ASAHI KASH [AK4628

AKM AK4628
High Performance Multi- channel Audio CODEC

| GENERAL DESCRIPTION |
The AK4628 is a single chip CODEC that includes two channels of ADC and eight channels of DAC. The
ADC outputs 24bit data and the DAC accepts up to 24bit input data. The ADC has the Enhanced Dual Bit
architecture with wide dynamic range. The DAC introduces the newly developed Advanced Multi-Bit
architecture, and achieves wider dynamic range and lower outband noise. An auxiliary digital audio input
interface maybe used instead of the ADC for passing audio data to the primary audio output port. Control
may be set directly by pins or programmed through a separate serial interface.

The AK4628 has a dynamic range of 102dB for ADC, 106dB for DAC and is well suited for digital surround
for home theater and car audio. An AC-3 system can be built with a IEC60958(SPDIF) receiver such as
the AK4112B. The AK4628 is available in a small 44pin LQFP package which will reduce system space.

*AC-3 is a trademark of Dolby Laboratories.

FEATURES |

O 2ch 24bit ADC
- 64x Oversamp ling
- Sampling Rate up to 96kHz
- Linear Phase Digit al Anti-Alias Filter
- Single-Ended Input
- S/(N+D): 92dB
- Dynamic Range, S/N: 102dB
- Digital HPF for offset cancellation
- I/F format: MSB justifi ed, 1°S or TDM
- Overflow flag
O 8ch 24bit DAC
- 128x Oversampling
- Samplin g Rate up to 192kHz
- 24bit 8 times Digit al Filter
- Single-Ended Outputs
- On-chip Switched-Capacitor Filter
- S/(N+D): 90dB
- Dynamic Range, S/N: 106dB
- I/F format: MSB justifi ed, LSB justif ied(20bit,24bit), 1°S or TDM
- Individual channel digital volume with 128 levels and 0.5dB step
- Soft mute
- De-emph asis for 32kHz, 44.1kHz and 48kHz
- Zero Detect Function
O High Jitter Tolerance
O TTL Level Digit al I/F
O 3-wire Serial and 1°C Bus pP I/F for mod e setting
O Master clo ck:256fs, 384fs or 512fs for fs=3 2kHz to 48kHz
128fs, 192fs or 256fs for fs=6 4kHz to 96kHz
128fs for fs=120kHz to 192kHz
O Power Supply: 4.5t0 5.5V
O Power Supply for out put buffer: 2.7 to 5.5V
O Small 44pin LQFP
O AK4529 Pin Compatible
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W Ordering Guid e

AK4628VQ -40~ +85°C 44pin LQFP(0.8mm pitch)
AKD 4628 EvduaionBoard for AK 4628
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B Compatibility with AK4529

1. Functions

Funcions AK45209 AK 4628

DAC Sampling frequeng Up to 96kHz Up to 192kHz

TDM128(96kH2) Not available Available

Digital Attenuator 256 levels 128 levels

Soft Mute Soft mute fundion isindependert of | Softmute fundionis ot indepandent of
Digital atteruator. Digita attenuator.

DAC chaand power-down Not available Available

2. Pin Config uration

pin# AK4529 AK4628

11 DFS DFSO0

18 TST TST1

29 NC TST2

44 TDM TDMO
3. Register

Addr AK4529 AK4628

OOH TDM TDMO

OOH Not available TDM1

01H DFS DFSO0

01H Not available DFS1

01H Not available CKS1,CKS0

09H Not available PD4, PD3 PD2, PD1
MS0211E-02 200403
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PIN/FUNCTION

No. | Pin Name I/O Fundion
1 | SDOS | SDTO Source Select An (Notel)
“L": Internal ADC output, “H”: DAUX input
SDOS pi should besd to “L” when TDM="1".
2 |l2C I Cortrol ModeSelect An
“L”: 3-wire Serial, “H”: 1°C Bus
3 | SMUTE | Soft Mute Pin (Note 1)
When this pin gosto “H”, soft mute cyteis initialized.
When returning to “L”, theoutput mute réeases.
4 | BICK I Audio Serial Data Clock Fin
5 | LRCK [ Input Channd Clodk Pin
6 | SDTI1 | DACL Audio Serial Data InputPin
7 | SDTI2 | DAC2 Audio Serial Data InputPin
8 | SDTI3 | DAC3 Audio Serial Data InputPin
9 | SDTO O | Audio Seral Data Ouput Pin
10 | DAUX | AUX Audio Serial Data Input Pin
11 | DFS0 | Doule SpeedSampling Mode Pin (Note 1)
“L”: Normal Sped, “H”: Doulle Speed
12 | SDTI4 | DAC4 Audio Serial Data InputPin
13 | DZFE | Zerolnput Detect Endle Pin
“L": mode 7 (dsable) atparallel mode,
zero dete¢ modeis seletalde by DZFM3-0 bits & sefal mode
“H”: mode O(DZF1 is AND of all eight channds)
14 | TVDD - | Output Buffer Power Supdy Pin, 2.7\~5.5V
15 | bvDD - Digital Power Supdy Pin, 4.5\~5.5V
16 | DVSS - | Digital GroundPin, OV
17 | PDN I Powver-Down & ResetPin
When “L”, the AK4628 is powered-down and the control registess arereset todefault
stae. If the stée of P/'S or CAD1-0 changes, hen the AK4628 must bereset ty PDN.
18 | TST1 I TestPin
This pin shoud be conreded to DVSS
19 | CAD1 | Chip Address 1 ih
20 | CADO | Chip Address 0 ih
21 | LOUT4 O | DACA4 Lch Analog Output Pin
22 | ROUT4 O | DAC4 R Anaog Output Bn
MS0211E-02 200403
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No. | Pin Name I/O Fundion
23 | LOUT3 O | DAC3 Lch Analog Output Pin
24 | ROUT3 O | DAC3 Rd Analog Output Bn
25 | LOUT2 O | DAC2 Lch Analog Output Pin
26 | ROUT2 O | DAC2 Rt Analog Output An
27 | LOUT1 O | DACI1 Lch Analog Output Pin
28 | ROUT1 O | DAC1 Rt Analog Output An
29 | TST2 | Test pn (Internal pull-down pin)
This pin stould beleft floating or comeded to AV SS
30 | NC - No Connect
No intemal bondng.
31 | LIN | Lch Analog Input Pin
32 | RIN I Rch Analog Inpu Pin
33 | DZF2 O | Zerolnput Detect 2in (Note 2)
When the inpu dataof the group 1 follow total 8192 LRCK cycleswith “0” input data,
this pin goes 6 “H”. AndwhenRSTN bit is “0”, PWDAN pin is “0”, thispin goes b
“H”. It alwaysisin “L” when P/Sis“H".
OVF O | Analog Input Overflow Deted Pin  (Note 3)
This pin goesto “H” if the ardloginpu of Lch orRch overflows.
34 | VCOM O | CommonVoltage Qutput Fin, AVDD/2
Large externd capaitor aound 22 Fis usd to reduce power-suppy noise.
35 | VREFHH | Positive Voltage Referencelnput Fin, AVDD
36 | AVDD - | Analog Power Supdy Pin, 4.5V~55V
37 | AVSS - | Analog GroundPin, OV
38 | DZF1 O | Zerolnput Detect 1 Pin (Note 2)
When the input dataof the group 1 follow total 8192 LRCK cycleswith “0” input daa,
this pin goes 0 “H”. AndwhenRSTN bit is“0”, PWDAN pin is “0”, thispin goes b
“H”. Output is sdected by sdting DZFE gn whenP/S 5“H”.
39 | MCLK | Master Clock Input Pin
40 | PIS I Pasllel/Serial Select
“L": Saia control mode, “H” : Pardiel cortrol mode
41 | DIFO [ Audio Data Interfac&ormat 0 Pin in paallel control mode
CN | Chip Select Pin in3-wire serial contromode
This pin shoud be conreded to DVDD a I°C bws caitrol mode
42 | DIF1 | Audio Data Interfac&ormat 1 Pin in paallel control mode
SCL/CCLK I Control Dat Clock Fin in seial control mode
I2C = “L”: CCLK (3-wire Saial), 12C = “H”: SCL (I°C Bus)
43 | LOOPO | Loopbak Mode 0 Fin in pa&llel control mode
Enalesdigital loop-back from ADC to 4DACs.
SDA/CDTI 1/0 | Control Data Input Pin in seial control mocde
I2C =“L”: CDTI (3-wire Saial), 12C = “H”: SDA (I°C Bug
44 | TDMO | | TDM I/F Format Mode Bn (Note1)
“L": Normal mode “H": TDM mode

Notes 1.SDOS SMUTE, DFS), and TDMO pins areORed with regiger datafi P'S="“L".
2. Thegrowp 1 and2 can besdected by DZFM3-0bits if P/S="L" and DZFE ="“L".
3. This gn becomes OVF pinif OVFE bit is seto “1" at serial ontrol mode

4. All digital input pins excet for pul-down should nat be |dt floating.
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| ABSOLUTE MAXIMUM RATINGS

