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PORTABLE CONSUMER CODEC
LOW-POWER, HIGH-FIDELITY INTEGRATED CODEC

The ACS422x68 is a low-power, high-fidelity integrated
CODEC targeted at portable applications such as tablet
computers, personal navigation devices, portable projec-
tors and speaker docks. In addition to a high-fidelity

low-power CODEC, the device integrates a stereo DDX™
Class D speaker amplifier and a true cap-less headphone
amplifier. Beyond high-fidelity for portable systems, the
device offers an enriched “audio presence” through built-in
audio processing capability.

TARGET APPLICATIONS

e Tablet Computers

* Portable Navigation Devices
* Personal Media Players

* Portable Projectors

e Speaker Docks

ACS422x68

FEATURES

¢ High fidelity 24-bit stereo CODEC
+ DAC 102dB SNR; THD+N better than -82dB
+ ADC 90dB SNR, THD + N better than -80dB

e Built in audio controls and processing
» 3D stereo enhancement
+ Dual (cascaded) stereo 6-band parametric equalizers
*  Programmable Compressor/Limiter/Expander
+  Psychoacoustic Bass and Treble enhancement
processing

 Filterless Stereo DDX™ Class D

Speaker Driver /—/—%
. 1W/channel (8Q) or 2W/channel D.rﬂ?

(492), 0.05% THD+N typical
«  Tri-state DDX™ Class D achieves low EMI and high
efficiency
>80% efficiency at 1W
*  Spread spectrum support for reduced EMI output power
mode
*  Anti-Pop circuitry

¢ On-chip true cap-less headphone driver
* 35 mW output power (16Q)
*  Charge-pump allows true ground centered outputs
 SNRof 102dB

e |2S data interface

e Microphonel/line-in interface
*  Analog microphone or line-in inputs
» Digital microphone (ACS422D68)
+  Automatic level control

*  On-chip lows-jitter PLL for audio timing

¢ Low power with built in power management
1.7V CODEC supports 1Vrms
*  Very low standby and no-signal power consumption
+ 1.8V digital / 1.7V analog supply for low power

«  2-wire (IC compatible) control interface

¢ Package Options
e 68-pin dual row 6x6 mm TLA package
*  63-pin dual row 5x5 mm HLA package

DDX™ and the DDX logo are trademarks of Apogee Technology.

1 V1.8 08/13

©2011 INTEGRATED DEVICE TECHNOLOGY, INC.

ACS422X68



ACS422x68
LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC

TABLE OF CONTENTS

IO V8 Y | 8
R =1 To o3 B I F= o =T o 1 F= USRS 8
1.2, AUIO OULPULS ..ottt et r et e s bt e s bt e e st e e nr e e e esre e e naneeesnnee s 9
IR TR 0 o [ o T Lo o £ PP RRRS 10

2. POWER MANAGEMENT ....ooiiiiiitiiriiirrerssssssr s ssssmss s s sssssss e s s s smss s s ssssmns s s sssssnsss s ssssnnsesssnssnnes 1
2t TR O o o) I LT 1] (= 11
2.2. Stopping the Master CIOCK ..........eiiiiiiiiiiie et e e e e e e e et eea e e e sanaeeansaeeeeeennees 12

3. OUTPUT AUDIO PROCESSING ........eiiiiiiiiiiiiismmsmn s mmsss s s mmmnmn e 13
B Tt B B L O =Y 44T 1Y | PR RRR SR 13
3.2. VOIUME CONTIOL ...ttt ettt ettt e et ekt e ettt e san e e ea b e et e e e saneeeenbaeenan 14
3.3. Digital DAC VOIUME CONIOI .......oiiiiiiiiiie ettt ettt e ereeesreee e 15
3.4, ParametriC EQUAIIZET ......ooeieieeeeiieee ettt e e e e e e e e e e e e e e e e e e e e e e e e aanannnnrnraaaa 15

