opeating (AMADL bit =“1", PMADR bit =“1" or PMDAC bit = “1"). If theseclocks are not
provided,the AK4537may drawexcesscurrent due to is useof internal dynamicdly refreshel logic. If the exernd
clocksarenot presentplacethe AK4537 in power-down rode(PMADL bit = PMADR bit = PMDAC bit =“0").

Mode PLL1 PLLO MCKI
0 0 0 12.288VHz Default
1 0 1 11.2896MHz
2 1 0 12MHz
3 1 1 N/A
Table 2. MCKI InputFrequeng (PLL M ode)
FS2 FSL FO Sampling Frequenyg
0 0 0 44.1kHz Defaut
0 0 1 22.05kHz
0 1 0 11.025kHz
0 1 1 48kHz
1 0 0 32kHz
1 0 1 24kHz
1 1 0 16kHz
1 1 1 8kHz
Table 3. Sapling Frequency (PLL Mode
Mode sl P MCKO
0 0 0 256fs Default
1 0 1 128fs
2 1 0 64fs
3 1 1 32fs

Table 4. MCKO Frequency (PLL Mode MCKO bit = “1")

MS0202-E-04
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Mastea Mode (M/S pin =“H")
Power up Power down PLL Unlock

. Frequenyg setby PLL1-0 Frequency se by PLL1-Obits
MCKIPIN | pits (Refer to Tabe 2) | REeroTablel | pore o Talle 2

. MCKO bit =“0": “L” o MCKO bit =“0" : “L”
MCKO pin MCKO bit =“1" : Output L MCKO hit =“1" : Unsetling

. BF bit =“0" : 64fs Ouput “p -
BICK pin BF bit =“1" : 32fs Ouput L L
LRCK pin | Output ‘L ‘L

Table 5.Clock Operéion atMaster Mode (PLL Mode)

Slave Mode (MS pin = “L")
Power up Powe down PLL Unlock

. Frequency set by PLL1-0 Frequency se by PLL1-0 bits
MCKI pin bits (Referto Tabk 2) Refer 1o Table 1 (Refer to Tale 2

.| MCKO bit="0" : “L" “l MCKO bit =“0" : “L”
MCKO pIn | ek bit = *1” : Output L MCKO bit = “1” : Unsetling
BICK pin | Input Fixed to “L” or “H” externdly Input
LRCK pin | Input Fixed to “L” or “H” externdly Input

Table 6. Aock Opeation & Slave Mode(PLL Mode)
(2) Externd mode (PMPLL bit = “0")

When the PMPLL bit = “0”, the AK4537 works in extrnal clock mode. The M®&O pin outputs a bifered cbck of
MCKI input

Forexample,whenMCKI = 256fs, he sanpling frequeng ischangeable from 8kHz © 48kHz (Table 7). TheMCKO bit
controls MCKO outputenale. The frequacy of MCKO is sekedable via regste thePSL-0 bits as defined in Table 8. If
PS1-0 bits are chang ed before LRCK is input, MCKO is not outpu t. PS1-0 bits should be changed after

LRCK is inputin slave mode. Themaste cock frequeng shouldbe ciangedonly whenthe PMADL, PMADR and
PMDAC bits="0".

LRCK and BIXK areoutput fromthe AK4537 in master node Theclock to theMCKI pin must not stop during nornal
operaion (PMADL bit =“1”, PMADR bit =“1" or PMDAC bit = “1”). If this clock is not prowied,the AK4537may
draw exaess arrentdueto its use ofinternal dynamicdly refredied bgic. If the external clocks are notpresentplacethe
AK4537in power-down mde(PMADL bit = PMADR bit = PMDAC bit =“0").

MCKI, BICK andLRCK cdodks aerequred in slavemode. Thamaste clock (MCKI) shoud besynchrorized with
sanpling clock (LRCK). The phasebetween these docks dos notmatter. LRCK and BICK should avays bepresent
whenever the AK4537 is n normal operaiton (PMADL bit = “1", PMADR bit =“1" or PMDAC bit =“1"). If these clocks
arenot provided, he AK4537may draw excescurrentdue to its use of inernal dynamicdly refresheddgic. If the
externalclocksarenotpresentplacethe AK4537 in powe-down nmode (PMADL bit = PMADR bit = PMDAC bit =“0").

Mode FS1 FSO Sampling Frejuency(fs) MCKI
0 0 0 8kHz ~ 48kHz 256fs Defaul
1 0 1 8kHz ~ 24kHz 512fs
2 1 0 8kHz ~ 12kHz 1024fs
3 1 1 N/A N/A

Table 7. Sapling Frequeng Seled (EXT Mode)

MS0202-E-04 2005/04
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Mode 1 P MCKO
0 0 0 256fs Default
1 0 1 128fs
2 1 0 64fs
3 1 1 32fs

Table 8. MCKO Frequency (EXT Mode MCKO bit = “1")

Mastea Mode (M/S pin = “H")
Power up Powea down
MCKO bit =“0" : “L” aLn
MCKO bit =“1" : Output
. BF bit = “0” : 64fs Ouput w »
BICK pIn | 5 it = 17 - 3015 OuBut L
LRCK pin | Output “L”
Table 9. Cbck Operabn atMaster Mode (EXT Mode)

MCKO pin

Slave Mode (MS pin = “L")

Power up Powe down
.| MCKO bit ="0": “L” wf »
MCKO pin MCKO hit = “1” : Output L
BICK pin | Input Fixed to “L” or “H” externaly
LRCK pin | Input Fixed to “L” or “H” externaly

Table 10. Cbck Operabn at SlaveMode (EXT Mod¢

The SN of the DAC at low sanpling frequendes is worsethanat high sanpling frequenies dueto outof-band nose.
When the outof-band nosecanbe mproved byusing hgher fequeng of themaster clock. The SN of the DAC output
through Hadphoneanp & fs=8kHzis shown in Table 11.

MCLK SN (fs=8BkHz, A-weighted)
256fs 84dB
512fs 88dB
1024fs 88dB

Table 11. Relationshipbetveen MCLK and SN of HP-AMP

B Master M ode/Slave Mode

The M'S pin sdects either master or skve modes M/S gn = “H” sekds mesta mode and “L"sekds slare mode.The
AK4537 outpus MCKO, BICK and LR in masta mode.The AK4537 ouputs only MCKO in slare node while
BICK andLRCK mustbeinputseparatly.

Mode MCKO BICK / LRCK

_ BICK = Input

SlaveMode | MCKO = Ouput LRCK = Input
_ BICK = Output
Master Mode | MCKO = Ouput LRCK = Ouput

Table 12. Master modé'Slave mode
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W System Reset

Upon pover-up resetthe AK4537 by bringing the PDN pin =“L". This ensures ltatall internal registersresetto their
initial values.

The ADC erters aninitialization cyde that starts whenthe PMADL or PMADR hit is charnged from “0” to “1”. The
initialization cycle tine is 2081/fspr 47.2ns@fs=441kHz. Duringthe initializaton cycle the ADC digital data outputs
of both chands areforced to a 2's compliment, “0”. The ADC output reflects theandog input signaafter the
initialization cycle is complete. The DAC does rot require aninitialization cyde.

W Audio Inte rface Format

Three types of dda formats ae avalable and ae sekcted by sdting the DIF1-0 bits (Table 13). Inal modes, the seral
datis MSB first,2's conplement format. The SDTO is clocked outon thefalling edgeof BICK and the DTl is latched
on te rising edge All dat formats an be usedin both master and slee nodes. LR(K and BICK are oufput from
AK4537 in master mode butmustbe nputto AK4537 in slave node.If 16-bit datathat ADC outputsis convertel to 8-bit
datbyremoving LSB8-bit, -1 at16bitdatis cnverted to—1 & 8-bitdat. And when theDAC playbacks his 8-bit dag,
-1 & 8-bit daawill beconvertel to—256at16-bit data and this is a large offset This offsetcan be renoved by adding te
offset of 128 b 16-bit daa beore convering © 8-bit daa. When ADC is used asmonaura) the output daa of
powered-dowrchannelis “0”.

When LOOPbit = “1”, audio interface format of SDTO isfixed b IS regardessof DIF1-0 bis seting.

Mode | DIF1 | DIFO SDTO (ADC) SDTI (DAC) BICK Figure
0 0 0 MSB justified LSB justfied > 32fs | Figure 16
1 0 1 MSB jusified MSB justified >32%s | Figure 17
2 1 0 1°s Fs >3Xs | Figure 18| Defaut
3 1 1 N/A N/A N/A -

Table 13. Audo Interface Fornat

LRCK _l

0123

91011121314156 1 23 % 91011121314156 1

BICK(32fs) % %

SDTO(0) 15|14|13| §|7|6|5|4|3|2|1|0 15|14|13| §|7|6|5|4|3|2|1|0 15|

SDTI(i) |15|14|13| / |15|14|13| %|7|6|5|4|3 2|1|0|15|
0123/ 151617182% 310 12 % 1516 17 18 // 310 1

BICK(64fs) % % % %

SDTO(0) 15[14]13] %|1|0| % 15]14]13) |1|o| %

.

SDTI(i) Don't Care |15|14| | 1 | 0 Don't Care |15|14| | 1 | 0
|l5 MSB, 0:LSB : :
" Lch Data ’}‘ Rch Data ’:
Figure16. ModeO Timing
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LRCK

BICK(32fs)
SDTO(0)

SDTI(i)

BICK(64fs)
SDTO(0)

SDTI(i)

LRCK

BICK(32fs) | []

SDTO(0)

SDTI(i)

BICK(64fs)

SDTO(0)

SDTI(i)

[AK4537]

91011121314150 1 2 3 9101112131415 0 1

%

/7 514 1 15(14|1 15

| %IIGIIISIZIIO||3I?||||||||0|

[15]1]22] | [6]s]4]3]2]2]o]ss]ra]1s] /| Lolols]2][a]o]s]
| 1516 17 18 310 1

=
0 23%

15161718:/ 31012 3

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

EDEE % iTo] ERE ,?| o] EN
15|14|13| | | | Don't Care I15|14|13| %% | | Don't Care I15|
115:MSB, OLSB : :

E< Lch Data ' Rch Data ’E

Figurel7. Model Timing

| | L

0123% 91011121314150 1 2 3 91011121314150 1
- //

|||/||||||||||||||||||||_
01514/ 0[15(14 8(7(6[5[4([3[2|1]0

\

|
[ofifed /I [7]6]s]4[2]2[]o |15|14| 8]7]6]s]4]s]2[1]o]

0123 15161718% 310 1 2

7
1516 17 18 310 1

.

\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\N

£ ] U

|
| -
t514] | [2lo] 15|14| 2]1]o]
. / .
15[14| | |1]o] pontcare 15|14| | 2|1]|o| pontcare
1 15:MSB, 0 LSB , :
i‘ Lch Data >E< Rch Data >E

Figure18. Mode2 Timing

W Digit al High Pass Filt er

The ADChas a digal high passfilter for DC offsé cancelation. The cutoff frequeng of the HPFis 3.4Hz
(@fs=4.1kHz) and sales wit sanpling rate (fs).
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B MIC Gain Amplifier

AK4537 has a GaiAmplifier for Microphoneinput This gan is 0dB or 20dB, sekded by the MGAIN bit (Table 14).
Thetypicd inputimpedanceis 30kQ.

MGAIN bit Input Gain
0 0dB
1 +20dB Defaul

Table 14. MIC InputGan

The nic gah amp of theAK 4537 supposd the following three cses:

PMMICL bit = “1”
Internal INT mTTTTTTITTN i
| | I\ ! '
MIC I Q ; ' MICOUTL
External E _‘_(: —>
MIC EXT MSEL= 0" i----------!
PMMICR bit = “0”
i i | micoutr
! —O
Figure 19. Ingrnd MIC (Mono)
internal INT PMMICL bit = 1
MIC MICOUTL
External ) }
MIC
MICOUTR
A
Figure20. External MIC (Mong)
MICL P":/'.'Y'_'Q'-_?_'t_?_ll
MIC Lch O Q ; i | micouTL
MIC Rch —— | 5
MICR MSEL= “0” i--2-------!
PMMICR bit = "1”
i \ | micoutr
| —O—>

Figure21. Sereo MIC

H MIC Power

The MPI and MPE pins supp} power for the Microphone. These gomit voltages are0.75 x AVDD (typ) and he
maximum outputcurrentis 1.25mA.
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B Manual Mode
The AK4537becomes amanud modeat ALC1 bit = “0”. This nbdeis used in he case showrbdow.

1. After exiting rese state, setupthe regstes for he ALC1 opeation (ZTM1-0, LMTH andertc)

2. When theregistas for the ALC1 operaton (Limiter period, Reovery period ancetc) arechanged.
For exanple; When thechange ofthe sanpling frequency

3. When IRGA isusal as a nanualvolume.

When writingto the IPGAL6-0 andIPGARG6-0 bit coninualy, the mntrol register shoutl bewritten by an interval more
thanzero crossngtimeout (thewrite opeaation interval beaweenlPGAL6-0 and IPGARG6-0 bis also shoull bemore than
zero crossingtimeout). When IPGAC bit is“0”, the write opeaton interval from IPGAL6-0 bits to IPGAR6-0 bisis no
care. Theefore, he aub incrementfuncion of 1°C bus & available at IPGAC = “0".