(AVSS DVSS=0V; Note 5)

Parameter Symbol min max Units
Power Supdies | Analog AVDD -03 6.0 Y
Digital DVDD -0.3 6.0 \Y,
Output buffer TVDD -03 6.0 \%
|AVSSDVSSY (Note 6) AGND - 0.3 Vv
Input Current(any pins exqgt for supplies) IIN - +10 mA
Analog Inpu Voltage VINA -0.3 AVDD+0.3 V
Digital InputVoltage
(Exped LRCK, BICK pins) VIND1 -0.3 DVDD+0.3 Vv
(LRCK, BICK pins) VIND2 -0.3 TVDD+0.3 V
Ambient Tenperature (pover apdied) Ta -40 85 °C
Storage Tamperature Tsig -65 150 °C

Notes 5. All voltageswith respet to graund
6. AVSSand D/SSmust beconneted to the sane anal@ groundplane

WARNING: Operdion ator beyad these limits may result in permaneant damege tothe device
Normal operdionis nat guaranteed a theseextrenes.

| RECOMMENDED OPERATING CONDITIONS

(AV'SS DVSS=0V; Note 5)

Parameter Symbol min typ max Units
Power Sipplies Analog AVDD 4.5 5.0 55 \%
(Note 7) Digital DVDD 4.5 5.0 55 \Y
Output buffer TVDD 2.7 5.0 5.5 Vv

Notes 5. All voltageswith respet to ground
7. The power p sequerce ketweenAVDD, DVDD and TVDD is not critical.
Do nat turn off oy the AK4628 unde the onditionthat a surromding deviceis powered on ad thel2Cbusis
in use.

WARNING: AKM assurres no respasibili ty for theusage beyondtheconditions in this datased.
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ANALOG CHARACTERISTICS

(Ta=25°C; AVDD, DVDD, TVDD=5V; AVSS,DVSS=0V; VREFH=AVDD; fs=48kHz; BICK=64fs;
Signa Frequency=1kHz; 24kt Data; Measurement Frequency=20Hz~20kHz at48kHz, 20Hz~40kHz & fs=96kHz,
20Hz~40kHz & fs=192kHz; unless oherwise specifed)

Parameter min | typ | max | Units
ADC Analog Input Characteristics
Reolution 24 Bits
S/(N+D) (-05dBFS) fs=48kHz 84 92 dB
fs=96kHz - 86 dB
DR (-60dBFS fs=48kHz, Aweighted 94 102 dB
fs=96kHz 88 96 dB
fs=96kHz, A-weighted 93 102 dB
SIN (Note 8 fs=48kHz, A-weighted 94 102 dB
fs=96kHz 88 96 dB
fs=96kHz, A-weighted 93 102 dB
Interchannd Isolaion 90 110 dB
DC Accuracy
Interchannd Gain Mismatch 0.2 0.3 dB
Gain Drift 20 - ppm°C
Input Voltage | AIN=0.62xVREFH 2.90 3.10 3.30 Vpp
Input Resitance (Note9) 15 25 kQ
Power SupphRejection (Note10) 50 dB
DAC Analog Output Characteristics
Rewolution 24 Bits
S/(N+D) fs=48kHz 80 90 dB
fs=96kHz 78 88 dB
fs=192kHz - 88 dB
DR (-60dBFS fs=48kHz, Aweighted 95 106 dB
fs=96kHz 88 100 dB
fs=96kHz, A-weighted 94 106 dB
fs=19&Hz - 100 dB
fs=19&Hz, A-weighted - 106 dB
SIN (Notel11) | fs=48kHz, Aweighted 95 106 dB
fs=96kHz 88 100 dB
fs=96kHz, A-weighted 94 106 dB
fs=19kHz - 100 dB
fs=192kHz, A-weighted - 106 dB
Interchannd Isolaion 90 110 dB
DC Accuracy
Interchannd Gain Mismaétch 02 0.5 dB
Gain Drift 20 - ppm°C
OutputVoltage AOUT=0.6xVREFH 2.75 3.0 3.25 Vpp
Load Resistarce 5 kQ
Power SupphRejection (Note 10) 50 dB

Notes

8. S/N measued byCCIR-ARM is 98dB(@fs=48kHz).

9. Input resisance is BkQ typicdly at fs=96kHz.
10. PSR is applied to AVDD, DVDD ard TVDD with 1kHz, omVpp. VREFH pin is held a constant voltage.

11.S/N measued byCCIR-ARM is 102dB(@fs=48kHz).

MS0211E-02

Downloaded from Elcodis.com electronic components distributor

200403



http://elcodis.com/parts/6159614/ak4628.html

ASAHI KASH [AK4628

Parameter mn | typ | max | Units
Power Supplies

Power Swpply Curert (AVD D+DVDD+TVDD)

Normal Opeation (PDN = “H")
AVDD fs=48kHz, 96kHz 45 67 mA
fs=192kHz 34 51 mA
DVDD+TVDD  fs=48kHz (Note 12) 18 27 mA
fs=96kHz 24 36 mA
fs=192kHz 27 40 mA
Power-dowrmode (DN = “L") (Note 13) 80 200 A

Notes: 12. TVDD=0.1mA(typ).
13.In the power-down mode.All digital inpu pins including dock pins (MCLK, BICK, LRCK) areheld DVSS
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| FILTER CHARACTERISTICS |
(Ta=25°C; AVDD, DVDD=4.5~5.5V; TVDD=2.7~55V; fs=48kHz)

Parameter | Symbol | min | typ | max | Units

ADC Digital Filter (Dedmation L PF):

Pasbkand (Note14) | +0.1B PB 0 18.9 kHz

-0.2dB - 200 - kHz
-3.0dB - 230 - kHz

Stopband B 28 kHz

Pasband Ripple PR +0.04 dB

Stopband Attenuaion SA 68 daB

GroupDelay (Note 15) GD 16 1ffs

Group Delay Distortion AGD 0 us

ADC Digital Filter (HPF):

Frequeng Reporse (Note ¥) | -3dB FR 1.0 Hz

-0.1dB 6.5 Hz

DAC Digital Filter:

Pasvand (Note 14) | -0.1dB PB 0 21.8 kHz

-6.0dB - 24.0 - kHz

Stopband B 262 kHz

Pasband Ripple PR +0.02 dB

Stopband Attenudion SA 54 dB

GroupDelay (Note 15) GD 19.2 1ffs

DAC Digital Filter + Analog Filter:

Frequeng Reporse 0~ 20.0kHz FR +0.2 dB
400kHz  (Note 16) FR +0.3 dB
800kHz (Note 16) FR +1.0 dB

Notes:

14.Thepasb®and and sbpband frequenies scée with fs.
For exanple, 21.8kHz at —0.1dB is 0.45} x fs.

15. The cdculating dday timewhich occurred by dgital filtering. This timeisfrom séting the nput of analog signal to
setting the 24bit data of both chanrels to the output register far ADC.
ForDAC, this timeis fromseting the 20/24ht data of koth chaands on input register to the output of arelog
signd.

16. 40..kHz; fs=9%kHz , 80.0kHz; fs=192kHz.

| DC CHARACTERISTICS

(Ta=25°C; AVDD, DVDD=4.5~5.5V; TVDD=2.7~55V)

Parameter Symbol min typ max Units
High-Levd Input Voltage VIH 2.2 - - \%
Low-Level Input Voltage VIL - - 0.8 \Y
High-Level Output Voltage

(SDTO, LRCK, BICK pins: lout=-10uA) | VOH | TVDD-0.5 - - \%

(DZF1, DZF2/OVF pins lout=-10QuA) | VOH | AVDD-0.5 - - \Y
Low-Level Output Voltage

(SDTO, LRCK, BICK,DZF1, DZF2/OVF pins. | VOL - - 0.5 \%

lout= 100uA)

(SDA pins: lout=3mA) VOL - - 0.4 \
Input Leakage Current (Note 17) lin - - +10 LA
Note 17: TS 2 pin has an internal pul-down device,nominaly 100kohm
MS0211-E-02 200403
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SWITCHING CHARACTERISTICS