3.4.1. Prescaler & EQUAlIZEN Filter ........ooooouiiiiiiieiee e e 16
3.4.2. EQ REGISIEIS ..ottt ettt ettt et s e et e e nneee s 17
3.4.3. Equalizer, Bass, Treble Coefficient & Equalizer Prescaler RAM ..........cccocoeviiiiiiieninnenn. 18
3.5. Gain and Dynamic Range CONMIOl ..........coiiiiiiiiiiiiie ittt e 21
B TG 101 Y USRS ERR 22
3.7 COMPIESSOL ...uuiiiie ettt e e ettt e e e ettt e e e e e etae e e e e e e eaaeeeeeesatseeeeesaabaeseeesaasbaseeeeaasssseeeseannteessnsbeeaeeesansrnnas 22
R 0 T 00 1T T8 = 1 oo SRS S 23
3.7.2. Controlling PAramMELErS .........ccciuiiieeeiiiiee ettt e et e e e e e e e e et e e e e e snra e e e e e aaeaaean 24
B.7.3. OVEIVIEW ..ttt ettt e e et e e e e e s bttt e e e e e s ateeeeeaansseeeeeeannsseeeeesansseeansseneaann 24
3.7.4. Limiter/Compressor REGISTEIS .........uiiiiiiiiii e 26
3.7.5. EXpander REJISIEIS ......ooo it 28
B T O 10 {10 4 = 1 (=Y ot USROS PURRROPI 29
3.9. Stereo Depth (3-D) ENh@nNCEMENT ........oiiiiiiiiiieeie e ereeeenes 29
3.10. Psychoacoustic Bass ENhaNCEMENT ............coociiiiiiiiiiiee et e e e 30
3.11. Treble ENNANCEMENT ........oi ittt e et 31
3.12. Mute and De-EMPR@SIS .....ccouuiiiiiiiiiiii e 32
3.13. Mono Operation and Phase INVEISION .........coiiiiiiiiiiiie et 32
3.13.1. DAC CoNtrol REGISLET  .....eeiieieiieeeii ettt e e s e e et e e e e e e e s 32
3.13.2. Interpolation and FilteriNg ......coooi i 33
B Tt S N =1 [o o [ @ 101 o] U] (PR OSRPRR SRR 34
3.14.1. Headphone OUIPUL .........eeiiiiiieei ettt neee s 34
3.14.2. SPEAKET OULPULS ...eeiiiiiiiiiie ittt ettt e et enneee s 35
3.14.3. DDX™CIass D AUTIO PrOCESSING .........oveoveireieeeeeeseeeeeseeeeeseeeeeseseeeee s 35
3.15. Other Output Capabilities ...........cooiiiiiiiiiie e e e e e raee s 40
3.15.1. Audio OULPUL CONLIOI ......eeiiiieee et e e 41
3.15.2. HEadPhone SWILC ......coiiiiiiiii et e e et e e e et e e e esraeeae s 41
3.15.3. Headphone OPEration ...........cooiiiiiiiiiiiie ettt 42
3.15.4. EQ OPEIAtiON ..c.ueiiiiiiiiieie ettt ettt n 42
3.16. Thermal SHULAOWN ... ettt e e et e e e e ettt e e e e e ae e e e e e e nneseeaanbeeeaaeannneeas 43
3.16.1. Algorithm desCriptioN: ......ccoi e 43
3.16.2. Thermal Trip POINTS. .oooiiiiiiii e e e e e e e e e e e e e e e e e erennees 43
3.16.3. Temperature Limit State Diagram: ..........coooiiiiiiiic e 44
3.16.4. INStaNt CULt MOAE .....o..eiiiiiie et 44
3.16.5. Short Circuit Prot@CoN ...........eeiiiiiiiiii e e 45
3.16.6. Thermal Shutdown REGISIErS .......c.oiiiiiiiiiie e 45
4. INPUT AUDIO PROCESSING ......coooiiiceirerrircsmrresssssmmressssssmsessssssmsesssssssnsessssssnsessssssansesssnssnes 48
o N o= oo I [ ] UL OO EPP PRSP 48
S O T [ 0 o 10 Q=T 1S3 (Y PR 49
4.2. Mono Mixing and Output Configuration ..............cccciiiiiiiiiiiie e e 49
4.2.1. ADC REGISIEIS ..ottt e e et e e e e s e e e e et aa e e e e e b e e raae s 50
4.3. MiICrOPRNONE BIS .. .eeeiiiiiiiitei ettt et n 51
4.3.1. Microphone Bias Control REGIStEr ..........cccoiiiiiiiiiiiiec e 51
4.4. Programmable Gain CONTIOl ..........ceiiiiiiiiii ettt ern e 51
4.4.1. Input PGA Software Control REGIStEr. ........c.ceiiiiiiiiiie e 52
4.5. ADC DiGiItal FIlLEI ..ottt ettt et sb e et r e 52
2 V1.8 08/13