B MIC-ALC Operation

The ALC (Aubmatic Level Control) of MIC input is dondy ALC1 blockwhen ALC1 bitis“1". When PMMICL bit =
“1” andPMMIR bit = “1", the IPGAIis setto the same value for both chanek.

[1] ALC1 Limiter Operation

When the ALC1 limiter is enabid, and IPGA Lch orRch outputexcedsthe ALC1 limiter deedion level (LM TH), the
IPGA value is atenuakd by the anountdefinedin the ALC1limiter ATT step (LMAT1-0 bis) automaticdly.

When the ZELM bit = “1”, thetimeout perod is séby the LTM1-0 bits. The opertion for atenuaton is done
coninuousy until both Lch andRch inputsignallevels becone LMTH or less.If the ALC1 bit doesnotchange inb “0”
after completing te attenuaion, the atenuation operdion repeats whie Lch or Reh input signallevel equds or exceeds
LMTH.

Whenthe ZELMbit = “0”, thetimeout peiod is st by the ZTM1-0bits. Thisenableshe zero-crasng attenation
function sotha the IPGA vdue is atenuaed & the zero-deectpoints of he waveform.

[2] ALC1 RemveryOperaion

The ALC1 recoveryrefersto the anount of time tha the AK4537will allow both Lch and Rch signalto exeed a
predeterminedli miting value prior to enabing thelimiting fundion. The ALC recoveryoperdion usestte WTM1-0 bits
to definethe wait periodusal after conpleting an ALC1 limiter operdion. If Lch or Rehinputsignak are lowe than the
“ALC 1 Remvery Waiting Counte Reset Levd”, the ALC1 reoveryoperdion strts. ThelPGA vale inaceases
aubmaticdly during this operaton upto thereferen@ level (REF6-0bits). The ALC1 reovery operabn is done aa
period seby theWTM1-0 bits. Zero crossing § deeded during WITM1-0 perbd, he ALC1 reoveryoperdion wats
WTM1-0 perbd andthe nextremvery operdion starts.

Duringthe ALC1 recovey opaation, when Lch oRch inputsignallevel exceedsthe ALC1 limiter detecion level
(LMTH), the ALC1 recovey opeaation changesmmedately into an ALCL1 limiter operation.

In the caseof
(IPGA Lchand R& OutputLevel) < (Limiter deedion level)

and
(IPGA Lch andRch Ouput Level) > (Recovery waiting munte resetievel)

during the ALCL recoveryoperaton, thewait timer for the ALC1 recoveryoperdion is rese Therefore,in the cae of
(IPGA Lch orRch Ouput Level) < (Recoverywaiting ounte resetlevel),

the wait timer for the ALC1 remvery operation stats.

The ALC1 operaiton correspondsatthe impulsenoise Whentheimpulsenoiseis input the ALC1 recovery operation
bewmmes faster than a norral recovay opeaaton.

MS0202-E-04 2005/04
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[3] Example of ALC1 Operabn

[AK4537]

Table 15shows theexamples of the ALC1 sdting. Incase of ths exanples, ALC1 operéon stats from 0dB.

fs=8kHz fs=16kHz fs=44.1kHz

Register Nane | Comment Data | Operdio | Data | Operdio | Data | Opeatio
n n n
LMTH Limiter detecion Level 1 -4dBFS 1 -4dBFS 1 -4BFS
LTM1-0 Limiter operaton period aZELM =1 | 00 | Don'tuse| 00 | Dan'tuse] 00 | Don'tuse
ZELM Limiter zerocrossing deteatin 0 Enable 0 Enable 0 Enablé
ZTM1-0 Zero crossig timeout period 00 16ms 01 16nms 10 11.6ns
Recoverywaiting peiod
WTM1-0 *W TM1-0 bis shoull be he sanedaa| 00 16ns 01 16ns 10 | 11.6ms
as Z'M1-0 bits

REF5-0 Maximum gain atrecovey opeation | 47H | +27.50B | 47H | +27.5dB | 47H | +27.5dB
:igﬁ;%% Gain of IPGAatALC1operdionstart | 10H 0dB 10H 0dB 10H 0dB
LMAT1-0 Limiter ATT Step 00 1step 00 lstep 00 Istep
RATT RecoveryGAIN Step 0 1step 0 1step 0 1sep
ALC1 ALC1 Enabk bit 1 Enabé 1 Enabé 1 Enabé

Table 15. Exanple of the ALC1 seting

Thefollowing regstes shoull notbechange duringthe ALC1 oper&on. Thesebits shoull be changedafter the ALC1
operaion is finished by ALC1 bit = “0” or PMMIC bit =“0".

¢ LTM1-0, LMTH, LMAT1-0, WTM1-0, ZTM1-0, RATT, REF6-0, ZELM bits

IPGA gan atALC1 operaton stat can bechanged fromthe ddault vadue of IPGAL6-0 bits while FMMICL, PMMICR,
PMIPGL or PMIPGR hit is“1” and ALC1 bit is“0”. When ALCL bit ischanged from*“1” to “0", IPGA holds be lastgan
value setby ALC1 operdion.

| Manual Mode |

MS0202-E-04

'

| ALC1 Operation |
Note : WR : Write

Example:
Limiter = Zero crossing Enable
Recovery Cycle = 16ms @ fs= 8kHz
Limiter and Recovery Step = 1
Maximum Gain = +27.5dB
Limiter Detection Level = -4dBFS
ALC2 bit = “1” (default)

WR (ZTM1-0, WTM1-0, LTM1-0) (1) Addr=08H, Data=00H
WR (REF6-0) (2) Addr=0AH, Data=47H
WR (IPGA6-0) |* The value of IPGA should be (3) Addr=0BH&OFH, Data=10H
* the same or smaller than REF’s &
WR (ALC1=“1", LMAT1-0, RATT, LMTH, ZELM) (4) Addr=09H, Data=61H

Figure 22. Rgisters setup s@uenceat ALC1 operaton
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B De-emph asis Filter

[AK4537]

The AK4537 includes ke digital de-enphass filter (tc = 50/15us) by IIR filter. Seting the DEM1-0 bits enades the

de-enphssis filter (Table 16).

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

Defaut

Table 16. Deemphass Control

W Bass Boost Function

TheBST1-0 bis contol the ampuntof low frequencyboostepplied to the DAC outputsignal (Tablke 17). If the BST1-0
bits are seto “10” (MID Level), use a47uF capaitor for AC-coupling. If the boostd signd exceedsfull saale,theanabg
output cips o the full scak. Figure 10showsthe boostfrequeng resporsea —20dBsignd input.

Boost Frequency (fs=44.1kHz)

Output Level [dB]

Frequency [kHZ]

Figure 23. BoosFrequency (fs=44.1kHz)

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

Table 17. LowFrequeng BoostContol

MS0202-E-04 2005/04
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W Digit al Attenuator

[AK4537]

The AK4537has achanetindependst digital atenuabr (2561evels, 0.5dB st@, Mute). The atenuaton level of eath
channel can be sby theATTL/R7-0 bits. When theDATTC bit = “1”, the ATTL7-0 bits controbothLch and Rh
attenuation levels. Wen the DATTChit =“0”, the ATTL7-0 bits conbl Lch leveland ATTR7-0bits control Reh level.
This atenuabr has a softranstion functon. Ittakes 1061fs from 00Hto FFH.

ATTL/R7-0 Attenuation
00H 0dB
01H —-0.5dB
02H -1.0dB
03H -1.5dB
FDH -126.5dB
FEH -127.0dB
FFH MUTE (—o0)

Defaut

Table 18. DATT CodeTable

W Soft Mute

Soft mute operaionis performed in the digital domain. When he SMUTE bitgoes o a“1”, theoutputsignalis atenuatd
by -0 (“0") during the g/cle s& bythe TM1-0 bis. When the SMUTE bit isreturned to*0”, the muteis canceled andthe
outputattenuaiongradualy changsto 0dBduring te cycle setof the TM1-0 bis. If the softmuteis cancdled within the
cycle setby the TM1-0 bis after statingtheoperaion, he atenudion is disontinued ad redurned b 0dB. The soft mte
is effedive for changing he signal source wihoutsiopping the signatransnission (Figure 24).

The soft mute function is independenbf output volume and ascadeconnectedetveen boh funcions.

SMUTE bit
TM1-0 bit TM1-0 bit
< >
0dB (1) /
Attenuation (3)
_(X) - 7
—» «—GD —» «—GD
(2)
Analog Output \/\

Figure 24. 8ft Mute Functon

(1) The outputsignd is atenuaed unil - (“0”) by thecycle s& by the TM1-0 bits.
(2) Analog ouput correspondingadigital input hasthe groupdday (GD).
(3) If the soft mute is can@ll ed within thecycle of seting the TM1-0bits, the atenuatonis dismunted andreturned to

0dB(the s¢value).

MS0202-E-04
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B BEEP Input

When the PMBPS bit is setto “1”, the steeo bee input s powered upAnd when the BFSHPbit is setto “1”, theinput
signds from the BEEPL and BEEPRpins ae mixed b Headphone outpst When the BFSSP bitis setto “1”, the signal
of (BEEPL + BEEMR)/2 is input b Speker-amp. When the PMBPM bit is sé to “1”, mono beep inpuis powere up.
AndwhentheBPMHPbitisse to“1”, theinputsignalfrom the BEEPMpin to Headphone-mp. When the BPMSPbit is
setto “1”, the signd from the BEEPM pin is input to Spe&er ouput. Theexternal resstes R adjustthe signd level of
each BEEPinput hatare nixed b Headphone and Spker ouputs.

The signafrom theBEEPMpin is nixed to he Headphonenyp through a —2@B gain stage.The signalfrom the
BEEPM pin is mixedto the Spegker-amp withoutgain. The internal feedbak resstanceis 20k + 30%.

Rf = 20kQ
Ri BPSHP
BEEPL * oNo—» o
MIX
v BPMHP
Rf = 20kQ
Ri HPR
MIX
BEEPR
v
Rf = 20kQ
Ri SPK
! MIX
BEEPM
v
Figure 25. Bbck Diagran of BEEPpins
MS0202-E-04 2005/04
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B Headphon e Output

Power suppl voltage for the Headphoneamp is suppled fromthe HVDD pin and @ntered on he HYDD/2 voltage. The
Healphoneoutput loadresisanceis min.2@. When thePMHPL and PMHPR bits are “0”, theconmon voltage of
Headphone-anp falls and the outpus (HPLandHPR pins)goto “L” (HVSS). Whenthe PMHPL and MHPR bits are
“1”, theconmon volagerises ® HVYDD/2. A capadtor betveen the MUTET pin andground re&luces pop noseat
power-up.

[Example] : A cgpactor betveen the MUTET pin and ground = 1.QF:
Risefall time constant: T = 100ms(typ), 250mms(mex)
Time untl the ommon goe o HYSSwhen PMHPL/R bits =“1" - “0": 500ms(max)

When HPL andHPRbits are “1”, the Headphonenp is poweaed-davn, and the outpus (HPL and HFR pins) go 6 “L”

(HVSS.
PMHPL/R bit
HPL/R bit : :
HPL/R pin _E_m :
1) () (3) )

Figure 26. Bwer-upPowe-down Timing for Headphoneanp

(1) Headphone-ampower-up (HPLHPRbit= “0"). The outputsre stillHVSS.

(2) Headphone-amconmon votageriseup (AMHPL, PMHPR bit=“1"). Common votage of Headphore-amp isrising.
This rise tine depends on the cagii@r value canectedvith the MUTET pin. Tletime constant ig = 100k x Cwhen
thecapacitor value oMUTET pin is “C".

(3)Headphone-amconmon voltage fal down (AMHPL, PMHPR bit= “0"). Common woltage of Healphone-anp is
falling. Thisfall time dependson the @pecitor value conneted with the MUTET pin. The tme conséntist = 100k x
C when thecapacitor value oMUTET pin is “C”.

(4)Headphone-ampowe-down (HR., HPRbit= “1"). The output are HVSS. If the powersuppy is switched off or
Headphone-amis powaed-down befor¢he common votage goesto HVSS, sone POP noise ocurs.

MS0202-E-04 2005/04
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[AK4537]

Thecutoff frequencyof Headphone-amoutputdgpends onhe externd resstor andcapaitor used. Tatd 19showsthe
cutoff frequencyandtheoutputpowe for various reisor/capaitor conmbinatons. The hedphoneimpedanceR, is 16Q.
Output powes are show atHVDD = 2.7,3.0and 3.3V.Theoutputvoltage ofheadphones 0.6 xAVDD (Vpp).