(Ta=25°C; AVDD, DVDD=4.5~5.5V; TVDD=2.7~55V; C =20pF)
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Parameter Symbol min typ max Units
Master Clodk Timing
256fsn, 1Bfsa fCLK 8.12 12.288 MHz
Puse Wdth Low tCLKL 27 ns
Puse Width High tCLKH 27 ns
384fsn, 12fsa fCLK 12283 18.432 MHz
Puse Width Low tCLKL 20 ns
Puse Width High tCLKH 20 ns
512fsn, 2Bfsa fCLK 16334 24.576 MHz
Puse Wdth Low tCLKL 15 ns
Puse Width High tCLKH 15 ns
LRCK Timing
Normal mode (TDMO0="0", TDM1="0")
Normd Speed Mode fsn 32 48 kHz
Double Speed Mode fsd 64 96 kHz
Quad $eedMode fsq 120 192 kHz
Duty Cycle Duty 45 55 %
TDM256 mode (TDM0="1", TDM1= “0")
LRCK frequecy fsn 32 48 kHz
“H” time tLRH 1/256fs ns
“L” time tLRL 1/256fs ns
TDM128 mode (TDM0="1", TDM1= “1")
LRCK frequeicy fsn 64 96 kHz
“H” time tLRH 1/128fs ns
“L” time tLRL 1/128fs ns
Audio InterfaceTiming
Normal mode (TDMO0="0", TD M1= “0") ns
BICK Period tBCK 81 ns
BICK Pulse Width Low tBCKL 32 ns
Pulse Width High tBCKH 32 ns
LRCK Edgeto BICK “7” (Note 18) tLRB 20 ns
BICK “1” to LRCK Edge (Note 18) tBLR 20 ns
LRCK to SDTO(MSB) tLRS 40 ns
BICK “J” to SDTO tBSD 40 ns
SDTI1-4 DAUX Hold Time tSDH 20 ns
SDTI1-4 DAUX Setup Time tDS 20 ns
TDM256 moce (TDMO0="1", TD M1= “0") ns
BICK Period tBCK 81 ns
BICK Pulse Width Low tBCKL 32 ns
Pulse Width High tBCKH 32 ns
LRCK Edgeto BICK “7” (Note 18) tLRB 20 ns
BICK “1” to LRCK Edge (Note 18) tBLR 20 ns
BICK “1” to SDTO tBSD 20 ns
SDTI1 Hold Time tSDH 10 ns
SDTI1 Setup Time tDS 10 ns
TDM128 moce (TDMO="1", TD M1= “1") ns
BICK Period tBCK 81 ns
BICK Pulse Width Low tBCKL 32 ns
Pulse Width High tBCKH 32 ns
LRCK Edgeto BICK “7” (Note 18) tLRB 20 ns
BICK “1” to LRCK Edge (Note 18) tBLR 20 ns
BICK “1” to SDTO tBSD 20 ns
SDTI1-2 Hold Time tSDH 10 ns
SDTI1-2 Setup Time tDS 10 ns
Notes 18. BICK rising edge must nd ocaur at thesame timeas LRCK edge.
MS0211-E-02 200403
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Parameter Symhol min typ max Units
Control Interface Timing (3-wire Saial mode):
CCLK Perbd tCCK 200 ns
CCLK Puse Width Low tCCKL 80 ns
Pulse Widh High tCCKH 80 ns
CDTI Setup Tine tCDS 40 ns
CDTI Hold Time tCDH 40 ns
CSN “H” Time tCSW 150 ns
CSN “” to CCLK *“ 1" tCSS 50 ns
CCLK “T”to CSN“1” tCSH 50 ns
Control In terface Timing (1°C Bus male):
SCL Clock Frequeng fSCL - 100 kHz
Bus Free Time BetweenTransmissions tBUF 4.7 - us
Start Caondition Hold Time (prior to first clock pulse) tHD:STA 4.0 - us
Clock Low Time tLOW 4.7 - us
Clock High Time tHIGH 4.0 - us
Setup Timefor Repeted Sart Condition tSU:STA 4.7 - us
SDA Hold Time from SCL Falling (Note19) tHD:DAT 0 - us
SDA Seup Time from SCL Rising tSU:DAT 0.25 - us
RiseTime of Both SDA andSCL Lines tR - 1.0 us
Fall Time of Both SDA andSCL Lines tF - 0.3 us
Setup Timefor Sop Cordition tSU:STO 4.0 - us
Pulse Width of Spike Noise Suppressé by Input Flter tSP 0 50 ns
Power-down & Rest Timing
PDN Pulse Width (Note 20) tPD 150 ns
PDN “1” to SDTO valid (Note21) tPDV 52 1/fs

Notes 19.Data nust beheld for sufficient time to bridgethe 300 nstranstion time of SCL.
20.The AK4628 canbe esetby bringing PDN “L” to “H” uponpower-up.
21.These cycles ae the nunterof LRCK rising fromPDN rising.
22.1°Cis aregistered trademarkof PHlips Semconductors.

specifications defined by Philips.

Purchase of Asahi Kasei Microsystems Co., Ltd I°C components conveys a license under the Philips
I°C patent to use the components in the I°C system, provided the system conform to the I°C

MS0211E-02
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W Timing D iagram

1/fCLK

MCLK
s 1/fsn, 1/fsd o
LRCK
L tBCK
BICK
Clock Timing (TDM=“0")
L 1fCLK
MCLK
LRCK
L tBCK
BICK
Clock Timing (TDM="“1")
MS0211-E-02 200403
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LRCK

BICK

SDTI

Audio InterfaceTiming (TDM= “0")

SDTI

Audio InterfaceTiming (TDM=“1")

MS0211E-02 200403
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CSN

CCLK

CDTI

CSN

CCLK

CDTI

WRITE Data Inpuffiming (3-wire Seral mode)

i
1
'
1

- = VIH
H . T VIL
; AR fri-r v
— : ":L""::::: : _/ ------------ F VIL
E P \ > iiﬂ -l ¢
P! IHDISTA tHD:DAT tSU:DAT  tSUISTA tSU:BTO!
Stop  Start Start Stop
I’C BusmodeTiming

VIH
PDN

VIL
SDTO 50%TVDD

Power-down & ResefTiming
MS0211E-02 200403
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| OPERATION OVERVIEW |

W System Clock

Theexternd clocks, which arerequired to operatethe AK4628, ae MCLK, LRCK and BICK. MCLK should be
synchranized with LRCK but the phase is not critical. Thae aretwo methodsto sé¢ MCLK frequeng. In Manual Setting
Mode ACKS = “0": Default), thesanpling sped is sethy DFS0), DFSL (Tale 1). The frequacy d MCLK atead
sanpling sped is se¢automaicdly. (Table2, 3, 4). h Auto Setting Mode(ACKS ="1"), as MCLK frequency is deteted
aubmaticdly (Table5), and heinternd master clock becomes the apprapriate frequeng (Table 6), itis nat necssary to
set DFS.

Externd clocks (MCLK, BICK) shoutl dways bepresat wheneser the AK4628 isin normd opegtion mode(PDN =
“H"). If theseclocks ae not provided, the AK4628 may draw excesscurrent beausethe device utili zesdynamic
refreshal logic intemally. If the external docks ae not pesert, the AK4628 shaild bein thepower-down mode(PDN =
“L") or in the reet moddRSTN = “0"). After exiting reset power-up dc., the AK4628 isin the ppwer-down mode until
MCLK and LRCK are input.

MS0211E-02

DFS1 | DFSO Samping Speed(fs)

0 0 Normal Speed Mode 32kHz~48kHz Default

0 1 Double Speed Mode 64kHz~%kHz

1 0 Quad SpeedMode 120kHz~192kHz

Table 1. Sampling Spead (Manud Setting Mode)
LRCK MCLK (MHz) BICK (MHz)
fs 256s 384s 51Xs 64fs

32.(kHz 8.1920 12.2880 163840 2.0480
44.1kHz 11.2896 16.844 225792 28224
48.(kHz 122830 18.4320 245760 3.0720

Table 2.Systam Clock Exanple (Normal SpeedMode @Manud Setting Mode)

LRCK MCLK (MHz) BICK (MHz)
fs 128fs 192fs 56fs 64fs
882kHz | 11.2896 169344 225792 5.6418
960kHz | 12.2880 184320 245760 6.1410

Tale 3. §stemClock Example (Doubde Sead Mode @vianud Setting Mode
(Note: At Double speed mode(DFSE “0”, DFS0=“1"), 128fs and192fs are rot avail able for ADC.)

LRCK MCLK (MHz) BICK (MHz)
fs 128fs 192fs 561s 64fs
176.4kHz | 22.5792 - - 11.2896
192.0kHz | 24.5760 - - 12.2830

Tabe 4. §stemClock Exanple (Quad $ead Mode @Vanud Setting Mode)
(Note: At Quad speed mode(DFS1= “1", DFS0=“0") are nat available for ADC.)

Downloaded from Elcodis.com electronic components distributor
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MCLK Sanpling Sped
51%s Normal
256(s Doube
128s Quad

Tale 5 Sampling Speal (Auto Stting Mode)

LRCK MCLK (MHz) Sampling
fs 128fs 256fs 512fs Speed

32.kHz - - 16.3840
44 .1KkHz - - 22.5792 Normal
48.0kHz - - 24.5760

88.XHz - 225792 - Double
96.(kHz - 245760 -
1764kHz | 22.592 - - Quad
1920kHz | 24.560 - -

Table 6. Systan Clock Exanple (Auto Stting Made)

B De-emphasis Filter

The AK4628 includes he digital de-amphasis filter (tc=50/15s) by IIR fil ter. De-enpheasisfil ter is nd available in
Double Sreed Mode aad Quad Speed Mode This filter corespnds © three sanpling frequendes (3kHz, 44 1kHz,
48kHz). De-emphais of e@h DAC can beset ndividually by regsterdaa of DEMA1-CO (DAC1: DEMA1-0, DAC2:
DEMB1-0, DAC3: DEMC1-0, DAC4: DEMD1-0, see"Register Definitions”).