©2011 INTEGRATED DEVICE TECHNOLOGY, INC. ACS422X68



ACS422x68
LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC

4.5.1. ADC Signal Path Control REgISter ...........ooiiiiiiiiiii e 54
4.5.2. ADC High Pass Filter ENnable MOdES ..........coeeiiiiiiiiieiiie e 54
4.6. Digital ADC VoIUME CONIIOl .......oeiiiiiiiiiie ettt e e et e e e e et e e e e e e asaeeeessaeeeeeeennes 54
4.6.1. ADC Digital REGISIEIS ......eeiiiiieicceeie et e e e e a e e erree s 55
4.7. Automatic Level CONTrol (ALC) ....ooiiiiiiieieiee ettt ra et ene e aneee s 55
4.7.1. ALC OPEIAtiON ..ottt ettt ettt e a et e e nr e 55
4.7.2. ALC REJISIEIS ..ottt ettt ettt e b e e n e e ean e 57
4.7.3. PeaAK LIMITET ..ottt e e e e e e e e et e e e e e e e e e e nnneeas 58
0 S [ T o 10 1 A I Tt = =1 o ] o PSRRI 58
4.8. Digital MiCrophOne SUPPOIT .......ueiiiiiiiiiiiie ettt e e e et e e e e et e e e e e sataeeaesssasbeeessseeeeeannnes 58
4.8.1. DMIC REGISIEI ..ottt ettt ettt e nre e 61
5. DIGITAL AUDIO AND CONTROL INTERFACES ....... s er s e s s s e e e s snnnes 62
LT I D= = T [ (= = Lo TSRS RRR SR 62
5.2. Master and Slave Mode OPEration ............ceiiiiiiiiiie i 62
5.3. AUdiO Data FOIMALS ......cooiiiiiieie ettt e e e et e e e e et eenb e e e e e e nneeeas 63
5.4. Left Justified AUIO INTEITACE ......ccuiiieee e e e e e e enes 63
5.5. Right Justified Audio Interface (assuming n-bit word length) ...........ccocciiiiiiiii e, 63
5.6. 12S Format AUdIiO INTEITACE ......ooiiiiieiei et e e e e e e e e e e nneeeas 64
5.7. Data Interface REGISIErS .........oiiiiiiiiii ettt 64
5.7.1. Audio Data Format Control REGISter ...........cooiiiiiiiiiic e 64
5.7.2. Audio Interface Output Tri-state ..........coooiiiiiiiiiii e 65
5.7.3. Audio Interface Bit Clock and LR Clock configuration .............ccccoeiireniiiniee e 65
5.7.4. Bit Clock and LR Clock Mode SeleCtion ............ooouiiiiiiiiiiieiieee e 66
5.7.5. ADC OULPUL PiN SEAE ....oooiiiiiiiiiiiie e 67
5.7.6. Audio Interface Control 3 REGISIEr ........ccoouiiiiiiiiii e 67
LI TR = 11 @ T Tod 1 e T [ OSSPSR 67
LT TR @70 a1 (o] I o1 (=T =7 PSSP 68
5.9.1. RegiSter Wit CYCIE .....ooiiiiiie ettt e e see e e st e e e e e eneenneee s 68
5.9.2. MUIIPIE Wt CYCIE ...ttt e e e et a e e e s nta e e e e e sreeaeean 69
5.9.3. Register REAA CYCIE ......cooiiiiiiiiieit et anee s 69
5.9.4. MUHIPIE REAA CYCIE ....ooieiiiiiiie ettt nne s 70
5.9.5. Device Addressing and Identification ............ccccooriiiiiiini 70
6. AUDIO CLOCK GENERATION .......oiemriiririeisssssssssssssssesssssesssssssssssssnssssssssssssssssssssssnnnsnssnes 72
6.1. Internal Clock Generation (ACLK) .......ooiiiiiiiie ettt e e st e e e see e e sneeeesmneeeeeeeenns 72
L0 I O 4 {4 = 1 SR 72
6.2. ACLK Clocking and Sample RaAteS ........c..eiiiiiiiiiiei ettt e e e 72
6.3. DAC/ADC Modulator Rate CONMIOl ...........uiiiiiiiiiii ettt e e e e e e e eeeeas 73
7. CHARACTERISTICS ......eecciciiisis s s s s s sr s s e s e s s e s s s msssss s s s sssssssssssssssseses e s e e s e s s s s nsnnnnnnnnsnsssnssnnnn 75
7.1. Electrical SPECIfICatIONS ........c.ueiiiiiiiiiiiiee et 75
7.1.1. Absolute Maximum RatiNgS .......ooiiiiiiiii e 75
7.1.2. Recommended Operating ConditioNS ...........cooiuiiiiiriiie e 75
7.2. DEVICE CharacCteriStICS .....c.eiiiiiieeiiiie et ee et e et e e et e e et e e sneeeeanteeeeaeesmneeeeneeeeenns 76
7.3. PLL Electrical CharaCteriStICS .........coeiueiiiiiiiiiiieeiie ettt s e et e et eeeeeeeenes 78
8. REGISTER MAP ...ttt et e s e e e e e e s s s s s s s sa s e se s e e e e e e e e e e e s nennnnnnnssnsssnnnnnnn
9. PIN INFORMATION
9.1. ACS422XB8TAG Pin DIGQIamM .....ccuuiieeiiiieiiieeeciieeeeiee e et ee e ettt eeete e e s eteeaestaeeeesseeessseeessteeessseesassensseeenns 81
9.2. ACS422XB8NAG Pin DIAQIram .....cc.uiiiiiiieiiieeeiiee ettt ette et e et e st e e st e e esaeesbeeeasssessnnseesssseasseeenns 83
9.3. ACS422XB8TAG PiN TabIES ....eoiiiiiiieiiiie ettt et e et e e st e e st eeenneeessneesaeeenns 85
9.3.1. ACS422XB8TAG POWET PINS ....eiiiiiiieiiiie ettt et e e s e e s eeeneeeenes 85
9.3.2. ACS422xB8TAG REFErENCE PINS ....eiieiiiieiiee et e e 85
9.3.3. ACS422x68TAG ANalog INPUE PINS ...cc.eeiiiiiiie e 86
9.3.4. ACS422x68TAG Analog OULPUL PINS .....ooiiiiiiiiiie e e 86
9.3.5. ACS422x68TAG Data and Control PINS ..........eoiiiiiiiiieii e 86
9.3.6. ACS422XB8TAG ClOCK PINS ....eeiieiiieeie ettt e e e e e 87
9.4. ACSA22XB8NAG PiN TaADIES ....eoieiiiieiiiie ettt e et et e et e e snee e e snaeeesnteeesneeesnseeseeeenns 87
9.4.1. ACS422X68NAG POWET PINS ....eiiiiiieiiiee ettt see e e e e et e e s e e enneeesnneeas 87
9.4.2. ACS422X68NAG REFErENCE PINS ...ooiiuiiiiiiieeiit et 88
9.4.3. ACS422x68NAG ANalog INPUL PINS ....oeiiiiiiieeee e 88
9.4.4. ACS422x68NAG Analog OULPUL PiNS ...c.eoiiiiiiieiiiii e 88
3 V1.8 0813
©2011 INTEGRATED DEVICE TECHNOLOGY, INC. ACS422X68