When an externa resisor R is sméer than 12Q, put an osdiation preveribn crcuit (0.221F+20% capaitor and
10Q+20% resstor) beauset hasthe possbility that Headphone-am oscll ates.

==

AK4537

—_———————

1
| Headphone !

16Q

Figure27. External Circuit Example of Headphone

fc [Hz fc [Hz Output Power [mW
RIC] C[kF BOOS[T:]OFF BOOS[T:I]VIID 2.7V £ 3.0V [ ] 3.3V
6.2 47 152.5 63 10.0 12.4 15.0
16 47 105.8 43 4.8 6.0 7.2
6.2 100 71.2 27 10.0 12.4 15.0
16 100 49.7 20 4.8 6.0 7.2
Table 19. Exernd Circuit Exanple
MS0202-E-04
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B Speaker Output

[AK4537]

The ouput signd from anabg vdume is converned into a mono signal [(L+R)/2] and his sign& is input to the
Speker-anp via the ALC2 circuit. This Speaker-anp isamonoBTL oufput. WhenDAC output signalisinputto MIN
pin assystemdesignexanple (Figure47), $eake-amp can ouput a naximum of 30MW@SPKG bit =“0" and ALC2
bit =“0” at8Q load when H/DD = 3.3V. When BEEP inputis usel for DAC ouput, maximum powe bemmes 400nW.
Figure29and Fgure30 indicaesconnetion exanples for 400rkV outpuit.

SHKG ALC2 Po(max)
0 X 150mwV Default

1 0 300nW

1 250nW

Table 20. SK-Amp Maximum OutputPowe (x: Don'’t care)

Spesker blocks (MOUT2, ALC2 and Spe&ker-amp) can be powered updown bycontrolling the PMSHK bit. When the
PMSHK bit is “0”, the MOUT2, SPPandSHN pins ae placal in aHi-Z state.

When the SPPS Hiis “0”, the Spek&er-anp enkers powe-savemode.In this mode, he SPP pinis placel in aHi-Z state
and theSAN pin goes to HVYDD2 voltage Andthen he Spe&ker outputgradudly changesa the HVDD/2 voltage and
this modecanredu@ pop naseat powa-up. When the AK4537is powerel down, pop naie @n bealso reducd by first

enering power-save-wde

PMSPK bit

SPPS bit

SPP pin Hi-z

SPN pin Hi-Z : HVDD/2 HVDD/2 : Hi-Z

Figure28. Power-up/Pwer-downTiming for $eake-amp

[Connecion Example for 400nwW outpui

1) UsingBEERM pin

0.047u
| |

16k

M\

20k
AK 4537 +30%
SPK-Amp
+ BPMSP
MOUT2 45%AVDD
1
L
BEEPM

SPP

SPN

Figure29. @nnecion exanple for 400mMV outputusing BEEPM pin (SPKG bit = “1")
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2) UsingBEER. and BEEPRpins

20k
AK 4537 +30%
y— O—O0—
+ BPSSP
SPK-Amp
45%AVDD SPP
20k <
+30%
A sPN
—O— 00—
+ BPSSP
MOUT2 45%AVDD
] 1
L |-
0.068u 0 BEEPL BEEPR
20k

Figure 30. Conrmion exanple for 400nW output using BEER andBEEPRpins (SFKG bit = “17)

Note)

1. MOUT2 outputis recommended b be AC coupled to avod anplified DC offset of common voltege of MOUT2 and
BEERAmMp is ouput via BTL Spesker-Amp (that means stad-by currentis increased). Gpadtor size affeds the
cutoff frequeng of 1% order LAF made by this AC coupling capacior and seies resster in front of BEEPinput

2. Internd feedba& resiser of BEERAmMp which deermines BEEP-Amp gain has30% sanple variation.

B Mono Output (MOUT2 pin)

ThemixedLch/Rch signalof DAC is outputfrom the MOUT2 pin. When he MOUT2 bit is “0”, this outputis OFF and
the MOUT2 pin is forced to VCOM voltage. Theloadimpedanceis 10kQ (min.). Whenthe PMSPKbit is “0”, the
Speker-anp eners power-down-radeand the outputis pleced in aHi-Z stae.

MS0202-E-04 2005/04
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B Stereo Line Output (LOUT/ROUT pins)

miC .%%

0dB/+20dB IPGA Lch

“DAHS” : (0]
fmmmm - ;
—0 D P LOUT pin

ATT+DAC | |
1

-0 o % » ROUT pin

Figure31. SereoLineOutput

When DAHS bitis“1”, Lch/Rch signdof DAC is output fromthe LOUT/ROUT pins whid is single-ended. When
MICL bitis“1”, Lch signalof IPGA is outputfrom LOUT/ROU pins. The badimpedanceis 10k (min.). Whenthe
PMLO bitis“0”, the sereo lineoutputeners power-down-rade andhe outputisplacedin aHi-Z state. When thePSL.O
bitis “0” at PMLO bit is“1”", stereolineoutputbecomes powe-save-node ad the LOUT/ROUT pinsareforced to 0.45
x AVDD voltage WhenP3.0 bit is“1” atPMLO bit is“1”, staeoline outputis normel opeation.

ATTL7-0 andATTR7-0 bits set theolume controlof DAC output. ATTS3-0 bitset thevolume control of IPGALch
oufput.

B Mono Output (MOUT+/MOUT- pins)

4[>—1 }—[} ATT
MIC In

0dB/+20dB IPGA Lch

MICM?
DAMO
|=—==- 1 “MOGN“
| 1
E/ 2 oo A MOUT+
ATT+DAC | Q/ 1
—Elz =0~ 0~ MOUT-
“““ -17dB/+6dB

Figure32. Mono LheOutput

When DAMO bit is “1”, monomixer nmixes Lch and Rch sighrom DAC. This nixed signéis outputto mono ine
output thd is differenia output When MICM bit is “1”, Lch signalfrom IPGA is outputto mono line ouput. Either
MOUT+or MOUT- pin can baised as sigle-endel outputpin. The bad impedane is 20k (min.). When the PMMGCbit
is“0”, themono ine ouput enters powe-down-modeand the outputis placedin aHi-Z state.

ATTL7-0 and ATTR7-0bits setthe volurme controlof DAC output. ATTM bit sés thevolume control of IPGALch
output. Anp for mono Ine outputhas 6dBgan and -17dBgain that aresetby the MOGN bit.

MS0202-E-04 2005/04
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B AL C2 Operation (ALC2 bit="1")

Input resstance of the ALC2 is 24kQ) (typ) and catered around VOM voltage,and he inputsignallevel is—3.1dB/.
(seeFigure 33 andFigure34. 0dB/=1Vrms=2.828Vpp)

The Imiter detecion level is proportond to HVDD. Theoutputlevelislimited by he ALC2 drcuit when te inputsignal
exeeeds -5.2dB (=FS-1.9dB@HVDD=3.3V). When a corihuous synd of —5.2dBVor greater isinpu to the ALC2
circuit, the changepeiod of the ALC2 limiter operaton is setby the ROTM bit and te atenuaton level is 0.5dB/step.

The ALC2 reoveryoperadion uses zero crossings angans of 1dB/step. TheALC2 recoveryoperaton is done util the

inputlevel of the Speker-anp goesto —7.2dBV (=FS-3.9dB@H/DD=3.3V). The ROTM bit sd¢sthe ALC2 recovey

operaton perod.

When the inputsignalis betveen —5.2dBv/ and—7.2dBYV, the ALC2 limiter or re@veryoperdions arenotdone

When the PMSHK bit changes from “0” to “1”, theinitilization cycle (2048fs=46.4ns @fs44.1kHz & ROTM bit =
“0”", 512fs =11.4ns @fs=44.1kHz 6theROTM bit = “1") starts.TheALC2isdisabkedduringtheinitili zaioncycleand

the ALC2 starts dter completing the initili zation cycle.

Parameter ALC?2 Limiter operaton ALC?2 Recovey opeation
Operaion Sart Leve -5.2dBV —7.2dBV
Paiod ROTM bit = “0” 2/fs =45us@fs=4.1kHz 2048/fs =46.4ns@fs244.1kHz
ROTM bit="1" 2/ffs = 18lus@fs=11.@5kHz 512fs = 46.4ns@fs=11.025kHz
Zero-crossng Ddecion X O (Timeout= 2048fs)
ATT/GAIN 0.5dBstep 1dB step
Table 21. Limiter /Recovery of ALC2 a HYDD=3.3V
FS-2.1dB =-5.2dBV 0.8dBV(150mW @8ohm)
B P T 'Y
33dBV _______-3.3dBV 1.9dB +6.0d8 " "1 208V ¥ L\ diferentia
FS \ -~T0 -7 .7 +6.0dB
i N T T —— s - — 5 20BY 4— Single-ended
8B '\ B o “72dBV
—————— \—— — = = e =X = — = — — — — — -10dBV
-11.3dBV .
. '7\+8.1dB
FS-12dB ——- e
-15.3dBV -153dBV FS-4.1dB = -7.2dBV
AN / +16.1dB
————— e e e el e e e — - — — — = 20dBV
-8B \ /
-23.3dBV
————————————————————————— 30dBV
DATT
| pAC ALC2

SPK-AMP

Figure33. Speake-amp Output Leve Diagran (HYDD=3.3V, DATT=28.0dB, $KG bit=“0", ALC2="1")
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£S.2.1dB = .5.2dBY 3.0dBV(250mW @8ohm)
U -7 _1.0dBV
——————————————————— & £ — W QdBV
R’ 4
es 33dBV____ -33dBV 1948 *8.2087 7 +8.2d8 Full-differential
~—_ s Z =5 -
R \'\' e ""\“—‘/’7 ’:Z;Z,dB%j?\j Single-ended
Z-~%2.2dB >
-8dB +4.1dB////7_/
\ _
—————— m—— = = e N - —— — — — — — -10dBV
/
113dBV L
,/ 7/ T~+8.1dB

FS-12dB — N S

-15.3dBV -15.3dBV FS-4.1dB = -7.2dBV

AN / +16.1dB
————B—dE\;-————,A —————————————— 20dBV
\_-23.3dBV /
————————————————————————— 30dBV
DATT ALC2
DAC
SPK-AMP

Figure34. Speake-amp Oufput Leve Diagran (HYDD=3.3V, DATT=-8.0dB, $KG bit=“1", ALC2="1")
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W Serial Control Interface

(1) 4-wire Serial Control Mode (12C pin = “L")

Internal registersmay be written by using he 4-wire pP interfacepins (CSN, GCLK, CDTI andCDTO). Thedat onthis
interface consets of a 2-bit Chip addressReadMrite, Register address (MSB first, 5hits) and Wntrol dat (MSB first,
8bits). Thechip address hgh bt isfixed b “1” and helower bit is setby the CADO pin. Address and dais clocked h on
therisingedgeof CCLK and datiis clocked outon thefalling edge After alow-to-hightranstion of CSN, daaislatched
for write operaions ad CDTO bit outpus Hi-Z. Theclock spe@ of CCLK is5MHz (max). Thevalue of internal
registasis initialized a PDN pin =“L".

CDTI ‘Cl‘CO‘R/W‘A4‘A3‘A2‘A1‘AO‘D7‘D6‘D5‘D4‘D3‘D2‘D1‘DO‘ ‘
Write
cDbTO Hi-Z
cDTI ‘Cl‘CO‘R/W‘A4‘A3‘A2‘A1‘AO‘ ‘
Read
cDTO Hi-z } D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ po H-Z
C1 - CO : Chip Address (C1="1", CO=CADO)
R/W: READ/WRITE ("1": WRITE, "0" : READ)
A4 - AO : Register Address
D7 - DO : Control Data
Figure 35. SerieControl I/F Timing
MS0202-E-04 2005/04
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(2) I°C-bus Control Mode (12C pin = “H")
The AK4537 suppow the sandard-node 1°C-bus (nax: 100kH2). The AK4537 does nosupporta fastmodel*C-bus
systan (max: 400kH2).

(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 a START condition (Figure 42).After the
START condtion, aslave aldresss sent. This address is bits long followed byan eghth bit thatis adata diredion bit
(R/W). Themost sgnificantfive bits of the slave addres are fked as'00100”. The nextwo bits areCAD1 and CADO
(device adress tis). These two bits idenify the speific deviceon te bus. The ha-wired inputpins (CADL and GQ\DO
pins) sethesedevice aldress bis (Figure 37). If he shve address matches hat of the AK4537,the AK4537 generdes an
adknowledge andhe operaion is exeauted. The naster must geneate the aknowledgerelated clock pulseand retase
the SDA line (HIGH) during the acknowledge clock pulse(Figure43). A RW bit vdue of “1” indicates that the read
operaton is to be exeuted. A “0” indicaes that thewrite operaton is to be exeuted.

The seond bye conssts of thecontol register addrss of the AK4537. The forrat is MSB first, and hosemost
significant 3-bits are fikedto zeros (kgure 38). The datafter the second kg contans contol daa. Theformatis MSB
first, 8bits (Figure 39). The AK4537 geneates anadknowledge after each byte has been reived. A dat transfe is
always terminated by a STOP condtion ganerded bythe master. A LOW to HIGH trandiion onthe SDAlinewhile SCL
isHIGH ddines aSTOP condtion (Figure 42).