Mode Sampling Speed DEM1 DEMO DEM
0 Normal Speed 0 0 44.1kHz
1 Normal Speed 0 1 OFF Default
2 Normal Speed 1 0 48kHz
3 Normal Speed 1 1 32kHz

Table 8. De-emphass corirol

H Digital High Pass Filter

The ADC hasa digtal high pessfilter for DC offset cancd. The cut-off frequeng of the HPFis 1.0 at fs=48kHz and
sales wih samping rate (§).

MS0211E-02 200403
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W Audio Serial Interface Format

When TDM= “L", four modes ca be seleted ty the DIF1-0 as show in Table 8. In dl modes ke serial datas
MSB-first, 2's canplimert format The SDTO & clocked out on the faling edye of BICK andthe SDTI/DAUX are
latched onthe rising ede d BICK.

Figures 1~4 shows the iming a SDOS=“L". In this cae, the BTO outputs the ADC oufput daa. When SDOS=“H",
the dada input to DAUX is conveted to TO's format and autput from SDTO. Mode 2,3, 6, 7,10,11in SDTI input
formatscanbe use for 16-20hit data by zeoing theunusel LSBs.

Mode| TOM 1 | TDMO | DIFL | DIFO SDTO SDTI1-4, LRCK BICK
DAUX 110 11O
24bit, Left | 20bit, Right
0 0 0 0 0 ustfied usified HIL | | | >48fs| |
24bit, Left | 24bit, Right
1 0 0 0 1 ustfied usified HIL | | | >48fs| |
24bit, Left | 24ht, Left Default
2 1 O | usified | jusified | & | ! |Z48fs] |
3 0 0 1 1 | 24ht, 1S | 24bit, I°S LH| | |>48fs| |

Table 8. Audio dataformats (Normal mode)

The audio seral interface forma becones theTDM mode if TDMOpin is s¢to “H”. In the TDM256 mock, the seial daa
of dl DAC (eight channds) is input to the SDTI1 pin. Theinpu daato DTI2-4 pins areignared. BICK shoud befixed
to 256fs.“H” time and “L” time of LRCK shauld bel/256fs at leastFour modes carbeselected by he DIF1-0 as shavn
in Table 9. Inall modes the se&ial daa isMSB-first, 2's compliment format. The DTO is clockad aut onthe fdling edge
of BICK and the SDTI1 are latched on te risng edgeof BICK. SDOS andLOOP1-0 stould besd to “0” a the TDM
mode. TDM128 Mode can be set ty TDM1 as slow in Tablel0. In Doulde Speed Mode the seial daa of DAC (four
chands; L1, R1, L2, R2)is input to the DTI1 pin. Otherfour data(L3, R3, L4, R4)areinput to the DTI2. TDMO pin
and TDOMO registershaild be se to “H” if TD M256 Mode is seleted. TDMO pin and TDMO regster, TDM1 regiger

should besd to “H” if Double Speed Maleis sdeded in TDM128 Made.

Mode] TOM1 | TDMO | DIFL | DIFO ] sSbro SDTIL LRCK BICK
e 0

24D, Left | 20bit, Right

4 0 1 0 O | “sified | justfied | | | ! | 2565 | |
24bit, Left | 24bit, Right

S 0 1 0 1| iustfied | jusified | | | ! | 26fs | |
24bit, Left | 24bit, Left

6 0 1 1 O | “isified | justfied | | | ! | 25605 | |

7 0 1 1 1 244t 1°S | 24bit, I°S N | | 256fs | |

Tabe 9. Audio data fornats(TDM256 mod)
Mode] TOM 1 | TDMO | DIFL | DIFO | SDTO SOTIL, LRCK BICK
SDTI2 o 0

24bit, Left | 20bit, Right

: 1 1 0 O | “iusified | jusified | | | ! |128fs] |
24bit, Left | 24bit, Right

9 1 1 0 1| “iustfied | jusified | | | ! | 1286 |
24bit, Left | 24bit, Left

10 1 1 1 O | “jusified | justfied | | | ! |128f5] |

11 1 1 1 1 24ht, 1°S | 24bit, 1S ) | | 128fs | |

Tabe 10.Audio daa formats (TDM 128 node)
MS021%E-02 200403
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LRCK ] | [
(’J 1 2 %% 12 13 14 % 24 25% 31 l’) 1 2 . 12 13 14% 24 25 7 31 6 1
BICK(64fs) % Z % % % %
SDTO(0) 23|22 / 11|1o| % 23|22| |12|11|1o|% 0 % 2_3|_
SDTI(i) Don't Care |19|18|/|8 |7|/|1|O Don’t Care |19|18|/|8 |7|//|1|
! SDTO-23:MSB, 0:LSB; SDTI 19: MSB 0.LSB_| .
:4— Lch Data ; Rch Data —>
Figure 1. Mbde O Timing
LRCK | [
/2% 8 9 10 %% 24 25% 31 b 2 % 8 9 10% 24 25 / 31 (I) 1
BICK(64f % % % % % %
SDTO(0) 23|22|?|16|15|14|/ % 23|22|?|16|15|14|% 0 % Zr
somi() | pomcare [2]z2]| | [T\ [x] o] vomrcare |23|22|/|8 £l | |j o
1 23:MSB, 0:LSB : i
:4— Lch Data —»:4— Rch Data —H
Figure 2. Mbde 1 Timing
LRCK | [
é% 2 2! 1 0 1 2% 22 23 24 % 28 29 30 31 (I) 1
% 8 29 30 31 0 % /
BICK(64fs) % | % % |
SDTO(0) 23|22|/|2|1|o| ;I—
1 / |
SDTI(i) 2 |1| 0| Don't Care 23|22 Z% 2 |1| o| Don't Care 23|
Lch Data —>§<— Rch Data —Pi
Figure 3. Mbde 2 Timing
LRCK [ L
2&22 23 24 25 % 29 30 31 0 1 2 3722 23 24 25 7 29 30 31 0 1
- - -
BICK(64fs) % % % I
s0T0(0 ann alz]l [ ]:]0] [
/ i
. /
SDTI() | [2]1[o0] pontcare 23|22|Z|2| 1 | o | pont care
1 23:MSB, OB . ' :
:4— Lch Data — >t Rch Data —>
Figure 4. Mbde 3 Timing
MS0211E-02 200403
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P 256 BICK R
< >
LRCK 11 O

BICK(256fs) MHMH::MHMHMHMHMHMHH

I
SDTO(0) H]ﬂEI |
| |
)
I

1732 BICK : 32 BICK

somig | LT mzm (o 1o B T o] o) ] o] T B T [

R1 L2 R2 L3 R3 L4 R4
N—N—*—W—W—N<—N<—N<—D‘
32BICK™ 32 BICK 32 BICK 32 BICK™ "32BICK 32 BICK 32BICK™ 32 BICK

Figure 5. Mbde 4 Timing

P 256 BICK R
[l »,

LRCK jl T TTTNCONACNCD 11
1

BICK(256fs) M]ﬂ]ﬂﬂ]ﬂfﬁ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂﬁﬁ
so1o(0) [ To] [ To]

]

: ]
Lch i Rch : '

= a

<« 'I

| 32 BICK} 32 BICK
|

1

somo _ FLT] EFIT] BT BFIT| BTl BFI T BT BRI T
'4—)‘4—?‘4—)‘4—"4—)‘4—"4—}‘1—?‘
32 BICK 32 BICK 32 BICK 32 BICK 32 BICK 32 BICK 32 BICK 32 BICK

Figure 6. Mbde 5 Timing

256 BICK

LRCK 11 T TTCTTINTONTD

BICK(256fs) MHMHMHMHMHMHMHMHM
SDTO(0) Hlﬂ]‘l i 28

|
Llch | Reh '
l
|

. »!
32 BICK , 32 BICK

SDTIA() IZIZH"I I?IZH"I IZIZH"I [ Te] [ ] IZIZH"I PR Te] R Te] [

L1 R1 R2 L4 R4 !
4—W—N<—N<—P‘<—N<—P‘<—P‘<—>
32 BICK 32 BICK 32 BICK 32 BICK 32 BICK 32 BICK 32 BICK 32 BICK

Figure 7. Mbde 6 Timing

256 BICK

LRCK 1_|
BICK (256fs) M]ﬂ]fﬁ[]ﬂ]ﬂﬂ]ﬂ]ﬂf[]ﬂ]ﬂf[]ﬂ]ﬂﬂ]ﬂ]ﬂ[]ﬂ]ﬁ[]ﬂ]ﬂf

] 1 ] [] 1 ] [] [ ]
1 1 ] 1 1 ] 1 1
SDTO(o) i [ lTl LT i : | ! i [
TSN A N R R S
“32BICK . 32BICK ! ' ! | i | i
HDHT HE EE FE EE AT EELE
|

SDTIL() Juuuuuuuu

4—"4—)‘1—?‘
32BICK™ 32 BICK 32 BICK 32 BICK™ 32 BICK 32 BICK 32 BICK™ 32 BICK

Figure 8. Mbde 7 Timing
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128 BICK