ACS422x68
LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC

9.4.5. ACS422x68NAG Data and Control PiNS ..o 89
9.4.6. ACS422XB8NAG ClOCK PiNS ....ceeeeiieeie ettt e 89
10. PACKAGE INFORMATION ......ooiiiiiiriiiniissscscssssssssse s s esssssss s ssssmsssssesesessssssssssssnnnsnssnnssnnsss 90
10.1. TAG/TLA PacKage DIraWIiNg ....c.cocuiiiiieiiiiiiie e ittt e ettt a e e et e e e e e satteaeessnsbaeaessensseseeeaannes 90
10.2. Pb Free Process- Package Classification Reflow Temperatures ...........ccccooovveeiieiiieniceiieeeeee 90
11. NAG/HLA PACKAGE INFORMATION .......ciciiiiiiiiiiiirircrrrssr e scssssss s ssssssssse s s s s e s e s s e snsnnnnn 91
11.1. NAG/HLA Package DIrawing .......cooeeeiiiieiiiieiiiee ittt ettt s e e nnnee s 91
11.2. Pb Free Process- Package Classification Reflow Temperatures ............ccccooviiiiiieiiiiiciiecnen. 9
12. APPLICATION INFORMATION ......oiiiiiieicccccccssmsrnreen s e se s s s smsms s ne s e e e s s e s s mmnmne s a e e nneeas 92
13. ORDERING INFORMATION ...t ccccccsnssnnre s e e s s s s s s s s sssmnn s s e e e s e s s s s s s smmnnmnsnassenssas 92
14. DISCLAIMER .......cuceiitiiriiis e s ssssnsee e e s e s e s s e s s s s s am s e s e e e e e s e e s s e s s nnmmsnne e e neeeesensssssnnnennnnnns 92
15. DOCUMENT REVISION HISTORY .....oiiiccccceemrrirrerrs s sssssssssssse s e s s s essss s ssssmmssnsssssssessas 93
4 V1.8 08/13
©2011 INTEGRATED DEVICE TECHNOLOGY, INC. ACS422X68