The AK4537 @an performmore than onebyte write opeaton per squence After receipt of the third byte the AK4537
geneates an acknowkdge and avaits the net dat. The maste can transnit more than onebyte instead of terminatingthe
write cycle after the first data byte is transfered. After recaving each dat padket the internal 5-bit address couner is
incremented by one and thenextdat is aubmaticdly taken inb the nextaddress. Only write to address O0Ho 10H.

The daa onthe SDAIlinemust ramain stable 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 Sguencest thel?C-Bus Mode
0 0 1 0 0 CAD1 | CADO | RW
(Those CA1/0 should ratch with CAD1/0 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 Sructure after the seond byte
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(2)-2. READOpaations

Sd the RW bit = “1” for the READ operabn of theAK4537. 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 5-bit address couner isincrenened byone, andhe next datis
aubmaticdly takeninto the next address. If the addresseceals 1FH prior to generating astop conditon,theaddress
counter will“roll over” to OOH and theprevious déawill be overwritten.

The AK4537suppors two bast real opaations: CURRENT ADDRESS READ and RANDOM ADDRESS READ.

(2)-2-1.CURRENT ADDRESSREAD

The AK4537contans an inérnal address coumtr tha maintains theaddress bthe last word acessedincrenenied by
one. Theefore, f thelast access (éher areador write) were b address n, the next CURRENT READ operdionwould
aacessdat from the address n+1. After receipt of the shveaddress vith R/W bit se to “1”, the AK4537 genmtesan
adknowladge, 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 AK4537 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 reissuesthtie stat requestend the slave addresswith the R/W bit sd to “1”. The AK4537 hengenerags an
adknowledge, 1byte of dataandincrements the internal addresscounter by 1. If the master does notgenerde an
adknowledge to thaelaabutinstead genmates a sbp condiion, he AK4537ceass 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
MS0202-E-04 2005/04
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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

[AK4537]

Addr | Registe Name D7 . D6 : D5 : D4 : D3 : D2 ! D1 : DO
00H | Powa Managenent 1 PMVCM | PMBPS | PMBPM | PMLO | PMMO | PMIPGL | PMMICL | PMADL
01H | Powe Managenent 2 MCKPD | PMXTL | PMPLL | SFKG | PMSPK ! PMHPL | PMHPR | PMDAC
02H | Signal Sdect1 MOGN | PSMO | DAMO | MICM | BPSSP | BPMSP | ALCS ! MOUT2
03H | Signal Selec DAHS | PSO : 0 | MICL | BPSHP: BPMHP: HPL ! HPR
04H | Mode Control 1 PLL1 ! PLLO ! PS1 ' PSO ! MCKO | BF ! DIF1 ! DIFO
05H | ModeContra 2 F : FSL ' FO | 0o 0 ' HPM : LOOP ! SPPS
06H | DAC Contrad TM1 : TMO ! SMUTE ! DATTC | BST1 ! BSTO ! DEM1 ! DEMO
07H | MIC Conrol 0O | 0 | IPGAC | MPWRE | MPWRI | MICAD | MSEL | MGAIN
08H | Timer Select 0 | ROTM : ZTM1 | ZTMO : WTM1 | WTMO | LTM1 : LTMO
09H | ALC Mode Cantrd 1 0 . ALC2 : ALC1 : ZELM : LMAT1 : LMATO : RATT . LMTH
0AH | ALC Mode Cantrd 2 0O | REF6 : REF5 ! [EF4 | RHE3 ! REF2 | FF1 ! RHEO
0BH | Lch Input PGA Control 0 ! IPGAL6 ;| IPGAL5 ! IPGAL4 | IPGAL3 ! IPGAL2 ! IPGAL1 | IPGALO
0CH | Lch Digital ATT Control ATTL7 | ATTL6 | ATTL5 | ATTL4 | ATTL3 ! ATTL2 | ATTLL ! ATTLO
ODH | Rch Dgital ATT Control ATTR7 | ATTR6 | ATTR5 | ATTR4 | ATTR3 | ATTR2 | ATTR1 ! ATTRO
0EH | Volume Contral ATTM | ATTS2 | ATTSI { ATTSO: 0 : 0 + 0 ' 0
OFH | Rch InputPGA Conrol 0 | IPGAR6 | IPGAR5 | IPGAR4 | IPGAR3 | IPGAR2 | IPGARL | IPGARO
10H | Power Management 3 0 0 0 INR INL | PMIPGR | PMMICR | PMADR
PDN pin = “L” reset the regstas to thér default values.
Note: Unused bits must contan a“0” value.
Note: Orly write to address O0H to 10H.
MS0202-E-04 2005/04
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B Register Definition s

Addr | Register Name D7 : D6 ! D5 : D4 ! D3 : D2 | D1 ! DO

00H | Powe Management1 | PMVCM | PMBPS | PMBPM ! PMLO | PMMO ! PMIPGL | PMMICL | PMADL
R/W RW | RW | RW | RW | RW | RW | RW | RW
Default 0 : 0 0O ! O { O { 0 ! 0 ! 0

PMADL: ADC Lch Block Power Control
0: Power down (Default)
1: Powerup
When the PMADL or PMADR bit changes from“0” to “1”, the initidizaion cycle (2081fs=47.2n%
@44.1kH3 starts. Afte initiaizing, digital dat of the ADC is output

Analog Digital
PMADL | PMADR Lch Reh LR
0 0 Power down | Power down | Power down
0 1 Power down Power up Power up
1 0 Power up Power down Power up
1 1 Power up Power up Power up

Table 22. ADCBIlock Power Contol

PMMICL: MIC Power and IPGALch Block Power Contol
0: Power down (Default)
1: Powerup

PMIPGL: IPGA Lch Block Power Gontrol
0: Power down (Default)
1: Powerup
IPGA Lch Block is poweedup if PMMICL or AMIPGL bit is “1” (seeTable 23).

PMMICL | PMIPGL MI C-Amp IPGA
0 0 Power down Power down
0 1 Power down Power up
1 0 Power up Power up
1 1 Power up Power up

Table 23. MIC-Amp and IFGA Lch Block Powe Control

PMMO: MonoLine Out PoweContol
0: Power down (Default)
1: Powerup

PMLO: StereoLine OutPower Control
0: Power down (Default)
1: Powerup

PMBPM: Mono BEEPIn Power Control
0: Power down (Default)
1: Powerup
Even if PMBPM= “0", the path is still conneded between BEEPM and HP/SFK-Amp. BPMHP and BPMSP
bits shoull besetto “0” to disconnetthesepats, respetively.

PMBPS Stereo BEEPINn Power Contol
0: Power down (Default)
1: Powerup
Even ifPMBPS="0", the pah is stll conneted betveen BEER./R and HPEFK-Amp. BPSHPand BPSSP
bits shoull besetto “0” to disconnetthesepats, respetively.

MS0202-E-04 2005/04
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PMVCM: VCOM Block Power Contol
0: Power down (Default)
1: Powerup

Each block can be poweed downrespetively by writing“0” in each bit. When the PDNpinis“L”, al bloks are
poweed down.

Whenall bits excgpt MCKPD bit are“0” in the 00H, 01H ad 10H addreses, al blodks ae poweed down. The
register vaues remain unchanged. IPGAjain is reset when PMMICL=PMMI CR=PMIPGL=PMIPGR= “0" (refer
to the IPGAL6-0 and IP@G\R6-0bits descripion).

When ay of the blocks are poweed up,the IMVCM bit must be setto “1”.
MCLK, BICK ard LRCK must always ke present unlessPMMICL=PMMI CR=PMIPA.=PMIPGR=PMADCL

=PMADR=PMDAC=PMSPK= “0” or PDN pin =“L". The pahs from BEEP to HP-Amp and $K-Amp can
opeate withoutthese clocks.

Addr | Registe Name D7 ! D6 : D5 : D4 ' D3 ! D2 ! DL | DO

01H | Power Management2 | MCKPD ! PMXTL | PMPLL ! SPKG ' PMSPK ! PMHPL ! PMHPR ! PMDAC
R/W RW ' RW ! RW ! RW ! RW | RW | RW ! RW
Default 1 : 0 : 0 : 0 : 0 : 0 : 0 : 0

PMDAC: DAC Block Power Control
0: Power down (Default)
1: Powerup

PMHPR: Rch of Headphone-Anp Conmon Voltage Powe Control
0: Power down (Default)
1: Powerup

PMHPL: Lch of HeadphonéAmp Common VoltagePower Contol
0: Power down (Default)
1: Powerup

PMSHK: Speker Block Power Gontrol
0: Power down (Default)
1: Powerup

SFKG: Sekct Speake-Amp OutputPowe (8Q2 load)
0: 150mWV (Defaut)
1: 300MN/(ALC2 = “0") or 250mN(ALC2 = “1")

PMPLL: PLL Block Pover Contol Seled
0: EXT Modeand Pwer down(Default)
1: PLL M odeandPowe up

PMXTL: X'ta Oscilation Bock Power Gontrol
0: Power down (Default)
1: Powerup

MCKPD: XTI pin pull down control

0: Master dock inputenable
1: Pull downby 25k (Default)

MS0202-E-04 2005/04
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Addr | Regster Name D7 : D6 ! D5 ! D4 @ D3 ! D2 ! DI : DO

02H | Sigrel Sdect 1 MOGN ;| PSMO | DAMO ; MICM : BPSSP: BPMSP : ALCS : MOUT?2
RMW RW | RW | RW | RW | RW | RW | RW | RW
Default 0 i 0 i 0 i 0 i 0 i 0 i 0 i 0

MOUT2: MOUT2 Qutput Enable (Mixing =(L+R)/2)
0: OFF (Default)
1:ON
When he MOUT?2 bit = “0”, theMOUT?2 pin ouputs VCOM voltage TheMOUT?2 pin outputs signalat the
MOUT2 bit = “1”. This hit is valid atthe PMK bit = “1”. Hi-Z isoutput at tre PMSFK bit = “0”".

ALCS:  ALC2to Speake-amp Enabk
0: OFF (Default)
1:ON
ALC2 output signdis mixed b Speake-amp atthe ALCS bit = “1".

BPMSP: BEEPMto Spe&er-anp Enabke
0: OFF (Default)
1: ON
Mono BEEPsignal (BEERM pin) is mixed b Speaker-amp atthe BAMSPbit =“1".

BPSSP: BEEPL/BEEPRo Speakeamp Enabk
0: OFF (Default)
1:ON
Stereo BEEPsignak (BEEPLBEEPRpins)aremixed to Speer-anp a the BPSSPhit =“1".

MICM:  IPGA Lch to MOUT+/MOUT- Enabk
0: OFF (Default)
1: ON
IPGA Lch ouputsignd is outputthrough Mono Line Qutput (MOUT+/MOUT-pins) atheMICM bit = “1".

DAMO: DAC to MOUT+HMOUT- Enabk
0: OFF (Default)
1:ON
DAC outputsignd is outputthrough Mono Line Output (MOUT+MOUT-pins) & the DAMO bit = “1".

PSMO: MOUT+MOUT- Output Enabk (Mixing = (L+R)/2)
0: Power Save Mode (Defaul)
1: Normal Opeation
When the PSMO bit = “0”, Mono Line Outputis in power save mdeand theMOUT+ and MOUT- pins
output0.45 xAVDD voltage.

MOGN: Gain control for mono output

0: +6dB (Default)
1:-17dB

MS0202-E-04 2005/04
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[oans].
| i MOUT2 ALCS
L0 ™~0-
DAC ; | mix 00— - ALce —FO~O——p]
=00 ———p
Lo ! SPK
BPMSP ——P
BEEPM e —»
=2l
BEEPL - O~0-
BEEPR Lo~
Figure 45. Spédaer-anp switch contol
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Addr | Register Name D7 ! D6 ! D5 ! D4 ! D3 ! D2 ! DI ! DO
03H | Sigrel Sdect 2 DAHS @ PSLO : O : MICL : BPSHP: BPMHP : HPL @ HPR
RMW RW | RW | RD | RW | RW | RW | RW | RMW
Default o ! 0 ! 0 o : 0 | 0 1 7 1

HPR: Rch of Headphone-Anp Powe Control
0: Norma Opeation
1: OFHDefaut)

HPL: Lch of HeadphoneAmp Power Contol
0: Normal Opeation
1: OFHDefaut)

BPMHP: BEERM to Headphone-amEnadle
0: OFF (Default)
1: ON
Mono BEEPsignal (BEERM) is mixed to Hedphone-anp atthe BRMHP bit = “1”.

BP3HP: BEEHR./BEERR to Headphone-amEnabk
0: OFF (Default)
1:ON
StereoBEEPsignak (BEEPLBEEPR) is mixed b Headphone-ap atthe BPHP bit=“1".