LRCK _+ |
}

BICK(128fs) T:ﬂﬂ]ﬂ]ﬂﬂ]ﬂ?:hﬂ]ﬂ]fﬁ[]ﬂ]ﬂ[]ﬂ]fﬂ]ﬂ]ﬁﬂﬂ]ﬂ[]ﬁ]f

SDTO(0)

>
»,
I

Py
o
=2

P Lch "‘ R i

A 32 BICK "I a2BIcK g i
STy 50 S ) I I 1 I 3 S 1 . O O

L L1 L R1 L L2 P R2 |

o 32 BICK 'i‘ 32 BICK 'i‘ 32 BICK 'i‘ 32 BICK e

1 ]

v v __ v __ v __ |
SDTI2() el o] foshe] - o] sl - o] el . B

3 L3 o R3 L L4 ) R4 |

- 32 BICK o 32 BICK o 32 BICK T 32BICK

Figure 9. Mbde 8 Timing

) 128 BICK R

< >
LRCK l L

BICK(128fs) Tiﬂﬂ]ﬂ]ﬂﬂ]ﬂ}::]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂ]ﬂ]ﬂﬂ]ﬂjﬂﬂ]ﬂ]ﬂ]ﬂi]f

1 ]
1 1
3 Lch D Rch R i D
D 32 BICK N a2BicK g i i
oL T S I 1 2 O £ 2 I £ 1 2 2 I
5 L1 i R1 o L2 o R2 R
E‘ 32 BICK 'i‘ 32 BICK ’E‘ 32 BICK ’E‘ 32 BICK ”:
1 | 1 1 |
SIo L0 T ) 2 N C 5 = N C 2 2 B O 2 2 O O
3 L3 o R3 o L4 U R4 R
- 32 BICK o 32 BICK T 32 BICK 5 32 BICK 4
Figure10. Mode 9Timing
) 128 BICK R
I‘ Ll
LRCK 1 el
1 |

ercxzer) AT AT RS IAMT T IAA T T AT AT 1

] 1
soto0) BT e T i 2E
i‘ Lch 1 Rch ‘i : !
E‘ 32 BICK RS g i i
SDTI() S 3 0 2 2 I = 5 O £ 0 = = N O
3 L1 | R1 | 2 R2 R
i‘ 32 BICK 'i‘ 32 BICK 'i‘ 32 BICK 'i‘ 32 BICK 'i

L4 | R4

MS0211E-02
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128 BICK

{l

LRCK

BICK(128fs) Tﬂﬂ]ﬂ]ﬂﬂ]ﬂ]::]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂf[]ﬂ]ﬂf[]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]f

I
sp1o(0) [ T

] 1 1
] 1 1
] 1 1
5 Lch o Rch i '
E‘ 32 BICK ':“ 32 BICK ’: i
| T -——————— ) ————————— [, [
ST I O I = N 0 2 2 D
i‘ L1 i R1 o L2 P R2 J
= 32 BICK 'i‘ 32 BICK 'i‘ 32 BICK 'i‘ 32 BICK 4
] |
v\ v v v 1
som2i) 4 [ [l el [l [~ [l o] [
l L3 o R3 o L4 U R4 R
32 BICK o 32 BICK o 32 BICK 5 32 BICK
Figure 2. Mode 11 Timing
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W Overflow Detection

The AK4628has overfow detect function for andog inpu. Overflow detect fundtionis endle if OVFE bit is seto “1” at
serid cortrol mode OVF pin goesd “H” if anabg inpu of Lch or Rch ovelows (norethan -03dBFS). OVF output for
overflowed analog input hasthe sane groupdelay as ADC (GD = 16/fs =333us @fss48kHz). OVFis “L” for 522fs
(=11.8ms @fs=48kHz) after PDN = “I ard then overflow detection isenaled.

B Zero Detection

The AK4628 has two pinsfor zero deect flag outputs. Chaand grouping can besdectedby DZFM3-0 bis if P/IS="L"
and DZFE = “L” (Tade 11). DZF1 pin correspnds to the group 1 chamels ard DZF2 pin corresponds to the group 2
channds. However DZF2 pin beomes OVF pin if OVFE bit is se to “1”. Zero deecion modeis sd to modeO if DZFE=
“H” regardlesf P/S pin. DZF1 is AND of al eight channds andDZF2 is disalled (“L”) at mode0. Tablel2 shove the
relation of P/'S, DZFE, OVFE am DZF.

When the npu dataof all channels in the goup 1(graup 2)are continuoudy zeros for8192 LRCK cydes, DZF1(DZF2)
pin goes o “H". DZF1(DZF2) pin immediately goes b “L” if input daa of any chands in thegrouyp 1(group 2) isnot
zeo after gang DZF1(DZF2) “H".

DZFM AOUT
Modera 5 T1To 12 R1 L2 R L3 R3 L4 R4
0 0/0|0|0]| DZF1 | DZF1 | DZF1 | DZF1 | DZF1 | DZF1 | DZF1 | DZF1
1 0/0|0|1]| DZF1 | DZF1 | DZF1 | DZF1 | DZF1 | DZF2 | DZF2 | DZRF2
2 0(0]|1]0]| DZF1 | DZF1 DZF1 | DZF1 | DZF2 | DZF2 DZF2 | DZF2
3 0/[0]|1]1]|] DZF1 | DZF1 DZF1 | DZF2 | DZF2 | DZF2 DZF2 | DZF2
4 0(1]|]0| 0| DZF1 | DZF1 DZF2 | DZF2 | DZF2 | DZF2 DZF2 | DZF2
5 0[1]|]0]| 1] DZF1 | DZF2 DZF2 | DZF2 | DZF2 | DZF2 DZF2 | DZF2
6 0(1]|1]|0]| DZF2 | DZF2 DZF2 | DZF2 | DZF2 | DZF2 DZF2 | DZF2
7 O] 1| 1] 1 disable (DZF1=DZF2 =“L") Defaul
8 1/{0]|]0| 0] DZF1 | DZF1 DZF1 | DZF1 | DZF1 | DZF1 DZF1 | DZF2
9 1]10]0| 1] DZF1 | DZF1 DZF1 | DZF1 | DZF1 | DZF1 DZF2 | DZF2
10 J1|{0|1] 0
11 11011
12 J1]1]0] O ; p »
5 tiritol 1 disable (DZF1=DZF2 = “L")
14 111]1|0
15 1]11]1] 1
Table 11. Zero deteacontrol
P/S pin DZFE pin OVFE bit DZF mode DZF1 pin DZF2/OVF pin
“H” (parallel modg “L” disabe Mode7 ‘L “L”
“H” disabe Mode 0 AND of 6¢ch “L”
“L” (seria mode) “L” “0” Sdectale Sdectale Seletalde
‘1" Sdectalle Sdectalde OVF output
“H” ‘0" Mode 0 AND of 6ch “L”
‘1" Mode 0 AND of 6ch OVF output
Table 12. DZF1-2 pins outputs
MS0211E-02 200403
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B Digital Attenuator

AK 4628 has bannd-indegpendent digital attenueor (128 levels, 0.5dB $ep).Attenudionlevel of each chamd canbe set
by eachATT7-0 bits (Tade 13).

ATT7-0 Attenuation Level
0oH 0dB Default
01H -0.5dB
02H -1.0dB
7DH -625dB
7EH -63dB
7FH MUTE (-0)
FEH MUTE (-0)
FFH MUTE (-0)

Table 13. Attenudion level of digital atteruator

Transition time between set values of ATT7-0 hits can be seleded by ATS1-0 hits (Table 14). Transition between set
values s thesdt transition. Therdore,the swtching ndse does not ocaur in the transtion.

Mode ATS1 ATSO ATT sped
0 0 0 1792fs Default
1 0 1 8%l/fs
2 1 0 256/fs
3 1 1 256/fs

Tade 14. Trandion time between set \alues of ATT7-0 bits
The trangion between se vaues is soft transition o 172 levels in mode 0. It takes 792fs (37.3ns@fs=48kHz) from

00H(0dB) to 7TFH(MUTE) in node 0.If PDN pingoesto “L”, the ATTsare initidized b 00H. The ATTsare 00Hwhen
RSTN =*“0". WhenRSTN return to “1”, the ATTs fade to their current value.

MS0211E-02 200403
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W Soft mute operation

Sdt mute operdion is performedat digital domain. When the SMUTE pin goesto “H”, the output signal isattenuated ky
-oo during ATT_DATAXATT transition ime (Table 14)from the curentATT level. When he SMUTE pin is eturned to
“L”, the mute is cacdled ard the output attenuation gradidly changes to the AT level during ATT_DATAXATT
transtion ime If the soft mute is cacdled bdore dtenuating to - after starting the qeration, the atenuation is
dismontinued and retured © ATT level by the same cyde. The soft mute is dfective for changing the signa souce
without stopping the sigral transmission.