ACS422x68
LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC

LIST OF FIGURES

Figure 1. ACS422x68 TLA BIOCK DIi@gram .........coeiiiiiiiiiiiiie ettt e e 8
Figure 2. ACS422x68 HLA BIOCK DIagram ........cccoiiiiiiiiiiiiie ittt e e ane e 9
Figure 3. Output AUCIO PrOCESSING ....eiiiiiieiiiiieiie e ie ettt et e st e e st e e st e e e s e e e sneeeanaeeenseeeeneeeanneeean 13
Figure 4. Prescaler & EQ FiltErS ........oiiiiiiiiiie ettt st e e e smt e e snee e naeee s 16
Figure 5. 6-Tap IR EQUAIIZET FIltEI .......ueieieiiieiiiiieeee et e e e e e e e s e eeeee s e e esnnnenennees 16
Figure 6. DAC Coefficient RAM WIit€ SEQUENCE .........ooiiiiiiiiiiiiiiie ettt e 18
Figure 7. DAC Coefficient RAM Read SEQUENCE .........coiiiiiiiiiiiiiiiiie ettt 19
Figure 8. Gain Compressor, OUPUL VS INPUL ......ooiiiiiiii e e 22
Figure 9. Compressor BIOCK diagram ........c.o.uii it e eee e e st e e e e e e s ee e sneeeenneee s 24
Figure 10. 3-D Channel INVEISION .........eoiiiiieeie ettt et e et e e e e e e saee e e smaeeenneeeeeneeesnneeenn 30
Figure 11. Bass ENNANCEMENT .........oooiiiiiiiie ettt e e e e et e e e e e e b aeeeeeetbaeaeeannbeneaeean 30
Figure 12. Treble ENNANCEMENT .........ooiiiiiiiiiiii ettt b et eneee s 31
Figure 13. Interpolation and FIREMNG ........cooiiiiiiiiii e e 33
Figure 14. Constant OUtPUL POWET EFTOX .........ooiiiiiiie et 37
Figure 15. Constant Output Power nominal and high/IoW ............ccoiiiiiiiii e 37
Figure 16. Temp sense volume adjustment algorithm ... 44
Figure 17. INPuUt AUAIO PrOCESSING ....vviiiiiiiiiiie ettt e et e e e et e e e e et e e e s e sareeeeesbaeeeeannsaneaeean 48
FIGUIE 18. IMIC BIAS ..ttt ettt b e e eab et e st e et bt e e et e e sneee s nneee s 51
Figure 19. ADC Filter Data Path .........ooiiiiiiii et 52
Figure 20. ADC INPUL PIrOCESSING .....uvvieiiiieiiriieetee ettt ettt e e et se et e st e e eae e e e s ne e e e ae e e e e sneeesaneee s 53
Lo [0 L2 I IO oY= = oo S 55
Figure 22. Single Digital Microphone (data is ported to both left and right channels) ...........cccccccociiiiiie. 60
Figure 23. Stereo Digital Microphone Configuration .............ccoccuiiiii i 61
FIGure 24. Master MOGE ........oiiiiiiiiiiie ettt ettt s bt e bt e ettt e s b et es bt e e et e e sneeesaneee s 62
FIGUre 25. SIAVE MOGE .....ooiiiiiiiii ettt ettt st e e bt e ettt sab bt e et e esneeesnneee s 62
Figure 26. Left Justified Audio Interface (assuming n-bit word length) ..........ccccoiiiiiiiii e, 63
Figure 27. Right Justified Audio Interface (assuming n-bit word length) ..........cccccoiiiiiiiiienie e, 63
Figure 28. 12S Justified Audio Interface (assuming n-bit word length) .........ccccoooiiiiiiiii e 64
Figure 29. Bit CIOCK MOGE .......cooiiiiiiiiii et e ettt e e e ettt e e e e st e e e e eabe e e e e e sassaaesensbaeaeeannssnneaean 68
Figure 30. 2-Wire Serial Control INTEIrfacCe ...........ooiuiiiiiiii e 69
Figure 31. MUIIDIE WIHEE CYCIE ..ottt ettt et e e s 69
Figure 32. REAA CYCIE ...ttt e bt et e e s e e e bt e e e e e e sne e e s ne e s 70
Figure 33. MUItiple REAA CYCIE .......ooiiiiieeiiiie ettt ettt e st e e st ee e st e e e s e e aneeeeeneeesennee s 70
Figure 34. ACS422XB8TAG PINOUL .....oeiiiiiiiiiiieiiieeie ettt e et e e st e e st e e s eeeesneeeesneeeenneesneeeanneeean 81
LT 01T o TSP UTRR USRS 82
Figure 36. ACSA422XB8NAG PINOUL .......ooiiiiiiiieiieiie ettt ettt e et te b e s sa et e e sneeebeesneeenbeenees 83
Lo [0 (=G PSPPSR PUPPR 84
Figure 38. Package OULIINE .........oi ittt et e et sne e e neee s 90
Figure 39. NAG/HLA Package OULIINE ......cc.oiiiiiieiiee ettt e e e e e e eeesneee e nneee s 91
5 V1.8 0813