MICL: IPGA Lch to Steren Line Output, Headphone-amand MOUT2 Enable
0: OFF (Default)
1:ON
IPGA Lch signalis mixed b Stereo Line Output, Headphoneamp and MOUT2 at the DAHS bit =“1".

PSLO: SdectLINEOUT
0: OFF. Powe-Save-Mode Oufput 0.45 xAVD D voltage. (Defaut)
1: Normal Opeation
PSLO bt is enable whenPMLO= “1".

DAHS: DAC to Stereo Line Output, Headphone-amandMOUT2 Endle
0: OFF (Default)

1: ON
DAC signalis mixed to Stereo Line Output, Hadphoneamp and MOUT2 at the DAHS bit = “1".
L~ > HPL
DAC : :
L O~0— —» HPL MUTE —
[, | _>
BPMHP

BEEPM o0 ®
[ epste |

BEEPL oo
i | > HPR
| ——p HPR MUTE —P>

BEEPR OO >

Figure46. Hadphone-ap switch control
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Addr | Register Name D7 ! D6 ! D5 ! D4 ! D3 ! D2 D1 DO
04H | Mode Control 1 PLLL : PLLO : PS1 : PSO : MCKO : BF DIF1 DIFO

RIW RW | RW | RW | RW | RW | RW RW RIW
Default 0 ' 0 ' 0 ' 0 0 0 1 0
DIF1-0: Audio Interface Format Sdect (see Tabke 13)
Defaul: “10” (ADC: 1S, DAC: I°S)
BF: BICK frequencySdectat Master Mode
0: 64fs (Default)
1:32fs
This bitis invdid in slave node.
MCKO: Maste Clock Ouput Enabé
0: Disable (Defaut)
1 Enable
PSL-0: OutputMaste Clock Seéct (see Tabk 4 Table 8)
Defaul: “00” (256fs)
PLL1-0: InputMaster Clock Seled atPLL Mode(see Tabke 2
Defaut: “00” (12.288MHz)
MS0202-E-04 2005/04
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Addr | Regiger Name D7 ! D6 ! D5 ! D4 ! D3 ! D2 ! D1 ! DO
05H | Mode Cortrol 2 FS2 . FS1 : FSO : O : O : HPM : LOOP : SPPS
RMW RW | RW | RW | RD | RD | RW | RW | RMW
Default o ' 0 ! 0 : O0 ! 0 ! 0 . 0 | 0

SPPS Spe&er-anp Power-Sae-Mode
0: Power Save Mode (Defaul)
1: Normal Opeation
When te FPPShit =“1”, the Speker-anp isin powe-save-mode and the SFP pn becones Hi-zandSPN pin
is setto HVDD/2 voltage. Whente PMSFK bit = “1", this bit is vdid. After the PDN pin changesrom “L”
to“H”, the PMSKK bit is“0”, which powersdown $eake-amp.

LOOP. LoopbackON/OFF
0: OFF (Default)
1 ON
Whenthis bit is“1”, the ADC outputis passedo the DAC inputinternaly. The exérnalinput daato DAC is
ignored.

HPM: Mono ouput sekctof Headphone
0: Stereo (Default)
1:Mono.
Whenthe HRM bit = “1”, (L+R)/2 signds ae ouput © Lch and Rb of theHeadphoneanp. Both PMHPL
and MHPR bits shoull be“1” when HPM bit is“1”.

FS2-0: Sanpling frequeng modes (see Table 3, Tabé 7)
Defaul: “000” (fs=44.1kH2

MS0202-E-04 2005/04
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Addr | Register Name D7 D6 ! D5 ! D4 : D3 D2 DI ! DO
06H | DAC Control T™M1 TMO : SMUTE : DATTC @ BST1 BSTO @ DEM1 @ DEMO

RIW RIW RW | RW | RW | RW RIW RW | RW
Default 0 0 0 1 ' 0 0 0 1

DEM1-0: De-enphases respongseeTable 16)

Defaut: “01” (OFF)

BST1-0: SdectLow Frequécy Boost Funton (see Tale 17)

Defaut: “00” (OFF)

DATTC: DAC Digital Attenuabr Contol Mode Select
0: Independat

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

TM1-0:

1: Dependeat (Default)

When DATTC= “1", ATTL7-0 bitscontrol both Lch ath Rch at sane time. ATTR7-0 bitsare not changed

whenthe ATTL7-0 hts arewritten.

Soft mute operdion is indgpendenbf digital atenuaor and s perfornmed in thedigital domain.

MS0202-E-04
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SoftMute Time Seled (see Table 24)
Defaul: “00” (1024fs)

Default

TM1 TMO Cycle
0 0 1024fs
0 1 512fs
1 0 256fs
1 1 128fs

Table 24. Soft Mut Time Setting
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Addr | Register Name D7 ! D6 ! D5 ! D4 ! D3 ! D2 ! D1 ! DO

07H | MIC/HP Control 0 : 0 : IPGAC | MPWRE | MPWRI | MICAD | MSEL : MGAIN
RIW RD | RD | RW | RW | RW | RW | RW | RW
Default 0o ! 0 ! 0 ! 0 0 0 0 1

MGAIN: 1% Mic-anp Gain contol
0: 0dB
1: +20dB (Default)

MSEL:  Microphonesekct
0: Internal MIC (Defautl)
1: External MIC

MICAD: Switch Contol from Mic In to ADC
0: OFF (Default)
1: ON
ALC1 oufput signd is inpu to ADC when MICAD bit = “1”.

MPWRI: Powe Suppy Control for Iniernal Microphone
0: OFF (Default)
1:ON
Thesdting of MPWRI is enabled when RMMICL bit =“1".

MPWRE: Powe Suppl for External Microphone
0: OFF (Default)
1: ON
Thesdting of MPWRE is endled when PMMICL bit =“1".

IPGAC:IPGA ControlMode ®led
0: Dependat (Default)
1:Independat

WhenIPGAC="“1", IPGAL6-0 bits contol both Lch and Rb at sane time. IPGARG6-0 bis are not chaged

when the IPGAL6-0 bits are written.

MS0202-E-04
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Addr | Regiger Name D7 D6 ! D5 D4 : D3 ! D2 ! D1 DO
08H | Timer Sdect 0 ROTM : ZTM1 : ZTMO : WTM1 ;| WTMO : LTM1 : LTMO

RW RD RW RW RW | RW | RW | RMW RW
Default 0 0 | 0 0 0 | 0 0 0

LTM1-0: ALC1 limiter operdion periodat zerocrossing disable (ZELM bit “1”) (see Table25)
TheIPGA value is changedimmediately. Whenthe IPGAvalue is changed ontnuousy, the change is done

by the period speified by the LTM1-0 bits. Ddault is “00” (0.5fs).

ALC1 Limiter Operaion Peiod
LTM1 LTMO 8kHz 16kHz 44.1kHz
0 0 0.5/fs 63us 3lus 1lus
0 1 1/fs 125us 631s 23us
1 0 2/fs 250us 12%us 45us
1 1 4/fs 500us 25Qis 9lus

Default

Table 25. ALQ Limiter Operaibn Period akzero crossinglisable (ZELM bit = “1”)

WTM1-0: ALC1 Recovey Waiting Paiod (s& Table 26)
A peiod of recoveryoperaton when anyimiter opaation does not oaar during he ALC1 operéon.

Defaul is“00” (128fs).

ALC1 Remvery Operaion Waiting Period
WML WTMO 8kHz 16kHz 44.1kHz
0 0 128/fs 16ns 8ms 2.9m8
0 1 256/fs 32nms 16ns 5.8m8
1 0 512/fs 64nms 32nms 11.6ns
1 1 1024fs 128s 64ns 23.2ns

Table 26. ALC1 RecoveryOpeaation Wating Reriod

Defaut

ZTM1-0: Zerocrosshgtimeout for thewrite operéion bythe uP, ALClrecovery, andeo crossingenable (ZELM

bit = “0") of the ALC1 operabn. (see Table 27)
Whenthe IPGA of eachL/R channet performzero crossing ottimeout independetly, the IPGA value is
change bythe uP WRITE operation, ALC recovey operation or AIC1 limiter operation (ZELMbit = “0”).

ROTM:

Defaul is“00” (128fs).

Zero Crossing Tineout Period
ZTM1 ZTMO 8kHz 16kHz 44.1kHz
0 0 128/fs 16nms 8ms 2.9ns
0 1 256/fs 32ns 16ms 5.8ns
1 0 512/fs 64nms 32ms 11.6ns
1 1 1024fs 128ns 64ns 23.2nms

0: 2048fs (Defaul)
1:512fs

MS0202-E-04
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Addr | Regiger Name D7 ! D6 ! D5 ! D4 ! D3 ! D2 ! D1 ! DO
09H | ALC Mode Control 1 0 : ALC2 : ALCl : ZELM : LMAT1 : LMATO ; RATT : LMTH
RW RD | RW | RW | RW | RW ! RW | RW | RW
Default 0 ' 1 0 | 0 0O | 0 ! 0 0

LMTH: ALC1 Limiter Detection Levd / Recovey Waiting Couner ResetLevel (seeTable 28)
The ALCIL limiter deedion level and he ALC1 recoverycouner resetevel may be offsetby about+2dB.

Default is“0”.
LMTH ALC1 Limiter Detedbn Level AL C1 Recovery \&iting Caunter Reset Level
0 ADC Input> -6.0dBFS —6.0dBFS > ADC Input> -8.0dBFS Default
1 ADC Input>—-4.0dBFS —4.0dBFS > ADC Input> —6.0dBFS

Table 28. ALC1 Limiter Detecion Level / RemveryWaiting Counte Rese Levd

RATT: ALC1 Recovey GAIN Step(seeTable 29)
During the ALC1 recovey operaion, thenunmbe of seps chaged from the currentiPGA value is set For

exanple, when he currentlPGA vale is 30H and RATTbit = “1” is sd, theIPGA changeto 32H by the
ALC1 remveryopeationandthe outputsignd level isgainedup by1dB (=0.5dBx 2). When lhe IPGAvalue
exceeds he referencelevel (REF6-0 bts), the IPGA value does notncresse.

RATT GAIN STEP
0 1 Default
1 2

Table 29. ALC1 Rcovey Gan Step Setting

LMAT1-0: ALC1Limiter ATT Step (sed able30)
During the ALC1 limiter opeation, wheneither Lch or Rch exceedsthe ALC1 limiter deedion level sd by

LMTH, the nunber of seps aenuaed from the curreit IPGA vale is se¢. For exanple, when the current
IPGA value is 47H and the LM AT1-0 bits = “11”, the IPGA transtion © 43H when he ALCL limiter
operdionstarts, resutingin theinput sgnallevel bang atenuated by2dB (=0.5dB x 4). Wherhe atenuaion

value exceeds IPGA= “00" (-8dB), itclips © “00”.

LMAT1 | LMATO ATT STEP
0 0 1 Default
0 1 2
1 0 3
1 1 4

Tabe 30.ALC1 Limiter ATT Step Séting

ZELM: Enable zer@rossing detean at ALCL Limiter operation
0: Enalde (Defaut)

1: Disable
Whenthe ZELM bit = “0”, the IPGA of each L/Rchannelperforma zerocrossing or tirsout independently

and he IPGA value is changed bythe ALC1 opeation. Thezero aossing imeout is the sane as the ALC1
recovery operatin. When theZELM bit = “1”, the IRGA valueis changed immediately.
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ALC1: ALC1 Enabk Flag
0: ALC1Disable (Default)
1 ALC1 Enable
ALC1 isendled when ALC1 bit is“1”. Default is “0"(Di sabk).

ALC2: ALC2 Enabk Flag
0:ALC2Disable
1: ALC2 Enabk (Defaul)
ALC2 isendled after initidli zaion cycle(2048/fs=46.4m@fs=4.1kH2. Thisinitializaion cycle statswhen
PMSPK bitis changd from “0” to “1”. Defaut is “1” (Enabg).

Addr | Regiger Name D7 ' D6 D5 | D4 + D3 | D2 ! D1 | DO
0AH | ALC Mode Control 2 0 | REF6 : REF5 ' REF4 : REF3: RBF2 ! REF1 : REFO
RMW RD | RW ! RW ' RW ! RW ' RW ' RW ' RMW
Default 0 i 0 o1 1 0 1 1 0

REF6-0: Referencevaue a ALC1 Recovey Operation (se€Table 31)
During the ALC1 remveryopeaation, if theIPGA value exceedsthe seting referace \alue by gain opaation,
then the IPGA doesnotbe@me larger than the refeene value. For exanple, when REF-0 = “30H", RATT
= 2step, IPGA = 2, evan if the input sgnaldoes not exceed he “ALC 1 Remvery Waiting Counér Reset
Level’, thelPGA doesnotchangeto 2FH + 2sep = 31H, and keeps 30H. Defaid “36H".