SMUTE bit
4P 4—>
ATT Level 1) 1) /
Attenuation 3
=00
—» «4—GD —» «4—GD
f @
AOUT \/~
4)
DZF1,2 8192/fs
P
Notes:

(1) ATT_DATAXATT transitiontime (Table16).Forexamplejn Normal Sped Mode,thistimeis 1792.RCK cycles
(1792/fs) atATT_DATA=00H. ATT transtion of the softmuteis from OOH to 7FH
(2) Theandog output correspondng to thedigital input has agroup déay, GD.
(3) If the softmute is caceled bedore atteruating 1 -co after stating the opeation, the atenuatonis discantinued and
returnal to ATT level by thesane cycle
(4) When heinput daa at al the dannéds of the gouparecontinuouwsly zeos for81®2 LRCK cydes, DZF pin o each
channégoes o “H”. DZF pin immediatdy goesto “L” if the input data of either channé of the group ae notzero
aftergang DZF “H".

Figure 13. Soft mute and zeo deecion

B System Reset
The AK4628 shoud be reseonce ly bringing PDN = “L” upon power-up. The AK4628 is powered up and thantemal

timing starts clocking by LRCK “1” after exiting resetand power down state by MCLK. TheAK 4628 is in the
power-down modeuntil MCLK andLRCK areinput.

MS0211-E-02 200403
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B Power-Down

The ADC and DACs of AK4628 areplacel in the pwer-down modeby bringing FDN “L” and both dgitd filters ae
resd at thesane time. PDN “L” also reset thecontol registes to their default values In the power-down mode, the
andog outputs go b VCOM voltage and [ZF1-2 pins @ to“L”. This reséshoud always bedone dter power-up.In case
of the ADC, an anaog initialization cycle darts afer exting the power-down mode Theefore, the output daa, DTO
bemmes avdlable after 522 cydes of LRCK clock. In caseof theDAC, an analog initialization cycle starts dter exiting
the pwer-down mode.The analog outputs ae VCOM voltage durig the nitialization. Figure14 shovg the seaiences of
the pwer-down and he power-up.

The ADC and & DACs @n be powered-down individually by PWADN and PWDAN bits. And DAC1-4 can be
power-down individually by PD1-4 bits. In this casetheinternal regster values are ot initialized. WhenPWADN =“0",
SDTO goes o “L”. WhenPWDAN =“0" and ®1-4 = ‘0", the andog outputs g to VCOM voltageand DZF1-2 pinsgo
to “H". Because sone click noise occurs,the andog output shoud muted extenaly if theclick noise infuences gstem

apgication.
PDN
!—l soans O
! ~ ”
ADS(t:altr;temal Normel Operation Power-down Init Cycle Normal Operation
i < 516/fs _(2)
} |
T
DAS(t:aItr;ternal Normal Operation Power-down Init Cycle ! Normal Operation
| I
]
> @ | L e
] | ! |
(Analog) b : ! - "\
o ! [
| | | P
ADC Out ! ! . ! DV :
(Digital) i 0"data E : V (5) |
! 1
C P i ! i i :
DAC In \1 | . ! i I/_:_
igi D! ! 0"data 1
(Digital) - | | : | :
1 | ] 1
- o) ! I S
1 | ] 1 ! ! !
oo N | o LA
(Analog) Vo i ! —
t i ! v
L@ |
Clock In T ) .
MCLK,LRCK,SCLK : Don'tcare | |
! |
i —»l e 10-1/f5 (10)
DZF1DZF2 | @
External
Mute © | Mute ON
Notes:

(1) Theanalag part of ADC is initialized &fter exiting the power-down state

(2) Theanalag part of DAC isinitialized after exiting the power-down state

(3) Digital output corresponding to analog input and aralog output correspndng to digital input have the group delay
(GD).

(4) ADC ouput is “0" dataatthe power-down stde.

(5) Click naise ocairrs at the ed d initialization of the anabg pat. Pleasemute the dgital output extenally if theclick
noise influenes systemgpplication.

(6) Click noise occurs @ thefalling edgeof PDN and & 512/fs ater therising edye of PDN.

(7) Whenthe extemal docks (MCLK, BICK and LRCK) are sbpped, the AK4628 $houd be in thepower-down made

(8) DZF pins ae “L” inthe pwer-down mode(PDN =“L").

(9) Pleasse mute thanalog output extenally if the cick noise (6)influences systenapplication.

(10) DZF= “L” for 10~11/fs ater PDN= “1".

Figure 14.Power-down/up sequece exanple

MS0211-E-02 200403
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B Reset Function

When RSTN =“0", ADC and DACsare povered-down but the nternal regsterare not iniialized.The aalog outputs @
to VCOM voltage,DZF1-2 pins @ to “H” and TO pin goes to “L". Becaise soraclick noiseocaurs, he andog output
shoud muted etemally if the clidk noise influences sysemapplicaton. Figure 15 shows the power-up seuence

RSTN bit

1
—>i !4—4~5/fs © :ﬂ—1~2/fs ©

Internal !
RSTN bit ! |

516/fs (1)

I 1
1 le—==
1 1
1 1
ADC Internal Normal Operation 1 | Digital Block Power-dovin Init Cycle Normal Operation
State
D i
i } ;
DAC Internal Normal Operation 1 Digital Block Pover-dovin Normalj Operation
State = + 1
1
—>E E<—GD (2)ii i: ! —>i E<—GD
ey N — Y
(Analog) i H i ! Y
. | Vi [ 1 ] ]
: X i : .
ADC Out l e O L Vo |
(Digital) ~ L :
[ )
o [ [ [
DAC In —\I l H o :/_E;
] " )
(Digital) | e '
[ (2): : : : : :
i oo H e
] 1 | 1 ]
DAC Out \/\/\/\/\/\\/\ OO ENC! ! N\/\/\
(Analog) Vo i i P
[ i o v
Y] i
CIOCk In i Don't care |

MCLK,LRCK,SCLK

1
DZF1/DZF2

Notes:

(1) Theanala part of ADC is initialized &fter exiting thereset stee.

(2) Digital output corresponding to analog input and aralog output correspndng to digital inpu have the group delay
(GD).

(3) ADC ouput is “0" dataatthe power-down stde.

(4) Click naise occus when the internal RSTN bit beomes “1”. Please mutehie dgital output exterrally if the dick
naise influenes systemgpplication.

(5) The analog outputs goto VCOM valtage.

(6) Click nase occurs at4~5/fs after RSTN bit beomes “0”, and occws at 1~2/fs after RSTN bit becanes “1”. This
noise is output evenif “0” dataisinpu.

(7) The extenal cloks (MCLK, BICK and LRCK) can be sbpped in thereset nede.When «iting the reset node, “1”
should be witten to RSTNbit afte the extena clocks (MCLK, BICK and LRCK) are fed.

(8) DZF pinsgoto “H” when e RSTN bit becorres “0”, and goto “L” at 6~7/fs afte RSTN bit beomes “1”.

(9) Thee is a diy, 4~5fs from RSTN bit “0” to the internd RSTN bit “0”.

Figure 15. Reset segenceexanple
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B DAC parti al Power-Down Function

All DACs of AK4628 @an bepowered-cown individually by PD1-4 bits.The analog pat of DAC is in power-down by
PD1-4 bits="1", howeve, the digtal pat is nat in power-down by it. Even if all DACs were sé in powver-down bythe
pattial power-down hits, the digtal part cortinueto fundion. Theandog autput of the clanné which is sé in
power-down by AD1-4 bits isfixed to thevaltage of VCOM. AndthoughDZF deecionis beirg dae,theresut of DZF
detetion stops reflecting to DZF1-2 pins. Beausesone click noise ocaurs in both set-yp and elease of power-down,
either the aralog output shauld be muted externally or PD1-4 bits should be setup when it is in PWDAN bit ="0" or
RSTN bit =0, if the dick noise nfluen@s system application. Figure 16 siowsthe sequence of the power-down ard the
power-up by PD1-4bits.

PD1-4 bit
Power Down Channel

DAC Digital
Internal State

Normal Operation

DAC Analog

Normal Operation Power-down Normal Operation Power-down Normal Operation
Internal State

:

[ | | | |
DACIn \! : i i :
. [ ‘0"data ! ! |
(Digital) : i al : : : —
- ey L e
! | 1 1 | [
(Analog) N v ! ! i b
|1 8192fs| | ! ! b
1 I_ _ : —_— :
DZF Detect ; ! :
Internal State -4 @) @
| | !
| | !
] 1 !
|Norma| Operation Channel | 1 | i
] I
HIH | |
DACIn \b . : |
(Digital) P 0'data ; :
—»  «—GD : i i :
1 !
1

DAC Out \/\/\'\/\l
(Analog) !

DZF Detect |

Internal State

Clock In
MCLK,LRCK,SCLK

©) i | .
DZF1/DZF2 e

Notes:

(2) Digital output corresponding to analog input and aralog output correspndng to digital input have the group delay
(GD).

(2) Analogoutput of the DAC powered dovn by PD1-4="1" isfixed to the voltage of VCOM.

(3) Immediately afterPD1-4 bits are changel, some click nise ocurs & the outpu of the chaxnd charged by the own
PD bhits.