©2011 INTEGRATED DEVICE TECHNOLOGY, INC. ACS422X68



ACS422x68
LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC

LIST OF TABLES

Table 1. Power Management ReISter 1 ... ... o ettt e e et e e e e e eea e e enees 11
Table 2. Power Management REGISEr 2 ...ttt et e e e e e e e e e e e e e e eanees 11
Table 3. Power Management Register1 -- Master Clock DiSable ..........cccccveiiiiiiiiieiiieeee e 12
Table 4. DC_COEF _SEL REQGISIE .....cciiiieiie ittt ettt e e e et e e e e e saae e e e e e s stsesnsseeeeeennses 13
Table 6. Volume Update Control REGISTEI ..........coiiiiiiiiieiiiee et e e e e et e e e e eeanes 14
Table 5. CONFIGO REGISIET ......oiiiiiiiiiieiiii ettt e b e et rae e e st e e enee e s nees 14
Table 7. Gain Control REGISIEN .......ooiiiiiiii et et 15
Table 8. DAC Volume Control REGISTEIS ..........iiiiiiiiiie ettt ee e e et e e e e e et e e e e aneeeeaaeaannes 15
Table 9. CONFIGT REGISTET .....oi ittt ettt e e st e e et e e st e e e st e e enneeeeneeeanneeeeneeeennees 17
Table 10. DACCRAM Read/Writ€ REGISLEIS ........oeiiiiieiiie ettt e e e e e e 17
Table 11. DACCRAM Address REGISIEI ........ooiiiiiiiiiie et se e e e e et e e e e s eaneeeaeeenees 18
Table 12. DACCRAM Status REGISTET ......cooiiiiiiiiiiiiiie ittt 18
Table 13. DACCRAM EQ AQUIESSES .......oiiiiuiiiiiiieeitit ettt ettt sttt st et e et s e e sbe e e ene e e s nees 20
Table 14. DACCRAM Bass/Treble AdAreSSES .......ccocuiiiiiieiiiieeiee ettt 21
Q= Lo L= K T O L O I I =Y 1 Y 26
Table 16. MUGAIN REGISTET .....coeeiiiiieeeiie ettt e e et e e e et e e et e e e eaeeeenteeesneeeenseeeenneeeenees 26
Table 17. COMPTH REGISIEN ......uviiieiiiiiiei ettt e e e et e e e e et e e e e e s eabe e e e e e eaabaeeeesaaaeaessnsseeeaeaanses 27
Table 18. CMPRAT REGISLEN .....coiueiiiiiiie ettt ettt e et bt e et re e et e e eane e s nees 27
Table 19. CATKTCL REGISIEI ....oiiiiiiiiiie ittt ettt ettt ettt ne e b e e ene e s 27
Table 20. CATKTCH REGISIEN ...ttt e s e et e e e enn e e ne s 27
Table 21. CRELTCL REGISTEI ....eiieiieiiiee ettt ettt et e e e ent e et e e e snteeeenaeeeeeeenneeeeneeeenees 27
Table 22. CRELTCH REGISTET ....ccueiiiieiieeiiie ettt ettt e st e e et e e st e e et e e eneeeenneeenneeeeneeeenees 27
Table 23. LIMTH REQISIEN ....ueiiiiiiiiiiiiie et e e e e e e e e e e e e st ee e e e e aeeaaeeeeeanssbebsaaneneeeeeeeaeens 27
Table 24. LIMTGT REGISIEE .. ..ottt ettt b e b e e bt ean e e sab e e e nn e e nnees 28
Table 25. LATKTCL REGISTET ....coueiiiiiiieetie ettt rr e et e s e e 28
Table 26. LATKTCH REGISIEI ... ittt s s et e e 28
= Lo L= I I O I =Y o £ (Y 28
Table 28. LRELTCH REGISIET ....oiueiiiiiieeiiii ettt ettt s e st e e st e e st e e e neeeeneeeenneeanseeeeneeeenees 28
Table 29. EXPTH REQGISIEN ...ttt e sttt e e e e e aaaaaeeeeaeas s e s e snsebeaaneeeeeneaeaeens 28
Table 30. EXPRAT REGISIEI ...ttt ettt et e et e e s e 28
Table 31. XATKTCL REGISTET .....ciieiiiiiieeitee ettt ettt e bt e et e e e e sab e e ene e e s e 29
Table 32. XATKTCH REGISIET ...ttt e e bt e e 29
Table 33. XRELTCL REGISTET ... ..eiieiiiiie ittt ettt e e et e s ae e e saeeeeante e e emeeeenneeeeneeeenees 29
Table 34. XRELTCH REGISTET ....ceueiieiiiee ettt et e et e et e e e nte e e ene e e e amee e e sneeemneeeeneeeenees 29
Table 35. FX CONrol REGISTET .......cooi it et e e e s et e e e e et a e e e e e etaeeaeesntaeeeeesannes 29
Table 36. CNVRTRT REGISIEN .......eeiiiiiiiitie ittt b e sb e et e e ene e e nees 32
Table 37. HPVOL L/R REGISIEIS .....ciiiuiiiiiiiiiiie ettt ettt ettt b ettt e e e e 34
Table 38. SPKVOL L/R REJISIEIS ......eeiiiiiiiiiiiitie ettt e e e 35
Table 39. Constant Output POWET 1 REGISIEN .......cooiiiiiiiie e 38
Table 40. Constant Output POWET 2 REGISIET .......coiiiiiiiiie et 38
Table 41. Constant Output POWEr 3 REGISTET .........veiiiiiiiiiiiee et e e et e e e e ere e e e e enaees 39
Table 42. CONFIGO REGISTET ...coouiiiiitiieeiiie ettt ettt e bt e et re e e sab e e ene e e e s 39
Table 43. PWMO REGISTET ...ttt ettt st e b e bt et e sab e e e e e e s 39
Table 44. PWMT REGISTET ...ttt ettt s e et e e s e e e nn e e nnes 40
Table 45. PWM2 REGISTEE ...ttt et e e e ettt e e e e eae et ee e e e abeeeeeeaeeeeeeesneneeeeeaannes 40
Table 46. PWM3 REGISIEN ...ttt e ettt e e ettt e e e e eat et ee e e e nbeeeeeeeteeeaeeannteeeeeeaannes 40
Table 47. Power Management 2 REGISIEN .....coooiiiiie et e e e e e e e e e e e e s e e e e e e eaaaeas 41
Table 48. Additional Control REGISIET ........ooiiiiiiiiiiiii e 42
Table 49. Headphone OPEration ...ttt e e e 42
Table 50. EQ OPEIatiON ......ccccuiiiiiiieiiiie ettt st et e et e e san e e sabe e e et s e e e sab e e e enn e e nne s 42
Table 51. Additional Control REGISET ........oooiiiiiiiie e 45
Table 52. THERMTS REGISIEI ......eeiiiiiieiiiie ettt et et e et e st e e et e e e nnee e e eneeenseeeeneeeenees
Table 53. THERMTSPKR1 Register

Table 54. THERMTSPKR2 Register

Table 55. Input Software Control REGISTEr ...........eiiiiiiii e 49
Table 56. INMODE REGISIET ......ccueiiiiiieiiii ettt et s e et e st e e e e sab e e e e nn e e e nees 50
Table 57. CNVRTRO REGISIEN .......oeiiiiiiiiiie ittt ettt e s e e e e e 50
Table 58. AIC2 REGISTET .....oeiiiiieiiie ettt ettt e et e e st e e e s te e e saseeesnseeeanneeenneeeanneeeaneeeenees 50