GAIN (dB)
DATA (HEX TEP
( ) MIC Input LINE Input S
47 +27.5 +12.0
46 +27.0 +11.5
45 +26.5 +11.0
36 +19.0 +3.5 Default
2F +15.5 +0.0
10 +0.0 -15.5 0.5dB
06 -5.0 -20.5
05 -5.5 -21.0
04 -6.0 -21.5
03 -6.5 -22.0
02 -7.0 -22.5
01 -7.5 -23.0
00 -8.0 -23.5

Table 31. Sdatng Referene Vale atALC1 Remvery Operaion
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Addr | Regiger Name D7 ! D6 ! D5 ! D4 ! D3 ! D2 ! D1 ! DO
0BH | Lch Input PGA Cortrol 0 : IPGAL6 : IPGAL5 ; IPGAL4 : IPGAL3 : IPGAL2 : IPGALL ; IPGALO
OFH | Rch InputPGA Contol 0 ! IPGAR6 ! IPGAR5 ! IPGAR4 | IPGAR3 | IPGAR2 | IPGAR1! IPGARO

RW RD ! RMW RW RW | RMW RW | RW ! RMW
Default 0 ! 0 0 1 . 0 0O ' 0 0

IPGALG6-0: Lch InputAnalog FGA (seeTable 32)

IPGARG6-0: Rch InputAnalog FGA (seeTable 32)

Defaul: “10H” (0dB)

When IPGA gainis changedIPGAL6-0 and IPGAR6-0 li$ should bevritten while MMICL, PMMICR,
PMIPGL or PMIPGR hitis“1” ard ALCL1 bit is “0”. IPGA gain is rese¢ when PMMICL=PMMI CR=PMIPGL
=PMIPGR=“0", and then IPGAoperdion starts from the default vdue when PMMICL, PMMICR, PMIPGL
or PMIPGRDbit ischangd to “1”. When ALC1 bt is chaaged from“1” to “0", IPGA holds helastgan value
setby ALC1 operaion. When IRGAL6-0 and IRSARG6-0 bits areread, theegiste values writen by thelast
write opaation aeread outregadless he acud gain.

GAIN (dB)
DATA (HEX) MIC Input LINE Input STEP
47 +27.5 +12.0
46 +27.0 +11.5
45 +26.5 +11.0
36 +19.0 +3.5
2F +15.5 +0.0
10 0.0 -15.5 0.5dB Default
06 -5.0 -20.5
05 -5.5 -21.0
04 -6.0 -215
03 —6.5 —22.0
02 -7.0 -22.5
01 -7.5 -23.0
00 -8.0 -23.5
Table 32. InpuiGan Sdting
Addr | Regiger Name D7 : D6 | D5 D4 | D3 D2 ' D1 ! DO

OCH | Lch Digital ATT Control ATTL7 | ATTL6 ! ATTLS

" ATTL4 @ ATTL3

" ATTL2 ! ATTL1 ! ATTLO

ODH ] Rch Digital ATT Contrdl ATTR7 : ATTR6 : ATTR5 :

ATTR2 | ATTR1 : ATTRO

ATTR4 : ATTRS :

RW RW | RW | RMW RIW | R/W RW | RW | RW
Default 0 5 0 ) 0 0 0 0 ! 0
ATTL/R7-0: Digital ATT Output Control(see Table 18)
Defaut: “O0H” (0dB)
MS0202-E-04 2005/04
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Addr | Register Name D7 D5 ! D4 ! D3 ! D2 ! D1 DO
OEH | Volume Control ATTM ATTS2 ATTSL | ATTSO | 0 . 0 . 0 0

RIW RW RW | RW : RD : RD | RD RD
Default 0 0 0 A 0 A 0 A 0 0
ATTS2-0: Attenuabr sdectof signalfrom IPGA Lch to Stereo Mxer. (See Table 33)
ATTS2-0 Atenudion

7H -6dB

6H -9dB

5H -12dB Default

4H -15dB

3H -18dB

2H -21dB

1H —24dB

OH -27dB

Table 33. Atenuabr Table
ATTM: Attenuabr contol for signalfrom IPGA Lch to MonoMixer
0: OFF. @B (Defaut)
1: ON. -4dB
MS0202-E-04 2005/04
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Addr | Register Name D7 D6 | D5 D4 D3 ! D2 ' D1 ! DO
10H | Power Management 3 0 0 : 0 INR INL : PMIPGR @ PMMICR ;| PMADR
RIW RD RD | RD R/IW RW | RW | RW | RMW
Default 0 0 ! 0 0 0 ! 0 0 ' 0

PMADR: ADC Rch Block Powe Control
0: Power down (Default)

1: Powerup

When thePMADL or PMADR bit changes from“0” to “1”, the initidizaion ¢/cle (2B1fs = 47.2ns
@44.1kH3 starts. Afte initidizing, digital dat of the ADC is output

Analog Digital
PMADL | PMADR Leh Reh LR
0 0 Power down | Power down | Power down
0 1 Power down Power up Power up
1 0 Power up Power down Power up
1 1 Power up Power up Power up

Table 34. ADCBIlock Power Contol

PMMICR: MIC Power and IPGARch Block Powe Control
0: Power down (Default)

1: Powerup

PMIPGR IPGA Rch Block Pover Contol
0: Power down (Default)

1: Powerup

IPGA Rch Blockis powered upf PMMICR or EMIPGRDbit is“1” (seeTable 35).

PMMICR | PMIPGR MIC-Amp IPGA
0 0 Power down Power down
0 1 Power down Power up
1 0 Power up Power up
1 1 Power up Power up

INL:

Table 35. MIC-Amp and IRGA Rch Block Pover Contol

IPGA Lch InputSeka

0: MIC input (LIN1: Default)

1: LINE input (LIN2)

INR:

IPGA Rch Input Select

0: MIC input (RINZ1: Defaut)

1: LINE input(RIN2)
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| SYSTEM DESIGN |

Figure47 shows the systemconnecion diagran for the AK4537. An evaluaion board [AKD4537]is avaiable which
denonstraés he opimum layout, powersupplyarrangerents and measurenentresuls.

LLLLLIIII

T T LIEL [
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—2]
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Eglls
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BEEPL

RINL| ]
a
BEEPR EI—«/W—(

RIN
MOUT+
MOUT-

LOUT
ROUT
MOUT2
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:
£ N
N
=
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=
o
o]

L 8Q + P
MICOUT HPL |38 —— 0.22u
1n R g
H 3 [exTmcr HPR[37}—— €7109
2.2k
4 |MPE HVSS |36
2.2k 0.1n ZZ 10y Analog Supply
5 |MPI HVDD| 35 - 2.4-36V
1n
H e [inT/ SPN|34
MICL - 82
=~ Top View ==
Analog Supply AVSS m/s
2.4~36V
— AVDD XTIUMCKI
< - 10|PVDD XTO
10pn 0.1p
11|PVsS DVSS
me—12|vcoc DVDD
4 T [13]ne 3 g < NC
< N 9’
8z 552,88 355 &
< o o O o o © E 5 3 O O o
O o O O O O o » »w 4J o = Z
] Tl o] ol o] o] o] e ] o T
4 A A A A A A 4
!
Reset
VY Y
DSP and uP
Notes:
- AVSS, DVSS, PVSSand HVSS of theAK 4537 should be distbuted separdely from theground of exaérnd
controllers.

- Valuesof R and Cin Figure47 shoull depad onsystem
- All inputpinsshout not beleft floaing.

Figure 47. Typtd Connecton Diagram
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1. Grounding and Power Supp ly Decoup ling

TheAK 4537 requirescareful attention to powersuppy and goundng arangements. AVDD, DVDD, PvDD and H/DD
are usudly suppled fromthe systenis analog supply If AVDD, DVDD, PvDD andHVDD aresuppled sepaately, the
corre¢ power upseguenceshoutl beobsrved. AVSS, DVSS, P/SSand HVSSof the AK4537 shoud beconnetedto
the analog groundplane. §stem andog ground ad digital ground shou beconnectedogether near b wherethe
supplies arebrought ontohe printed circuit board.Decouping cgpaciors shoull beas nea to the AK4537 aspaossble,
with the small value ceramic capadtor being the neaest.

2. Voltag e Reference

VCOM isasignd 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
AK4537.

3. Analog Inputs

TheMic, Line and Beepinputs ae single-endel. The nputsignalrangescaks with nominally a 0.06x AVDD Vpp for
the Micinputand 0.6 XAVDD Vpp for the Beepinput, @ntered around he internal common vokage (0.45 xAVDD).
Usualy theinpu signalis AC coupled using acgpactor. The cutoff frequeng is fc =(1/2rRC). TheAK4537 can acept
input volges from AVSS to AVDD.

4. Analog Outpu ts
Theinputdaaformat for the DAC is 2's complement. The ouputvoltageis apostive full scakfor 7FFFH(@16bi) and
anegaitve full scde for 8000H(@16bjt Mono ouput fromthe MOUT2 pin and Mono Line Outputfrom the MOUT+

and MQJT- pins arecentered at 0.45 xAVDD . TheHeadphoneAmp and Speker-Amp output are cenéred at
HVDD/2.
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| CONTOROL SEQUENCE |

® Power up

Uponpower-up bring the PDN pin = “L”. Initidizethe internal registe's to default valuesafter the PDN pin = “H”. Se
the following regstes 1 estblish theinitial condtion.

Pow er Supply 1 Example :
Audio I/F Format : I°S
BICK frequency at Master Mode : 64fs

PDN pin : ! 2 ! Input Master Clock Selectat PLL Mode : 11.2896MHz
(1) Power Supply ‘

PMV CM bit

(Addr:00H, D7) ‘ (2) PDN pin = “L” — *H” ‘
MOUT2 bit \

(Addr-02H, DO) | (3)Addr:00H, Data 80H |

ALCS bit J/

(Addr:02H, D1) —l ‘ (4) Addr:02H, Data 03H ‘

(5)
DAHS bit | J
(Addr:03H, D7) ‘ (5) Addr:03H, Data 83H ‘

XX J/

‘ (6) Addr:04H, Data 42H ‘

(Addr:04H, D1-0)

X
(Adc?r:'(:mzi,t D2) 0 >< X
X

PLL1-0 bits 00
(Addr:04H, D7-6)

XX

Figure48. Pover Up Sequence

<Example>

(1) Power Supply
(2) PDN pin = “L" — “H”"

“L” time of 150rs or noreis needed o resetthe AK4537.
(3) Power upVCOM : PMVCM bit = “0” — “1”

VCOM should frstbe powered upefore he otherblock operées.
(4) Set up regster 02H: MOUT2 bit = ALCS bit = “0” — “1”

Sd theMOUT2 and ALCShitsto “1” when ushg theSpeake-amp.
(5) Set up regster 03H: HPL bit= HPRbit =“1" — “0”, DAHS bit = “0” — “1”
(6) Set up regster 04H

¢ DIF1-0 bits set theaudio interface format

¢ BF bit ses BICK output frequency in master node.

e PLL1-0 bissetMCLK inputfrequeng in PLL mode.
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B Clock Setup
When ADC, DAC, ALC1 and ALQ2 are usd, theclodks (MCLK, BICK and LRQK) mustbe suppled.

1.When X1ta isused in PLL mode (Save node)

MCKPD bit
Example :
(Addr:01H, D7) Aud\cpI/F Format : I’S
(@) BICK frequency at Master Mode : 64fs
i | M Clock Sel PLL Mode :11.2896MH
PMXTL bit C?Etuptut as;:{er gtl:ock T:reecc: uaetncy H Bffse ‘
(Addr:01H, D6)
I @)
20 1) Addr:01H, Data:40H
PMPLL bit ) | (@) Addr ata |
(Addr:01H, D5) 1 40ms(max) | J
. ."—h. ‘ (2) Addr:01H, Data:60H ‘
MCKO bit | i 1
. [}
(Ader046. 539 ® ) ‘ (3) Addr:04H, Data 4AH ‘
MCKO pin ' Output N
® ‘ (4) MCKO output starts ‘
BICK, LRCK Input N
(Slave Mode) ‘ (5) BICK and LRCK input start ‘
. (6)
PS1-0 bits 00 XX J/
(Addr:04H, D5-4) >< ‘ (6) Addr:04H, Data 6AH ‘
Figure49. Clock St Up Sequene(l)
<Example>
(1) Rdeasehe pul-downof the XTI pin: MCKPD bit =“1” — “0” and power-ugthe X'ta oscil ator: PMXTL bit
= “Qr _y 41

(2) Power-up the PLL : PMPLL bit="0" — “1”
The R.L shouldbe poweed-up aftr the X'tal oscllator becones stble. It takes X’'td osdll ator 20ms(typ) to
bestable after PMXTL bit="1". Thistime dep&dson X'tal. PLL needs 40rslock time the RAMPLL bit =“0"
— 1",

(3) Enabke MCKO output: MCKO bit =“0" — “1”

(4)MCKO isoutput afte PLL becones stble.

(5) Input BICK and LRCK synchronied with the MCKO output.