(4) Thoudh DZF detetion is beirg done ata cetain chamd which sé up FD1-4 ="1", the result of DZF detetion
stopsreflecting to DZF1-2 pirs.

(5) DZF deteetion of the DAC which is setup bythe power-down seting is ignared, and DZF1-2 pins kecome "H”.

(6) When the pover-down functionis set ugand he channd has iput signal, even if the patial power-down fundion
is set up,DZF1-2 bitsdo not becone "H”.

Figure B. DAC patial power-down example
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W Serial Control Interface

The AK4628can ortrol its fundions via registes. Intenal registes may be witten by 2types of cortrol mode.The dip
address isdeteamined by thestae of the CADO and CAD1 inputs. PDN = “L” initializes theregigers to theirdefault
values.Writing “0” to the RSN bit can initidize the internal timing drcuit. But in this case,theregister data isnat be
initialized.When thestate d P/Spin is dianged,the AK 4628 shoud beresetby PDN pin.

* Writing to caontrol register is invaid when PDN =*“L".
* AK4628 does not syppart theread conmand.

(1) 3-wire Serial Control Mode (12C = “L”")
Internd regista's may bewritten to he 3 wire PP interfacepins (C3N, CCLK andCDTI). The dataon tis interface
corsists of Chip address (2lis, CADO/1), Read¥Vrite (1bit, Fixed to “1”, Write orly), Regster addresqM SB first,
5bits) andContra data(MSB first, 8bits). Addess ad dda is clocked in on the risng edgeof CCLK and daa is
clocked aut onthe fdling edye. For write gperations,data is latched afte a lowto-high transtion of CSN. Theclodk
speed ¢ CCLK is 5MHz(max).

CDTI c1|co|rw| As|Aa3|a2|A1|A0|D7|D6 | D5 | D4| D3| D2 | D1 | DO

C1-CO: Chip Address (C1€AD1, CO=CADO)
R/W: Real/Write (Fixed © “1”, Write only)
A4-A0: Register Address

D7-D0: Control Data

Figure 17 3-wire Serial Control I/F Timing
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(2) I°C-bus Control Mode (12C= “H")
AK 4628 supports the standard-model®C-bus (nax:100kHz). Then AK4628does ot support a fast-nodel’C-bus
system (max400kHz). The CSNpin should be conneced to DVDD atthe C-bus mode

Figure 17 slows thedata tranger sequace @ the FC-bus mode.All commands are preceded by a SART condition.
A HIGH to LOW transition onthe SDA linewhile SCL is HGH indicatesa START condtion (Figure 22). After the
START cordition, a slave aldress is sa&. This address is7 bits long followed by an eighth bit which is adat
direction hit (R/W) (Figure 19). The mog significant five bits of the $ave adiressare fixed as “00100”. The net
two hits areCAD1 and CADO (devie adress his). These two hits identify the spedfic device on the bus.The
hard-wired input pins(CAD1 pin ard CADO pin) setthem If the dave adiress mdch that ofthe AK4628andR/W
bitis“0”, the AK4628 generdes the ackrowledgeard the wite opeation is exeauted. If R/W kit is “1”, the AK4628
generdes the nat adknowledge shce he AK4628 @n be ornly a slare-receiver. The naster mustgeneste the
adknowledgerelatal clock pulse anl release the DA line (HIGH) duiing theacknowledgeclodk pulse (Fgure 23).

The :ondbyteconsists of the aldress for control registers o the AK4628. The format isMSB first, and those maost
significant 3-bits ae fixed to zeros (Rgure 20. Thosedaa after the seond byte mntain control data. Theformat is
MSB first, 8hits (Figure 21). The AK4628 generdes anacknowledge after each byte has been reaived. A data
transfer is &ways terninated ty a STOP condtion generded by the naster A LOW to HIGH transition on e DA
line while SCL is HIGH ddines aSTOP condtion (Figure 22).

The AK4628 is capable of more than onebyte write operdion by one sequence After receip of the hird byte the
AK 4628 generates an acknowledge, andawaits the next daa again. The nastercan transmt more than onebyte
insteal of taeminating the write cyde afer the first data fte is transfered. After the receipt d each datathe irternd
5hits aldress conterisincrementedby one, and he nect dataistaken into next address audmatically. If theaddress
exceead 1FH prior to generating the $op condition, the aldress @unter will “roll over’ to 00H and he peviousdaa
will beoverwritten.

Thedaaonthe SDA linemustbe gable during the HIGH period of the dock. The HGH or LOW stat of the data
line can only charge when the dock sgnal on the SCL line is LOW (Figure24) excep for theSTART ard the SOP

condtion.
S S
; R/W T
o}
; } :
SDA ildat}/r?ess iggress(n) Data(n) Data(n+1) I— —I Data(n+Xx) H
A A A A A A
C C C C C C
K K K K K K
Figure B. Data tansfe seqence atthel’C-bus node
0 0 1 0 0 CAD1 | CADO | R/W
(ThoseCAD1/0 should match with CAD1/0 pins)
Figurel19. Thefirst byte
* * * A4 A3 A2 Al AO
(*: Don't care)
Figure D. Thesecord byte
D7 D6 D5 D4 D3 D2 D1 DO
Figure 21 Byte stucture dter the seond byte
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start condition stop condition

Figure22. START andSTOP condtions

DATA i ==
OUTPUTBY |
MASTER 5

i : not acknowledge \
DATA . T
OUTPUT BY i i
SLAVE(AK4529) | i
! E acknowledge
SCL FROM P 5
MASTER ! ! 1 8 9
s " f
______ clock pulse for
START acknowledgement
CONDITION
Figure23. Acknowledge on the I°C-bus
1 1 |
i i ! o
SDA i | i
: i i -
| 1 |
i i i
1 1 | -
i i i
1 1 |
I, \ |/
i i i
data line change
stable; of data
data valid allowed
Figure24. Bit transferon he I°C-bus
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B Mapping of Program Registers

[AK4628

Addr | Regster Name D7 D6 D5 D4 D3 D2 D1 DO
OOH | Contrd 1 0 0 TDM1 TDMO DIF1 DIFO 0 SMUTE
01H | Control 2 0 DFS1 LOOP1 | LOOR SDOS DFS0 ACKS 0
02H | LOUT1 Volume Control ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO
03H | ROUT1Volume Catrol ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO
04H | LOUT2 Volume Control ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO
05H | ROUT2Volume Catrol ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO
06H | LOUT3 Volume Control ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO
07H | ROUT3Volume Catrol ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO
08H | De-emphasis DEMD1 | DEMDO | DEMA1 | DEMAO | DEMB1 | DEMBO DEMC1 DEMCO
O9H | ATT spexd 0 PD4 | ATSL | ATSO | PD3 PD2 PD1 RSTN

& Power Down Control

OAH | Zero detect OVFE | DZFM3 | DZFM2 | DZFM1 | DZFMO | PWRN | PWADN | PWDAN
OBH | LOUT4 Volume Gntrol ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO
OCH | ROUT4Volume Cantrol ATT7 ATT6 ATTS ATT4 ATT3 ATT2 ATT1 ATTO

Note: For addressefrom ODH to 1FH daa is nd written.

When PDN goesto “L”, the registers arenitialized to their default values

When RSTNbit goesto“0”, the internd timingis resé¢ ard DZF1-2 pinsgo to “H”, butregisters are not hitiali zed

to thar default values.

SMUTE, DFS0, SDCs andTDMO areORed with pins.

MS0211-E-02
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B Register Definitions

[AK4628

Addr | RegsterName D7 D6 D5 D4 D3 D2 D1 DO
O0H | Control 1 0 0 TDM1 | TDMO | DIF1 DIFO 0 SMUTE
Default 0 0 0 0 1 0 0 0
SMUTE: Soft Mute Enadle
0: Norma opegtion
1: All DAC outputs sdt-muted
Register bit of SMUTE is ORed with the SMUTE pinif PIS="“L".
DIF1-0: Audio Data Interfae Modes (sef able 8, 9, 10)
Initial: “10”, mode2
TDM1-0: TDM Format Select (se€Table 8, 9, 1P
Mode | TDM1 | TDMO SDTI Sampling Speed
0 0 0 1-4 Normal, Doulle, Four Times Seal
1 0 1 1 Normal Speed
2 1 1 1-2 Normal, Doubde Speed
Register bit of TDMO is ORedwith the TDMO pinif P'S=“L".
TDMO pin stould be“L” if the registercontrol is used.
MS0211%-E-02 2004/03
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Addr | RegsterName D7 D6 D5 D4 D3 D2 D1 DO
01H | Control 2 0 DES1 | LOOP1| LOOPO| SDOS | DFS0 | ACKS 0
Default 0 0 0 0 0 0 0 0

ACKS: MasterClock Frequeng Auto Setting Mode Enadle
0: Disable, Manua Setting Mode
1: Enable, Auto Settng Mode
Mager clodk frequency is detectal auomatically at ACKS bit “1”. In this case,the settiig of DFS are
ignored. When thisbit is“0”, DFSO0,1 se thesanpling sped mode.

DFS1-0: Sampling spe€e mode (seeTablel.)
Register bit of DFS0 is ORed with DFS0 pinif P/S=“L".
The seting of DFSisignoredat ACKS bit “1”".

SDOS SDTOsourceselect
0. ADC
1. DAUX
Register bit of SDOS is ORed with SDOSpinif P/S="“L".
SDOS slould beset to 0" at TDM bit “1”.

In the case of PWADN="0" and PWDAN="0", the seting of SDOSbecones invalid. And ADC is slected
The output of SDTO becomes ‘L” at PWADN="0".

LOOP1-0: Loopbak mode eable
00 Normal (No loop back)
0L: LIN — LOUT1, LOUT2, LOUT3,LOUT4
RIN - ROUT1 ROUT2 ROUT3, ROUT4
Thedigital ADC ouput (DAUX input if SDOS =*“1") is comeded b the digital DAC inpu. In this
mode, the input DAC daa to SDTI1-3 isignaed. The audo format of SDTO at logpbak mode
becomes node2 at node0, and node3 & model, respectively.
10: SDTI1(L) — SDTI2(L), SDTI3(L), SDTI4(L)
SDTI1(R) — SDTI2(R), SDTIR), SDTI4(R)
In thismodethe input DAC data toSDTI2-4 is ighored.
11: N/A

LOOP1-0 shold bese to “00" & TDM bit “1”.

In thecaseof PWADN="0" and RVDAN="0", the settingof LOOP1-0 becomeisvalid. And ADC is sdected.
And it beconesthe rormd operdion (No loop back).

MS0211-E-02 200403
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Addr | Regster Name D7 D6 D5 D4 D3 D2 D1 DO
02H | LOUT1 Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO
03H | ROUT1Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO
04H | LOUTZ2 Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO
05H | ROUT2Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO
06H | LOUT3 Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO
07H | ROUT3Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO
0BH | LOUT4 Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO
0OCH | ROUT4Volume Control ATT7 | ATT6 | ATT5 | ATT4 | ATT3 | ATT2 | ATT1 | ATTO

Default 0 0 0 0 0 0 0 0
ATT7-0: Attenuation Level (seeTable 13.)
Addr | RegsterName D7 D6 D5 D4 D3 D2 D1 DO
08H Deerrphasis DEMD1 | DEMDO | DEMA1 | DEMAO | DEMB1 | DEMBO | DEMC1 | DEMCO
Default 0 1 0 1 0 1 0 1
DEMAL1-0: De-emphasisrespnsecortrol for DAC1 ddaon SDTI1 (seeTable 7.)
Initial: “01”, OFF
DEMB1-0: De-enphasis esponsecontrol for DAC2 dataon SDTI2 (seeTalde 7.)
Initial: “01”, OFF
DEMC1-0: De-enphasis esponsecontrd for DAC3dataon SDTI3 (seeTale 7.)
Initial: “01”, OFF
DEMD1-0: De-emphasigesmnsecortrol for DAC4 ddaon SDTI4 (seeTable 7))
Initial: “01”, OFF
MS0211E-02 200403
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Addr | Regster Name D7 D6 D5 D4 D3 D2 D1 DO
O9H | ATT speed O | P4 | Ats1 | ATso | PD8 | PD2 | PD1 | RSTN

& Power Dowvn Control
Default 0 0 0 0 0 0 0 1
RSTN: Intemal timing reset
0: ResetDZF1-2 pins goto “H”, but regsters ae not initialized.
1:Normal opestion
ATS1-0: Ogital attenuator transition ime seting (seeTade 14.)
Initial: “00”, mode0
PD1-0: Power-down control (0: Power-up, 1: Fower-down)
PD1: Power down cortrol of DAC1
PD2: Power down cortrol of DAC2
PD3: Power down cortrol of DAC3
PD4: Power down cortrol of DAC4
Addr | Regster Name D7 D6 D5 D4 D3 D2 D1 DO
0AH | Zero deed OVFE | DZFM3 | DZFM2 | DZFM1 | DZFMO | PWRN | PWADN | PWDAN
Default 0 0 1 1 1 1 1 1
PWDAN: Power-down cortrol of DAC1-4
0: Power-down
1:Normal opegtion
PWADN: Power-down control of ADC
0: Power-down
1:Normal opegtion
PWVRN: Power-down contrd of referene wltage
0: Power-down
1:Normal opestion
DZFM3-0: Zero deted mode selet(see Table 11.)
Initial: “0111”, diseble
OVFE: Overflow detedion enade
0: Disale, pint33bemmes DZF2 pin.
1: Enable, pin#33 beomes OVF pin.
MS0211-E-02 200403
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| SYSTEM DESIGN |

Figure25 shawvs the sysgem comedion diagram An evaluaton board is avdlable which denonstrates appication
circuits, the gotimum layout, power sugply arrangenents and measurement results.

Condition: TVDD=5V, 3-wire seral control mode, CAD1-0 = “00"

Analog 5V

]
!
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!
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) %0 1u
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Figure 25. Typicd Conredion Diagram
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Digital Ground Analog Ground

DIFO/CSN [44]

LOOPO/SDA/CDTI 43
DIF1/SCL/CCLK [42]

System
Controller

AK4628

Figure . Grourd Layout

Note: AV SSand DVSS mustbe conneted to the sane analag ground dane.

1. Grounding an d Power Supply Decoupling

The AK4628 requres careful déntian to power supply angrounding arangementsAVDD and DVDDareusually
supplied from aralog supply in system.Alternatively if AVDD and DVDD are supplied sefrately, the powerup
seqieneis not critica. AV SSand DVSSof the AK4628 must be conneded to analog ground plane. System anal@
groundand digital ground stould be conneted togethernea to where the supplies ae browght onto the piinted circuit
boad. Decouding cgpacitors slould beas narto the AK4628 asposdble, with the snall value caamic capaitor beng
the narest.

2. Voltage Reference Inputs

The voltage of VREFH sets the aralog input/output range. VREFH pinisnormaly conneceédto AVDD with a Q1pF
ceamic capadtor. VCOM isasigna groundof this chip. An eedrolytic capadtor 2.2uF parallel with a0.1uF ceramic
cgpactor atachedto VCOM pin eiminatestheeffecs of high frequeng noise No load current may bedravn from
VCOM pin. All signds, espeially clocks, stould bekept away from the VREFH and VCOM pinsin orderto avoid
unwanted caipling into the AK 4628.

3. Analog Inputs

ADC inputs aresingle-erded andinterndly biasedto VCOM. Theinput sgnd range sales vith the sypply voltageand
nominally 0.62 x VREFH Vpp (typ) @fs=48kHz The ADC output dataforma 2's canplimert. The DC off setisremoved
by the intenal HPF.

The AK4628 samples the analoginputs at64fs. Thedigital filterrejects roiseabove the stop bard except for multiples of
64fs. The AK4628 includes a anti-aliasing fil ter (RCfilter) to attenuae anoisearound 64fs.

MS0211E-02 200403
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4. Analog Outputs

The anéog ouputs are dso sinde-ended ard centeral aroundtheVCOM voltage.Theinput Sgnd rang scdeswith the
syoply voltageandnominally 0.6x VREFH Vpp. TheDAC input dataformat is 2's omplement. Theoutput voltageis a
positive full salefor 7HFFFRH(@24it) anda negativefull sale for 8@O00H(@24hkit). Theideal aitput is VCOM
voltage for 00000H(@24hit). Theinternal analog filters emove most ofthe nase generatedby the ddta-sigma
moduator of DAC beyondthe audo pasdand.

DC offsets on andog outputs are eliminaed by AC couging since DAC outputs haveDC offsds of a few mV.

W Periph eral I/F Example

The AK4628can acep the sgna of device with anominal 3.3V spply becawseof TTL inpu. Thepower sugply for
output buffer (TVDD) of the AK4628 should be 3.3V when the peripheral devices operaat a romina 3.3V supply.
Figure27 shavs an exanple with the mixed systen of 3.3V and 5V.

3.3V Analog 5V for input 3.3V Digital
Audio signal
PLL IIF >
> DSP
AK4112B
5V Analog 3.3V for output 5V Digital
- uP &
Analog Digital< Others
Control signal

AK4628

Figure 27. Power supply connection example
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| PACKAGE

44pin LQFP (Unit; mm)

12.80+0.30 1.70max

10.00

Annnnonnnor

O
LJUITUD

44

0.80
Innnononnng
" TUTTTTITIT
10.00
/ \
| T AL

0.3720.10 0.17+0.05
0°~10°
0.60+0.20

W Package & L ead frame material

Padkagemol ding compound Epoxy

Lead framematerial: Cu

Lead framesufacetreamert:  Solder (Pb free) pate
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ASAHI KASH [AK4628

MARKING |

HERTATRM AT

— AKM =
— AK4628VQ —
—  XXXXXXX —
— —
| E— O I

QTR

1) An#1 indcdion

2) Date Code: XXXX XXX(7 digits)
3) Marking Cade: AK4628/Q

4) Asah Kasi Logo

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.

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

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

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

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