6 V1.8 08/13

©2011 INTEGRATED DEVICE TECHNOLOGY, INC. ACS422X68



ACS422x68

LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC
L. _______________________________________________________________________________________|

Table 59. Power Management 1 Register - Mic Bias ENable .............cccooiiiiiiiii e 51
Table 60. INVOL L&R REGISIEIS .....ooeiiiieiiiieiiiie ittt ettt see e e e et e e e enee e e enteanneeeeneeeenees 52
Table 61. CNVRTRO REGISIET ......ciiiiiiiiiiie ettt e ettt e e et e e e s e st e e e e e s sasbeeeeesssbaeaeesnsseeeeesanses 54
Table 62. ADC HPF ENADIE .........ooiiiiieiiieee ettt ettt et neenne e 54
Table 63. L/R ADC Digital Volume REGISIEIS ........cooiiiiiiiiii e 55
Table 64. ALC CONtrol REGISIEIS .....o..eiiiiiii ittt s 57
Table 65. NGATE REGISIEI .....ueiiiiiieiie ettt s e st e et na e e e aab e e e e nn e e nnes 58
Table B6. DMIC CIOCK ....ccuiiiuiietiiiie ettt st et h ettt eb e s et et e e sae e sa e st e e b e e nbeeeneenneean 59
Table 67. Valid Digital Mic Configurations ............cooouiioiiiriiee e e e e e 60
Table 68. DMICCTL REGISIET ......uviiiiiiiiiiii ettt e et e e e e e e e e e s eabe e e e e e eenbaeeeeseaeeaeesnsneeeeeaanses 61
Table 69. AlCT REGISIET .....eiiiiiieiiie ettt e e et e rae e e s e e et e e nnees 64
Table 70. AlC2 REGISIET .....oeiiiiieiiiie ittt ettt ra e sa e e et e ran e e sab e e e sbe e e nnes 65
Table 71. Bit Clock and LR Clock Mode SelECHON ...........ueiiiiiiiiiie et 66
Table 72. ADC Data Output Pin STAtE ........ocoiiiiiiiii e e e e e e eaees 67
QI Lo LR TR [0 B =Y £ () R 67
Table 74. Master Mode BCLK Frequency Control REGISIEr ...........ooviiiiiiiiiie e 68
Table 75. DEVADRI REGISIEN .......oiiiiiiiiiiii ettt see e e 70
Table 76. DEVID H&L REGISTEIS .....coiiuiiiiiiiiiiiii ittt ettt 71
Table 77. REVID REQISIEN ..ottt e e ettt e e e ettt e e e e s s e e e e e e e seeeaeanseeeaaeannsneeaaeaannes 71
Table 78. RESET REGISIET .....coi ittt e e e et e e st e e s te e e s et e e enneeeanseeeeneeeenees 71
Table 79. ADCSR REGISIET ......eiiieiee ettt et e e ettt et e e eae e e e emte e e snneeeaneeeeeaeeeneeeanneeeeneeeanees 72
Table 80. DACSR REGISIET ... ittt et e e e e e e e e e e e e e e e e ssaeeeeaesseeaessnsseeeaesannes 73
Table 81. ACLK and Sample RAES ......coouiiiiiiiiiie ettt 73
Table 82. CONFIGO REGISTET ....ooueiiiiiieeiiiee ettt ettt et e et e re e e st e e e e e e e s s 74
Table 83. SDIM RALES ... ..ttt oot e e e e ekttt e e e e ae et e e e e e neeeeeeeaannbeeeeaanneeeeaeeanreeeaaeaannas 74
Table 84. Electrical Specification: Maximum Ratings .........cooeiiiiiiiiie e 75
Table 85. Recommended Operating ConditioNS ..........ccviiiiiiiiie e 75
Table 86. DeViCe CharacteriStCS .........cciiiiiiiiiiiiieeiie ettt et e e se e e sne e e anbeeeeneeeenes 76
Table 87. PLL Section DC CharacCteriStiCS ..........iueiiiiiiiiiie e 78
Table 88. REGISIEN IMAD .....eeeiiiii ettt ettt ettt e ettt e e et eene e 79
Table 89. ACS422X68TAG POWET PINS ...ttt sttt neesaee 85
Table 90. ACS422X68TAG REfErENCE PINS .....ociiiiiiiiiie ettt e s e e e e e e eneeeenes 85
Table 91. ACS422x68TAG ANalog INPUE PINS .....eiiiii et e e e 86
Table 92. ACS422x68TAG Analog OUIPUL PINS .......cooiiiiiiiiee et e et e e e e e e eeees 86
Table 93. ACS422x68TAG Data and Control PINS .......oocuuiiiiiiiiiii e 86
Table 94. ACS422XB8TAG CIOCK PINS .....uiiiieiiiitiieiie ettt sttt ettt sbe e s be e sbeesnbeeneeenneesaneans 87
Table 95. ACS422X68NAG POWET PINS ..ottt e ettt e e e e sttt e e e e e antaeeeaeeaneeaaeaanees 87
Table 96. ACS422X68NAG REFEIENCE PINS ....ooiiuiiieiiiie ettt see e e s e e eneeeenes 88
Table 97. ACS422x68NAG ANalog INPUE PINS .....eiiiiiii et 88
Table 98. ACS422x68NAG Analog OUIPUL PINS ......ueiiiiiiiiiiic ettt e e e e e e e eaees 88
Table 99. ACS422x68NAG Data and Control PiNS ........cc.eiiiiiiiiiiiiiiiee et 89
Table 100. ACS422XBBNAG CIOCK PINS ....ooiuiiiiieiieiie ettt sttt sttt e te b see e aenneesaneans 89
Table 101. RefloW TEMPEIrAtUIES .......c.eiiiiii e e 90
Table 102. REfIOW TEMPEIATUIES .......cccuviiiieetee et e ettt e e e e et e e e e e et e e e e e e e ateeesnbseeeeeaannes 91
7 V1.8 08/13