(6) Se the MCKO outputfrequency (PSL-0 bits)
If PSL-0bits are changed béore LRCK isinput, MCKO isnot output PSL-0 bits shout bechangedafter
LRCK isinput
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2.When Xtd isused in PLL mde (Mastr mode)

MCKPD bit Example : ,
Addr:01H, D Audio I/F Format : I°S
(Addr:01H, D7) BICK frequency at Master Mode : 64fs
Q Input Master Clock Select at PLL Mode : 11.2896MHz
PMXTL blt Output Master Clock Frequency : 64fs

(Addr:01H, D6)

‘ (1) Addr:01H, Data:40H ‘

20ms(typ) (2

PMPLL bit \

(Addr:01H, DS) ' €« T ‘ (2) Addr:01H, Data:60H ‘

MCKO bit L l /

(Addr:04H, D3) o : ‘ (3) Addr:04H, Data 6AH ‘

3
PS1-0 bits 00 >< I XX J
(Addr:04H, D5-4) : ‘ (4) MCKO, BICK and LRCK output starts ‘
()

MCKO pin " Output

BICK, LRCK Output

(Master Mode)

Figure50. Clock St Up Sequene(2)
<Example>
(1) Release he pull-down of tie XTI pin : MCKPD bit =“1" — “0” and ad power-uphe X'tal oscllator: PMXTL
blt = UOH _) Hl”

(2) Power-up PLL : PMPLIbit =“0" — “1”
The AL shouldbe poweed-up aftr the X'tal oscllator becones stble. It takes X'td osdll ator 20ms(typ) to
bestable after PMXTL bit="1". Thistime dep&dson X'tal. PLL needs 40rslock time the RMPLL bit =“0"
- 1",

(3) Enabke MCKO output: MCKO bit = “0” — “1” and setup MCKO output frequeng (PS1-0 bts)

(4)MCKO, BICK and LRCK are ouput after PLL lock time.
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3.When an exdrnd clock is used in PLL mde (Slave mode)

Example :
. 1 Audio I/F Format : I’S
MCKPD bit @ BICK frequency at Master Mode : 64fs
(Addr:01H, D7) Input Master Clock Select at PLL Mode : 11.2896MHz

Output Master Clock Frequency : 64fs

)

External MCLK Input ‘ (1) Addr:01H, Data:00H ‘
® \
PMPLL bit ‘ (2) Input external MCLK ‘
(Addr:01H,D5) | 40 ,
N — > ‘ 3) Add Olj/D ta 20H ‘
. ! T B
MCKO bit ! (8) Addr i a
(Addr:04H, D3) !
@ ® ! ‘ (4) Addr:04H, Data 4AH ‘
MCKO pin ' Qutput N
‘ (5) MCKO output starts ‘
BICK, LRCK ©) Input N
(Slave Mode) .
@ ‘ (6) BICK and LRCK input start ‘
PS1-0 bits 00 XX |
(Addr:04H, D5-4) ‘ (7) Addr:04H, Data 6AH ‘

Figure51. Clock St Up Sequene(3)

<Example>
(1) Release thepull-down d the XTI pin : MCKPD bit = “1” — “0”
(2) Input an ex@érnal MCLK
(3)Power-up PLL : PMPLLbit =“0" — “1”
PLL needs40mslock time dter the PMPLL bit = “0” — “1”.
(4) EnabE MCKO output: MCKO bit = “0" — “1”
(5) MCKO is outputafter PLL lock time.
(6) Input BICK and LR tha synchronized in the MCKO output.
(7) Setup MCKO outputfrequeng (PS1-0 bts)
If PSL-0bits are changed béore LRCK isinput, MCKO isnot output PSL-0 bits shout bechangedafter
LRCK isinput
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4.When an ex@rnd clock isused in PLL mde (Mastr modeg

MCKPD bit —I Exar:plle : .
Audio I/F F HE
(Addr:01H, D7) BIUC}IffrequZLT;Iat Master Mode : 64fs
(1) Input Master Clock Select at PLL Mode : 11.2896MHz
Output Master Clock Frequency : 64fs
External MCLK 9/ Input
‘ (1) Addr:01H, Data:00H
) 3 J
PVPLL bit | (2) Input external MCLK |
(Addr:01H,D5) | 40ms(max) | nput externa
- >, 1
MCKO bit ' | : | (3)Addro1H, Data 204 |
(Addr:04H, D3) \ {
@ ! )
PS1-0 bits 0 S | (4) Addr:04H, Data 6AH
(Addr:04H, D5-4) J
5 ‘ (5) MCKO, BICK and LRCK output starts ‘
MCKO pin ©) Output
BICK, LRCK Ooutput

(Master Mode)

Figure52. Clock St Up Sequene(4)

<Example>
(1) Release thepull-down d the XTI pin: MCKPD bit = “1” — “0”
(2) Input an ex@érnal MCLK
(3)Power-up PLL : PMPLIbit =“0" — “1”
PLL needs40mslock time dter the PMPLL hit =“0" — “1”.
(4) Enabke MCKO output: MCKO bit = “0” — “1” and setup MCKO outputfrequency (PSL-0 bits)
(5)MCKO, BICK and LRCK are ouput after PLL lock time.

5. Extanal clock mode

MCKPD bit @ E);aljmopllﬁf ;form at: I’s
(Addr:01H, D7) BICK frequency at Master Mode : 64fs
Input Master Clock Frequency : 256fs
. (2) Output Master Clock Frequency : 64fs
FS1-0 bits 00 >< XX
(Addr:05H, D6-5) ‘ (1) Addr:01H, Data:00H ‘
S I MCLK < Input J
ernal npu ‘ (2) Addr:05H, Data 00H
BICK, LRCK 9/ Input ‘ (3) Input external MCLK ‘
(Slave Mode) \j
BICK, LRCK (5) Outout (4) Input BICK and LRCK(Slave)
(Master Mode) utpu (5) BICK and LRCK output(Master)

Figure53. Clock St Up Sequene(5)

<Example>
(1) Release thepull-down d the XTI pin: MCKPD bit = “1” — “0”
(2) Setup MCLK frequeng (FS1-0 bts)
(3) Input an ex@rnal MCLK
(4) In slavemode,inputMCLK, BICK and LRCK.
(5) In master mode,while MCLK isinput BICK andLRCK are output.
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B MIC Input Recordin g (Mono)

. Example :
FS2-0 bits  ggg XXX X'tal and PLL are used.
(Addr:05H, D7-5) Sampling Frequency : 8kHz
@ Mic Select : Internal Mic
Pre Mic AMP : +20dB
MIC Control MIC P o
(Addr:07H, D2-0) 00001>(2)< XXLXX ﬁtgé g%mgl :gefferlg) Figure 9
it = “1"(defau
ALCL Control 1 ™5 ¢ 00H | (1) Addr0sH, Data:EOH |
(Addr:08H)
® !
ALC1 Control 2 XXH 47H ‘ (2) Addr:07H, Data:0DH ‘
(Addr:0AH) @ \D
‘ (3) Addr:08H, Data:00H ‘
ALC1 Control 3 XXH >< 61H or 21H \b
(Addr:09H) !
®) ‘ (4) Addr:0AH, Data:47H ‘
ALC1 State ALC1 Disable ALC1 Enable |ALCl Disable \b
Ll : . .
OMADL bi i ‘ ©) Addr.OQl—\ILData.GlH ‘
(Addr:00H, DO)
©) = | (6) Addr00H, Data 831 |
PMMICL bit 2081/ s v
(Addr:00H, D1) ¢ ) ! ! ‘ Recording ‘
! |
ADC Internal Power Down | Initialize| Normal State | Power Down )\
State ‘ (7) Addr:00H, Data 80H ‘
Figure54. MIC InputRecording Sequene
<Example>

This sequereis an exaple of ALC1 seting atfs=8kHz. If the paameter of the ALC1 ischange, pleaserefer to
“Figure22. Registas sé-up sequeceat ALC1 operdion”

At first, clocks shoud be suppled acording to “Clock SetUp” sequene.
(1) Set up a sanpling frequency (F2-0 bits). When he AK4536 & PLL mode, MIC and ADCshoull be
poweed-up h consderaton of PLL lock time after a sanpling frequecy is changed.
(2) Set up MIC input (Addr: 07H)

(3) Set up Timer Seled for ALC1 (Addr. 08H)

(4) Set upREFvdue for ALC1 (Addr: 0AH)

(5) Set up LMTH, RATT,LMAT1-0, ALC1 bis (Addr:09H)

(6) Power Up MIC and ADC:PMMICL bit = PMADL bit =“0" — “1”
(In caseof stereo mic, PMMICR and MMADR bits also shoufl besetto “1”.)
The intidization cycletime of ADCis 2081fs=47.2ns@fs=44.1Kz.
After the ALC1 hit is setto “1” and MIC bbck is povered-up, the ALC1 operation starts from IPGA initial
value (0dB).

(7) Power Down MIC and ADC PMMIC bit = PMADC bit=“1" — “0”
(In caseof stereo mic, PMMICR and MADR bits also shoull besetto “0".)
When the registers forthe ALC1 opeation arenot dhanged, ALC1 dimay be keepng “1”. The ALC1
operdionisdisébled becaisethe MIC blod is powered-down. If he regstes for theALC1 operdion are &0
change when he sanpling frequeng is changeé, it shouldbe doneafter the AK4537 goes © the manual
mode (ALC1 bit = “0") or MIC blod is powered-down (PMICL bit = “0”). IPGA gan is resetwhen
PMMICL =PMM ICR=PMIPGL=PMIPGR="0", andthen IPGA operaion stats from the ddault value when
PMMICL, PMMICR, PMIPGL or PMPGR bitis changdto “1”.
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® Headph one-amp Outp ut

Example :
X'taland PLL are used.
Sampling Frequency : 44.1kHz
DATTC bit = “1"(default)
Digital Attenuator Level: -8dB
Bass BoostLevel: Middle
De-emphases response : OFF
Soft Mute Time : 1024/fs

(1) Addr:05H, Data:00H ‘

‘ (2) Addr:06H, Data 19H ‘

(;i%‘sggigi) 000 >< XXX | 3)AddrocH, Data 10H |
o @
BST1-0 bits [ (4)Addro1n, Data 61K |
(Addr:06H, D3-2) 00 >< XX >< 00 J
@ 12 ‘ (5) Addr:02H, Data 80H ‘
ATIL7-OBitS — gooooo0 XXXXXXX
(Addr:0CH ODH, D7-0)

‘ (6) Addr:01H, Data 67H

[©)

PMDAC bit | \
(Addr:01H, DO) ‘ (7) Release external Mute ‘

) 1 i

. ‘ Playback ‘
HPL/R bit | ® (10 7
(Addr:03H, D1-0)

‘ (8) Enable external Mute ‘

PMHPL/R bits 6) I©)
(Addr:01H, D2-1) ‘ (9) Addr:01H, Data 61H ‘
N
HPL/R pins Normal Output \ (10) Addr:02H, Data 83H \
(@] (8)

‘ (11) Addr:01H, Data 60H

External Mute J

‘ (12) Addr:06H, Data 11H ‘

Figure 55. Hedphone-Anp Output Sequence

<Example>

At first, clocks shou besuppled acordingto “Clock Set Up” sequence

(1) Set upasanpling frequeng (F2-0 bits) if PLL modeis usel.

(2) Set up thelow frequency boostlevel(BST1-0 bis)

(3) Set up thedigital volume(Addr : 0CHand ODH)
At DATTC bit = “1"(default), ATTL7-0 bits of Address 08 controlbothLch and Rclettenuation level.

(4) Power upDAC : PMDAC bit="0" —» “1”

(5) Power up hedphone-am: HPL bit = HPR bit =“1" — “0”
Output voltage of headlphone-anp is stil HVSS.

(6) Riseup thecommon voltage ofheadphone-am: PMHPL bit= PMHPR bit= “0" — “1”
The rising ime after powerup Headphone-amdependson te caactior value conneted with the MUTET
pin. When his capadtor value is 1.0uF, the time constant is tr = 100ns(typ), 250ns(Mex).

(7) Rdlease the external mute.

(8) Enable the exernd mute.

(9) Fall down thecommon voltage ofheadphone-am: PMHPL bit = PMHPR bit="“1" — “0”
The rsing time after powerup Healphone-anp depends othe capaitor value conneded with the MUTET
pin. When his capadtor valueis 1.0uF, the time constant is tf = 100ns(typ), 250ns(mex).
If the powe suppy is poweedoff or HeadphoneAmp is poweed-down beforé¢he ammmon vokage goego
GND, sone POP noise ocurs.It takes2times of 11 thatthe common voltege goes 1o GND.

(10) Powe down healphone-anp : HPL bit = HPR bit= “0" — “1”

(11) Powe down DAC : PMDAC bit =“1" — “0”

(12) Off the low frequencyboost ével (BST1-0 bits=“00")
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(Addr:05H, D7-5) A . _
xample :
X'tal and PLL are used
ALC2 bit Samphng‘Fieuqlienec);udakHz
(Addr:09H, D6 0 >(2)< X Digial Acts muator Lovel: ods
ALC1: Disable
ALC2 : Disable
ATTL7-0 bits
(Addr.0CH ODH, D7-0) 0000000 >< KXXXXXX ‘ (1) Addr:05H, Data60H ‘
@ N
PMDAC bit | ‘ (2) Addr:09H, Data 00H ‘
(Addr:01H, DO) N

@ ™ ‘ (3) Addr:0CH, Data 00H

AN | | §

‘ (4) Addr:01H, Data 69H

5 (6)

SPPS bit J
(Addr:05H, D0) ‘ (5) Addr:05H, Data 61H
i

SPP pin Hi-Z | Normal Output | Hi-Z | P'aimk |
‘ (6) Addr:05H, Data 60H ‘
SPN pin Hi-Z |HVDD/2| Normal Output |HVDD/2| Hi-Z N

‘ (7) Addr:01H, Data 60H

Figure 56 Spe&ker-Amp Ouput Sguence

<Example>
At first, clocks shou besuppled acordingto “Clock Set Up” sequence
(1) Set upasanpling frequeng (F2-0 bits) if PLL modeis usel.
(2) Set upthe ALC2 Enale/Disable(ALC2 bit)
(3) Set up thedigital volume(Addr : 0CHand ODH)

At DATTC bit = “1"(default), ATTL7-0 bits of Address 08 controlbothLch and Rclettenuation level.

(4) Power upof DAC andSpeder-anp : PMDAC bit= PMSHKK bit = “0” — “1”
The intidizing time of Spedker-anp is 2048fs=46.4ns @fs=44.1kHz.

(5) Exit the power-save-mdeof Spesker-anp : SPPShit = “0” — “1”

(6) Enter the power-save-ode of Speker-anp : SFPSbit =“1" — “0”

(7) Power down DAC and Spaker-anp : PMDAC bit = PMSKK bit = 1" — “0”
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B Stop of Clock
MCLK can bestopped when PMM IC=PMADC=PMDAC=PMSPK=“0".

1.When X'tal is use in PLL mode

0 Example :

(Y] . e

Audio I/F Format : I°S

BICK frequency at Master Mode : 64fs

Input Master Clock Select at PLL Mode : 11.2896MHz
Output Master Clock Frequency : 64fs

MCKO hit
(Addr:03H, D4)

|

PMXTL bit
(Addr:01H, D6)

) ‘ (1) Addr:04H, Data:62H ‘
V!

‘ (2) Addr:01H, Data:80H ‘

PMPLL hit
(Addr:01H, D5)

MCKPD bit
(Addr:01H, D7)

N

Figure57. Stop of dock Sequene(1)
<Example>
(1) Disabke MCKO output : MCKO bit =“1" — “0”
(2) PowerdownX'ta and RLL, Pul downthe XTI pin :
PMXTL bit = PMPLL bit =“1"— “0", MCKPD =“0" — “1”

2.When an exdrnd clock isused in PLL mde

Example :

a Audio I/F : I’S
. BICK f M Mode : 64f
MCKO bit Input szg;leerné)lloii siféii a!DPLeL Modse 1 11.2896MHz
(Addr:03H, D4) Output Master Clock Frequency : 64fs
@)
PMPLL bit ‘ (1) Addr:04H, Data:62H ‘
(Addr:01H, D5) \b
) 2) Addr:01H, Data:80H
MCKPD bit [ @ Ador aa |
(Addr:01H, D7)
@ ‘ (3) Stop external clock ‘
External MCLK Input
Figure58. Stop of Aok Sequene(2)
<Example>

(1) Stop MCKO output : MCKO bit =“1" — “0”

(2) Power down PLL Pull down the XTI pin : PMPLL bit="1" — “0”, MCKPD =“0" — “1”
When he externd MCLK becones Hi-Z or the external MCLK isinput by AC couplk, MCKI pin should be
pulled down.

(3) Stop an exérnd MCLK
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3. Extanal clock mode

MCKPD bit Example :
(Addr:01H, D7)
‘ (1) Addr:01H, Data:80H ‘

External MCLK Input \b
P ‘ (2) Stop external clock ‘

Figure59. Stop of Aok Sequene(3)

<Example>
(1) Pull down the XTI pin :MCKPD =“0" — “1”
Whenthe exernd MCLK becomes Hi-Z or the external MCLK isinputby AC coupk, MCKI pin shouldbe
pulled down.
(2) Stop an exdérnd MCLK

B Power dow n

Power down VGOM(PMV CM=“1" — “0") after all blocks exceptVCOM arepoweeddown and MCLK stops. The
AK4537 is abopoweaed-dow by PDN pin = “L”. When PDNpin =*“L", the regsters arenitialized.
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| PACKAGE

52pin QFN (Unit: mm)

0.20 +0.10
. + .
NAH . 0.60+0.10 020
'« 702010 i Tt -0 \ \f@o
1 52 : 40 i 140 : “52. 2 X
"”"::::::{/I/ IIIIIIIIIIIII:IIIIIIIIIIIII li 1“' UUUUUUMUUUUUUI\]O
10 L M1 H3e 39 . | S
i . 4-cos . =
u 3 u -
O O ]
8 S O O ]
o| o m u =
H o+ o E -3 =
N o H H — ]
~ o~ m K = —
- m 1 —
O O ] ]
u 3 u = -
13 3 n27 2741 7 3 . 13
. AR IIIIIIIIIIIIIXIIIIIIIIIIIII \’ﬂﬂﬂﬂﬂﬂmmmﬂﬂﬂﬂ’/
14 ‘ 26 26 1R E 14
—» iq— 040
~N®©O OO v
5 -8 88 i
o] . . il 018%0.05 [
o é é —> Dl oos|®)
+ :
o o
] vy .
- v

0.02 +0.03

Note) Thepartof blad at four cornerson reverseside nust not be sodered andmust be open.

W Material & Lead finis h
Padkagemolding compound:  Epoxy

Lea frame material: Cu
Leadframe surfacetreament:.  Soler (Pbfree) plate
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| MARKING |

AKM

AK4537VN
XAXXXXXX

O

1

XXXXXXX : Date code denifier (7 digits)
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Revision History |

Date (YY/MM/DD)

Revision

Reaon

Page

Contents

03/0203

00

First Edition

03/0324

01

Specchange:

33

Headphoneanp oscillation prevertion circuit
0.22uF+10Q2 — 0.224F+20% cepecitor and
10Q+20% resisor

Errorcorred:

5-6

Pin/Function
NC pin: “No internd bonding.” — “This pin
should be & floating.”

22

SystemClock
The folowing cautonisaso addedd EXT
mode
“If PSL-0bits arechanged before LRK is
input, MCKO is notoutput PSL-0 bits shoutl
bechange afta LRCK isinputin slave node.”

27/21

MIC-ALC Opeaation (ALC1Recovay Opeation)
“If both Lch and Rd inpu signds are bwer
than the “ALC1 Recovey Waiting Counter
Reset Lewl”, the ALC1 recovery operation
starts’

— “If Lch or Reh inputsignds are lower than
the “ALC1 Remvery Waiting Counter Reset
Level’, the ALC1 recovay opegation starts.”

56

Registe Definitions
ATTS20 hit: “O(OFF), 1(ON)” is removed.

59

Andog Input
“centred aroundthe internd common voltage
(approx. AvDD/2)”
— “centered around he internd common
voltage (0.45 x AVDD)”

59

Anaog Output
“Monooutputfrom the MOUT2 pin ard Mono
Line Output from the MOUT+ and MOUT-
pins are entered at AVDD/2.”
— “Monooutputfrom the MOUT2 pin and
MonoLine Outpufromthe MOUT+ and
MOUT- pins areentered at 0.45 xAVDD.”

03/0523

02

Error corret:

21

System Clock

“If the sanpling frequerty is changedand the
PLL goesto unlock state when the DAC is
operated(PMDAC bit="1"), the DAC data
shoull be softmuted or “0”. In cese ofthe
ADC(PMADL bit =“1" or PMADR bit =“1"),
the ADC daa acquired durhg the frequercy
changemay be eroneous and therefore shoutl
notbe usd.” isdeleted.
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Date (YY/MM/DD)

Revision

Reaon

Page

Contents

03/0523

02

Explanation
addiion:

27

Manud Mode

“When writing t© the IPGAL6-0 and
IPGARG6-0 bits ocontinually, the control
register &ouldbe written by arintervalmore
than zeo crossng timeoaut (the write
opaation interval between IPGAL6-0 and
IPGARG6-0 bits also should be more than zero
crossirg timeaout). When IPGAC bit is “0”, the
write opeation interval from IPGAL6-0 bits
to IPGARG-0 bits is o cae. Theefore, the
auto increment functionof 1°C bus is awilable
atIPGAC="0"." isaddd.

28

Exanple of ALC1 Operéion
“IPGA gain at ALC1 operaton startcan be
changed fromthe default value of IPGAL6-0
bits while PMMICL, PMMI CR, PMIPGL or
PMIPGR hit is “1” and ALC1 bit is “0”. When
ALC1 bit is changedfrom “1" to “0”, IPGA
halds the last gain value s¢ by ALC1
operdion.” is added.

43

Registe Definitions (PMBPM bit)
“Even if PMBPM="“0", the pah is sill
conneted béweenBEEPM and HRAmMp.
BPMHP bi shoud besé to “0” to disconnet
this path.”
— “Even if PMBPM="“0", thepah is stil
conneted béweenBEEPM and HRSPK-Amp.
BPMHP and BPM SPbits shoull bese to“0” to
dismnnectthese pdhs, respetively.”

43

Registe Definitions (PMBPSbit)
“Even if PMBPS= “0", the path is still
connetedbeween BEPL/R and HP-Amp.
BPSHP bit shoutl besetto “0” to disconnet
this path.”
— “Even if PMBPS="0", the pethis till
connetedbeween BEEPLR and
HP/SPK-Amp. BPSHP and BRSSP bis shold
besetto “0” to dismnnectthese pahs,
respedively.”

44

Registea Definitions (AddrH0H)
“IPGA gain is rese when
PMMI CL=PMM ICR=PMIPGL=PMIPGR=
“0”." isaddel.
“The pats fromBEEPto HP-Amp and
SHK-Amp can operia withoutthese abcks.”is
addel.
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Date (YY/MM/DD)

Revision

Reaon

Page

Contents

03/0523

02

Explanation
addiion:

55

Register Definitions (IFGAL6-0 and IPGARG-0

bits)
“When IPGA gan is changed, IRGAL6-0 and
IPGARG6-0 bits shoud be written while
PMMICL, PMMICR, PMIPGL or PMIPGR
bit is “1” and ALC1 bit is “0". IPGA gain is
reset when PMMICL=PMMICR=PMIPGL
=PMIPGR= “0”, and then IPGA operaton
stats from the default value when PMMICL,
PMMICR, PMIPGL or PMIPGR bhit is
change to “1”. When ALCL1 bit is changed
from “1” to “0”, IPGA hodlds the last gain
value sé by ALCl1l operaion. When
IPGAL6-0 and IPGARG-0 hits ar read the
regista vaues witten by the last write
opeaation are rad outregardless the adual
gan.” is added.

65

MIC Input Recording Sequence
Power Up MIC and ADC: “In case of stereo
mic, PMMICR and PMADR bits also shout
be set t0“1”.” is added.
Power Down MIC and ADC: “In case of
stereomic, PMMICR ard PMADR bits also
shoul besd to “0”.” isadded
“IPGA gain is rese¢ when PMMICL
=PMMIC R=PMIPGL=PMIPGR= “0”, ard
then IPGA opeation starts from the defaul
value when PMMICL, PMMICR, PMIPGL or
PMIPGR bit is changed to “1".” is added.

Explanation
change

28

Exanple of ALC1 Operéion
Table 15: IRGAL6-0,
IPGAR6-0=47H(+27.5dB}> 10H(0dB)
Figure22: Addr=0BH&0FH: Data=47H— 10H

65

MIC Input Recording Sequence
ALC1 Control 3 (Addr: OBH) Set up IPGA
value for ALCL: deleted.
“After the ALC1 bit is sd to “1” and MIC
block is powered-up, he ALC1 operaion
starts”
— “After the ALClbit is sé to “1” and
MIC block is powered-up, the ALC1L
operation strts from IPGA initial value
(0dB).”

04/1126

03

Explanation
addtion:

24

Audio Inteface Format
[WhenLOOP bit=“1", audio interface format
of SDTO Ekfixed b I°S regadlessof DIF1-0
bits seting.] is added.

32

HeadphoneDutput
Risefdl time constat: T = 250ns(max).
Time untl thecommon goes to HVS when
PMHPL/R bits=“1" = “0": 500ns(mex).

66

Headphone Outut Sejuence6), (9)
Risefall time constat: T = 250s(mex)
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Date (YY/MM/DD) | Revision | Reaon Page Contents
05/0427 04 Explanation 1 Featres
change SFK-AMP Output Power: 300mAV > 400mV

34-35 SHK-AMP
“Connecton Example for 400nW output is
addel.

IMPORTANT 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.

¢ 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. Ahazard 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 |t 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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