©2011 INTEGRATED DEVICE TECHNOLOGY, INC. ACS422X68



ACS422x68
LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC

1. OVERVIEW

1.1. Block Diagrams

The ACS422x68 is an advanced low power codec with integrated amplifiers and timing generators. To support the
design of audio subsystems in a portable device, the ACS422x68 features an intelligent codec architecture with
advanced audio processing algorithms, integrated with a true cap-less headphone amplifier, 1W/channel (8Q) or

2W/channel (4Q) filterless DDX™ stereo class D amplifier, and microphone interface with programmable gain.
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Figure 1. ACS422x68 TLA Block Diagram
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Figure 2. ACS422x68 HLA Block Diagram

1.2. Audio Outputs

The ACS422x68 provides multiple outputs for analog sound. Audio outputs include:

* A 1W/channel (8Q2) or 2W/channel (4Q) filterless DDX™ Class D amplifier. This amplifier is capable of driving
the speakers typically found in portable equipment, providing high fidelity, high efficiency, and excellent sound
quality.

* Aline-out/capless stereo headphone port with ground referenced outputs, capable of driving headphones
without requiring an external DC blocking capacitor.

Each endpoint features independent volume controls, including a soft-mute capability which can slowly ramp up or
down the volume changes to avoid unwanted audio artifacts.

The ACS422x68 output signal paths consist of digital filters, DACs and output drivers. The digital filters and DACs are
enabled when the ACS422x68 is in ‘playback only’ or ‘record and playback’ mode. The output drivers can be sepa-
rately enabled by individual control bits.

The digital filter and audio processing block processes the data to provide volume control and numerous sound
enhancement algorithms. Two high performance sigma-delta audio DACs convert the digital data into analog.

The digital audio data is converted to oversampled bit streams using 24-bit digital interpolation filters, which then enters
sigma-delta DACs, and become converted to high quality analog audio signals.
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To enhance the sound available from the small, low-power speakers typically found in a portable device, the

ACS422x68 provides numerous audio enhancement capabilities. The ACS422x68 features dual, independent, pro-
grammable left/right 6-band equalization, allowing the system designer to provide an advanced system equalizer to
accommodate the specific speakers and enclosure design. A compressor/limiter features programmable attack and
release thresholds, enabling the system designer to attenuate loud noise excursions to avoid speaker artifacts, thus
allowing the underlying content to be played at a louder volume without distortion. For compressed audio, a program-
mable expander is available to help restore the dynamic range of the original content. A stereo depth enhancement
algorithm allows common left/right content (e.g. dialog) to be attenuated separately from other content, providing a per-
ceived depth separation between background and foreground audio. Psychoacoustic bass and treble enhancement
algorithms achieve a rich, full tone even from originally compressed content, and even with speakers generally unable
to play low-frequency sounds.

1.3. Audio Inputs

On the analog input side, the device features multiple line-in/microphone inputs, which can be used for analog micro-
phone, or line-in inputs. In addition, digital microphones are also supported. The device provides input gain control,
separate volume controls, automatic leveling capability, and programmable microphone boost to smooth input record-
ing. A programmable silence “floor” or “threshold” can be set to minimize background noise.

10 V1.8 08/13
©2011 INTEGRATED DEVICE TECHNOLOGY, INC. ACS422X68




ACS422x68
LOW-POWER, HIGH-FIDELITY, INTEGRATED CODEC

2. POWER MANAGEMENT

21. Control Registers

The ACS422x68 has control registers to enable system software to control which functions are active. To minimize
power consumption, unused functions should be disabled. To avoid audio artifacts, it is important to enable or disable
functions in the correct order.

Register Address Bit Label Type | Default Description
Analog in Boost Left

7 BSTL RW 0 0 = Power down, 1 = Power up
Analog in Boost Right
6 BSTR RW 0 0 = Power down, 1 = Power up
Analog in PGA Left
5 PGAL RW 0 0 = Power down, 1 = Power up
4 PGAR RW 0 Analog in PGA Right
Ox1A 0 = Power down, 1 = Power up
Power Management 1
d 3 ADCL RW o |ADCLeft
0 = Power down,1 = Power up
ADC Right
2 ADCR RW 0 0 = Power down. 1 = Power up
MICBIAS
! MICB RW 0 0 = Power down, 1 = Power up
0 DIGENB RW 0 Master clock disable

0: master clock enabled, 1: